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Project Team and Building Information
Owner: Anne Arundel County Public Schools Architectural
Tenant: Pershing Hill Elementary School ©Multiple Colors of decorative brick
Architect: Grimm and Parker Associates ¢Curved aluminum canopy marks
Construction Manager: Jacobs main entrance
Construction Costs: $13,311,664
Estimated Completion: Feb. 2011
Total size:87,160 sqft
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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 facade
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 facade 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 facade 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, 1% 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.

AE Senior Thesis 2010 Mitchell Reiners Page 8
Penn State AE Construction Management



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 Al, 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.
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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
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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)32-0.8 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 sqgft 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, | 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
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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 1% 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) W+ =240.2 x 5 =1201 plf and W = 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 Wy.=240.2 x 3

=720.6 plf and Wy = 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 Ibs. 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. P, is calculated from this information. P, = 282 (3°)(30’) = 25.4

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

Roofing Contractor 1 day?| Wed G009 Wed 6009

Submittals 22 days Tue SA09  Wed 9/30/09
Area A Roof Dry-infFlashing at GymiCateteria Jdays Tue 3210 Thu 34410
Install Roof Substrate at Gym/Caré Jdays Fri 3/5A0 Tue 3810
Planting at GymiCafé 2days| Wed 3M0A0) Thu3M1AOD
Area A Roof Dry-in Flashing at Remaining Area A ddays Tus 413010 Fri4fen0
L Install Roof Substrate at remaining area A 7days Mon4M9M0 Tue 4727110
Roofing Contractor 1 day?| VWed BA0NS  Wed 61009 Plarting at rem Ares A adays Wed 472610 Mon 53110
S . : 22days|  Tue SRS Wed 853009 1 ropyicate Parapet Coping (41 areas) edays| MonBBNO  Mon 9H3M0
Area A Roof Dry-InfFlashing at GymiCafeteria 3days Tue 37210 Thu 3410 Install Parapet Copi 1Sdays| Tue 1481 Mon 2711
Complete Roof Ballast st GymiCaté 4 days Fri 30 Wed 34010 Area B Roof Dryin Sdays| Wed GBEOAD Tue 7D
Area A Root Dry-in Flashing at Ry Area A o Tue 4M3H0  Fri4HEHO
s Iypar-Doy-n: Fliaing o Remainivg Ares 1 B i Install Root Substrate at B2 Root 3days| Wed 7TAD  Fri7AAD
< lete Roof Ballast at A 3 da Mon 4M9A0  Wed 42110
e bl minhhdid L o Plart ot area B2 Root 2days| Mon 71210 Tue 7N3M0
Fah"C:lE Para’:' Fome M e 22 Havs TM"” B‘T"U L 92:'0 Area B Dry in at low area B1 Root 2days| Tue7A3A0 Wed M40
Install Parapet 15 ciays & 1N8AT  Mon 271
peorg 4 Skl Install Roof Substrate at area B1 3days| Thu7NSND Mon7H8HD
Area B Roof Dry-in Sdays Ved 63010 Tue TEAD
Plant at Area B1 2days  Tue 772010 Wed 72110
Complete B2 Roof Ballast 2 days Wed TTHO Thu 7B8AD
- Area C Roof Dry-in shove Media Room Jdays  Thu7/22H0  Mon7/26M0
Area B Dry in at low area B1 Roof 2days Fri78M0 Mon 7M2H0
Install Roof Substrate above Media Room 2days|  Tue 72THO WWed 7/28H0
Complete B1 Roof Ballast 2days)  Tue TA3N0  Wed 71n4n0
Plant above Media Room 1day| Thu728A0 Thu7/28A0
Area C Roof Dry-in above Media Room 3days ‘Wed 7TH4M0 Fri 7HEM0 e e T BT
Comp Root Ballast above Media Room 3days  MonTASHO Wed 7121410 iCihvenbedin sl ml 2
Area C Roof Dry-In ot C2 Root Scays| ThUBN2MO0 Wed BHEND Area C1 DownspoutiGutter Facia/Soffit 2days  Mon8HEH0  Tue8MTHO
i Joutter FaciaSoft 2days MonBMBAO  Tue 8M7A0 Install Roof Substrate At area C1 7days| ThuBnsno Frigizing
Complete G2 Roof Ballast 3davs| Thusnano Monsanol | Entatareact Aokys) NonoriO) I ded0

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 15°F 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 Ft? x °F). The U value is multiplied by
the area of the walls (below), and the 55°F temperature difference to find the BTU needed per

hour.
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Area
Walls U-Values | (ftA2) 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 55°F 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:
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Cost Quantity Unit Total
Project Manager 2975 2 week $5,950
Superintendent 2750 2 week $5,500
Staffing Assistant Super. 2475 2 week $4,950
Project Engineer 1800 2 week $3,600
Clerk 590 2 week $1,180
CM Fee 4.6 7% of $31,683
Project
Temporary Utilities Trailer Rental 310 0.5 month $155
Office Equipment 171 0.5 month $86
) ) Office Supplies 94 0.5 month S47
Field Office Expenses -
Telephone bill 88 0.5 month S44
Lights and HVAC 165 0.5 month $83
Estimated Cost $53,277 L;’;i:;"r” 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 13" of November 2009 to the 13" 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 fagade 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
21% to July 2", 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 13" 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.
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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

S IS —— o N
e W B g I e W /~ VULCRAFT
1.5 B, BIl, BA, BIA
Maximum Sheet Length 42'-0 — ICBO Approved (No.3415)
Factory Mutual Approved
Deck type & gauge — Max. deck span
1.5B22, 1.5B122.
1.5B20, 1.5B120.
1.5B18, 1.5B118...
FM Approvals No. OCSA? AM & 0G1A4. AM
|_ & __I __I L-— 2y
U
B : A
Bl NTAST LS O e A s
IL._ —fr _—‘
SECTION PROPERTIES Type B (wide rib) deck provides excellent structural
Deck Design | Weight (PSF) [ Sp Sn Fy load carrying capacity per pound of steel utilized,
Type | Thick. | Ptd. Galv, init ndm | inm K5i and its nestable design eliminates the need for die-
B24 00228 | 1.36 146 0121 | 0120 | 0.131 | €0 setiands
Be2 00295 | 188 178 0169 | a1s6 | o01s2 | 33 : /
:g; gﬂg‘s": 1o ;.'?: g;‘;‘g g:;i gl | @ 1" or more rigid insulation is required for Type B
Bi9 00418 | 230 2.49 0253 | 0277 | o289 | 33 deck.
B18 0.047: 72 282 . 0327 | 33 : : i
B16 o.nss; ;:4 3.54 E_i?i Ej&: 0.411 a3 Acoustical deck (Type BA, BIA) is particularly

suitable in structures such as auditoriums, schools,
and theatres where sound control is desirable.
ACOUSTICAL INFORMATION Acoustic perforations are located in the vertical

Deck Noiss Redudion webs where the load carrying properties are
Cosfficient” negligibly affected (less than 5%).

| 15BA, 15814

Inert, non-organic glass fiber sound absorbing batts
* Source: jos — RAL™ AS4-185. are placed in the rib openings to absorb up to 65%

Test was conducted with 1.5 mh-_-s of 1.65 pcf fiberglass insulation i
on 3 inch EPS Plaza deck for the SDI. of the sound striking the deck.

Batts are field installed and may require separation.

VERTICAL LOADS FOR TYPE 1.5B
" Max. Allowable Total {Dead + Live) Uniform Load (PSF)
Mo.of | Deck | SDIConst. Span (An)  C. 1o C. of Suppor
Spans | Type |  Span 50 5B ] [ T ] B0 ] [ ] 10-0 |
B 5& &

3 B20
B 19

B8

Notes: 1. Load tables are calculaled using sectional properties based on the steel design thickness shown in the
Steel Deck Institute (SDI) Design Manual,
2. Loads shown in the shaded areas are governed by the live load deflection not in excess of 1/240 of the span.
A dead load of 10 PSF has been included.
3 ** Acoustical Deck is not covered under Factory Mutual
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Appendix B

LRFD Tables

LRFD
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STANDARD LOAD TABLE FOR KCS OPEN WEB STEEL JOISTS
Based on a 50 ksi Maximum Yield Strength

MOMENT SHEAR | APPROX. GROSS BRINCING

cia | e CAPACITY | CAPACITY* | WEIGHT* | MOMENTOF | TABLE

| (inches) (inch-kips) (bs) | (bsm INERTIA (in.4) | S=CTION

1 |
10KCS1 10 258 3000 | 6.0 29 1
10KCS2 [ 10 337 3750 7.5 ar 1
10KCS3 | 10 444 4500 10.0 a7 1
12KCS1 | 12 313 3600 | 6.0 a3 3
12KCS2 12 411 4500 [ 8.0 55 5
12KCS3 12 543 5250 | 10.0 71 5
14KCS1 14 370 4350 | 6.5 59 4
14KCS2 14 486 5100 8.0 77 6
14KCS3 14 642 5850 10.0 99 6
16KCS2 186 523 6000 85 99 6
16KCS3 16 705 7200 105 128 9
16KCS4 16 1080 7950 145 192 9
16KCS5 16 1401 8700 18.0 245 9
18KCS2 18 592 7050 9.0 127 6
18KCS3 18 798 7800 11.0 164 9
18KCS4 18 1225 8550 15.0 247 10
18KCS5 18 1593 9300 185 316 10
20KCS2 20 663 7800 9.5 159 3
20KCS3 20 892 9000 1.5 205 9
20KCS4 20 1371 11850 165 308 10
20KCS5 20 1786 12600 20.0 396 10
22KCS2 22 732 8850 10.0 194 6
22KCS3 22 987 9900 12,5 251 9
22KCS4 22 1518 11850 16.5 a77 11
22KCS5 22 1978 12900 205 485 1
24KCS2 24 801 9450 10.0 232 6
24KCS3 24 1080 10800 125 am 9
24KCS4 24 1662 12600 16.5 453 12
24KCS5 24 2172 13350 205 584 12
26KC52 26 870 9900 10.0 274 6
26KCS3 26 1174 11700 125 355 9
26KCS4 26 1809 12750 16.5 536 12
26KCS5 26 2364 13800 205 691 12
28KCS2 28 939 10350 10.5 320 6
28KCS3 28 1269 12000 12,5 414 9
28KCS4 28 1954 12750 16.5 626 12
28KCS5 28 | 2556 13800 205 808 12
30KCS3 a0 I 1362 12000 13.0 | 478 9
30KCS4 ) 2100 12750 16.5 722 12
30KCS5 30 2749 13800 21.0 | 934 | 12
“MAXIMUM UNIFORMLY DISTRIBUTED LOAD CAPACITY IS 825 PLF AND SINGLE CONCENTRATED LOAD CANNOT
EXCEED SHEAR CAPACITY
**DOES NOT INCLUDE ACCESSORIES
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LRFD

ECONOMY TABLE FOR OPEN WEB STEEL JOISTS, K-SERIES

Based on a 56 ksi Maximum Yield Strength - Loads Shown in Pounds per Linear Foot {plf)

- - : 1 - _ = ‘ ‘ 7
Joist F14K6i1&(5|22!(4’16§(6[2@(5 26K4 | 18KB 16!(7{22#(5[20&5 181(7{23@'20(7)24&5 22”1242!;6
g ! i | 22

Deptn (in.) | 18 | = -2 ] B2 | 8 I 2% | 2
Bpprox. WL TF | 7z | BB | B3 | 82 84 | 85 36 88 89 | 90 | 92 83 | o3 | 97 \ o7
(bsit) | \‘ | | : \ | | | | | |
Spex () | | | | | i i | | | |
14 25 ‘ I T \ I I \ ! ‘ .
550 | | | | | i |
5 85 | I [ \ \ | I ‘ }
507_ | | I | 1 | i | | | | :
1% | 825 | | | 825 I | |
| 467 | | 550 | | g \ ! \‘ ‘
17 | 85 | | |2 |
| & | | | 526 | | | s26 ‘ T | ‘
‘ 82| a5 | &5 | 825 1 ‘
s I 490 | & | g | \I :32 : | ‘
825 825 85 | I ‘
o | 8 = 455 | 523 | 455 23 | |
70 787 | 825 | 825 | 825 ‘ &5 | 8% 825 i @5 =
i = 2‘% g; ; gﬁ 85 | 825 i 85
7 75z | &5 | 0 w ‘ ; ‘ .
Ak I A Al A AL As IR IR0 2
| 2 | & | & ass | 548 | 490 | 438 | 548 | 4% 548 \
825 | ®5 | 85 | 825 | 825 | 85
518 | & & 418 | 518 | 488 | 518 |
a04 792 | 789 825 | 825 825 825 825
483 | 430 | 382 | 495 | 448 | 544 | 495 | 544
739 | 72 | 72 | 805 | 8Nl 810 | B2 | 825
a27 | 380 | 337 | 464 | a2 511 474 520
2 | &3 | 62 | 741 | 70 | 7ae | e | B8
379 | 337 | 299 411 373 453 454 | 493
%33 | 624 | 622 | 688 | 694 583 | 768 | 754
3 | 3m | 2e7 1 367 | 333 | 404 | 406 | 430
568 | 570 | 577 | 640 | 645 | 6438 | 712 | 700
302 | 269 | 230 | 328 | 208 | 362 | 364 | 393
57 | o4 | s | se7 | eDi [ 600 | 664 | 652
2712 242 | 215 | 205 | 2e8 325 azr | 354
511 504 | 502 | 556 | 561 558 | 618 | 600
25 | 218 | 194 | 266 | 242 293 295 319
a7 469 | 520 | 525 | 528 | 580 | 570
pLs] ‘ 198 ‘ 175 l 241 | 25| 5% | %7 | 20
448 | 442 | 441 389 | 492 | 490 | 544 535
= | | 158 219 | 199 241 242 262
|
421 | 415 | a1a | 458 | 463 | 462 | b1 502
= | | 983 | 163 | 1a5 | 190 | 581 | 250 | 3 | z
397 | 3931 | 290 | 432 | 435 | 435 | 481 |
2 [ L 167 149 | 132 | 182 | 185 | 20 202 | ﬂg
T 373 | 263 | 367 | 408 | 411 209 | 454
= { 153 3 | = ‘ 167 151 | 184 e | 200
354 348 348 385 388 | 367 ‘ 429 421
% l 1 144 125 11 | 153 139 ‘ 169 169 ‘ 183
T 334 | 330 | 384 | 367 | 366 | 406 398
2 | | i 115 | 4 128 | 155 158 168
|
318 | 312 345 | 348 | 346 | 384 | 378
i | 118 08 130 | 118 | 348 144 156
I 257 327 330 ) 34 | 358
N ] ] 98 120 w0 | 92 | 133 |
| 285 | 282 3fe | 318 | 312 | 6 | a0
i ‘ e | | 102 91 o 101 2 | 123 133
! i ' 755 207 | 20 | 34
+ ' | 5 ’ | & f | % | = e | a4 | qo4
| i o i P i T 33 | 308
| 722 | 252 [ 259 [ o282 283
| | | 88 | | 96 108 106 115
! Pt ! z?;u i 247 268 776 | 300 | 294
| | | & | i 88 s | | 89 2958& | ZB:B ;g‘rl
[ 1 208 | 229 T2 | 0 256 i
| \ | & | | | & [rm | | 8 | lide | 4 e
| | l i | % | , ‘ 1 \ [ 5
| | | | | 3
I 1 * 208 \ 0 ‘ l I 235 | 256
! { | i‘ | | 7 L I | ‘ | | =0 ! a7
! T | T [ 189 1‘ J 1 [ | 2’255 [ %‘426
‘ | | &7 \ ; _ |
I ‘ I A9z ‘ \ ‘ ‘ 0 | ze 1 25
| J ] | 63 | ! | | o |
C-3
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Appendix D
HSS Tubing Allowable Loads

Fy=50
eclanguiar |
atructural Steel Tubin i
FUGLUI'a1 olBE1 1UDING _
Allowable Concentric Loads in Kips ERW
Nominal Size 9x5 9x3
Wall Thickness 5/8 12 38 516 114 316 12 3B 5116 114 316
Weight Per Foo 50.81 42.05 3258 2759 242 | 1708 35.24 27.48 2334 19.02 1453
Design Wall Thickness 0.581 0.465 0.349 0.291 0233 | od47a* | 0465 0.349 0201 0.233 0.174*
F, = 50 ksi
420 348 269 228 185 125 292 193 157 105
2 406 337 261 221 180 122 275 215 182 149 101
3 398 330 256 217 176 120 263 175 143 98
4 388 323 250 212 173 118 250 196 167 137 95
5 378 314 244 207 168 116 235 185 158 130 9
8 366 305 237 201 164 114 218 173 148 122 87
7 354 295 230 195 159 111 200 160 137 113 83
8 341 285 222 189 154 109 180 145 126 104 77
] 327 274 214 182 148 106 158 130 13 94 72
10 312 262 205 174 143 102 135 113 99 84 65
11 206 249 196 167 136 99 112 9% 85 72 56
12 280 236 186 159 130 95 9 80 il 61 48
13 263 222 176 150 123 91 80 68 61 52 41
14 245 208 166 141 116 87 69 59 52 45 35
15 226 193 154 132 109 82 60 51 46 39 31
16 206 177 143 123 101 77 53 45 40 34 27
E 17 185 161 131 112 93 72 47 40 35 30 4
= 18 165 144 118 102 85 66 42 36 32 27 21
] 19 148 129 106 92 77 59 38 32 28 24 19
= 20 134 17 9% 83 89 53 — 29 26 2 17
g 2 | 106 87 75 63 48 o o 20 16
= 22 1 79 68 57 = =
I 23 101 88 72 63 52 40
= 24 a3 81 67 57 48 37
2 86 75 61 53 44 34
26 79 69 57 49 41 32
27 73 64 53 45 38 29
28 68 60 49 42 35 27
29 64 56 46 39 33 25
30 59 52 43 37 31 24
31 56 49 10 3 29 22
32 52 46 37 a2 27 21
33 = —— 35 30 25 20
2 — 29 24 18
35 — - 17
36 o
37
38
39
40
PROPERTIES
Area, In 14.0 11.6 8.97 7.59 6.17 4.67 9.74 7.58 643 5.24 398
1, In.* 133 115 25 79.8 66.1 51.1 808 66.3 577 482 376
L, In.t 519 452 368 320 266 20.7 132 12 9.88 8.38 6.63
Ratio , / , 1.60 1.60 1.59 158 1.58 1.57 247 2.43 242 2.40 238
ry In. 1.92 1.97 203 2.05 2.08 210 1.16 121 1.24 1.27 1.29
B, Bending Factor 0.474 0454 | 0436 0.428 0420 | 0411 0.542 0514 0.501 0489 | 0476
B,, Bending Faclor 0.674 0642 | 0609 0593 0580 | 0564 111 1.02 0976 0938 | 0900
3, = 10° 199 17.2 138 11.9 987 7.63 12.1 9.90 8.62 7.20 561
a,, +10° 7.75 6.75 5.50 478 3.97 3.09 1.97 167 148 1.25 0.990

“Slender element section. Width-Thickness and/or Depth-Thickness ratio exceeds AISC "Specification” Section BS.1 limiting value of 253/ VFy.
Note: Double Horizontal Line indicates k &4 limit of 200

54
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155 / Rectangular
alructural Steel Tubing o)
= = z ¥y
Allowable Concentric Loads in Kips ERW
Nominal Size 18 X6 16x12 16x8
Wall Thickness 5/8 12 8 5116 1/4 172 8 5116 5/8 12 8 5/16
Weight Per Foot 9334 | 7607 | 5830 | 48.86 39.43 8968 | 6831 | 5736 | 93.34 7607 | 5810 | 4836
Design Wall Thickness 0.581 | 0465 | 0.349" | 0291" | 0233* | 0465 | 0349" | 0.291* | 0.581 0485 | 0.349" | 0.291*
I";. = 50 ksi
0 7 627 4 324 236 738 528 415 7 627 448 318
2 753 612 414 319 232 730 523 412 758 616 442 344
3 1 604 410 316 230 725 521 410 750 610 439 a1
1 729 594 405 313 228 720 518 408 741 603 435 338
5 716 583 400 309 226 715 515 405 732 596 431 335
6 701 571 394 305 223 709 512 403 722 588 426 332
7 685 559 388 301 220 703 508 400 M 579 422 329
8 669 546 382 296 217 697 505 398 700 570 417 375
9 651 532 375 291 214 690 501 395 688 561 411 321
10 632 517 367 286 210 683 497 392 676 551 406 317
11 613 502 359 280 207 676 493 389 663 541 400 313
12 592 486 351 274 203 669 488 386 649 530 394 308
13 571 469 342 268 199 661 484 382 635 519 387 304
1 549 451 3 262 194 654 479 379 620 507 380 299
15 526 433 322 255 190 646 475 375 605 495 373 294
16 502 414 312 247 185 637 470 372 589 482 365 288
B 17 a7 395 300 239 180 629 464 368 573 470 358 283
= 18 451 374 288 231 174 620 459 364 557 456 349 277
2 19 425 353 275 222 169 611 454 360 539 443 3 2n
x 20 397 332 260 212 162 601 448 356 522 429 33 264
=4
s 21 368 309 244 202 156 592 442 352 504 414 321 258
E 2 339 286 227 191 149 582 436 U7 485 399 309 251
B 23 310 262 209 178 141 572 430 343 466 384 298 243
& 24 285 241 192 164 133 562 424 338 446 368 286 236
2 262 222 177 151 124 552 27 333 426 352 274 227
2% 242 205 163 140 115 541 410 328 405 336 262 219
27 225 190 152 130 106 530 403 323 383 319 249 210
7% 209 177 M 121 99 519 3% 318 361 302 236 200
29 195 165 131 113 92 508 388 312 339 284 223 190
30 182 154 123 105 86 496 380 307 317 265 209 178
31 7 144 115 99 81 484 3n 301 297 249 196 167
32 160 135 108 9 76 473 362 295 278 233 184 157
) 151 127 101 87 T 460 53 289 262 219 173 148
34 142 120 9% 82 67 448 344 283 247 207 163 139
35 134 n3 90 77 63 435 33 276 233 195 154 131
36 126 107 85 7 60 423 325 269 220 184 145 124
37 120 101 81 69 57 409 315 262 208 175 138 17
8 114 9% % 66 54 396 305 255 197 165 130 1
39 108 91 73 62 51 383 295 248 187 157 124 106
40 102 87 69 59 48 369 285 240 178 149 118 100
PROPERTIES
Areg, In? 257 20.9 16.0 134 10.8 246 18.7 157 25.7 20.9 160 | 134
Iy, In.* 923 770 602 513 419 904 702 595 815 679 531 451
Iy, In.* 158 134 106 91.3 751 | 581 452 384 274 230 181 155
Ratio r, /1, 2.42 2.40 2.38 2.37 2.36 125 1.25 1.24 1.72 1.72 171 171
. In. 248 253 2.58 2,61 263 4.86 491 4.94 3.27 3.32 337 | 340
B, Bending Factor 0251 | 0244 0239 0235| 0232 o0218| o0213| 0211 0.252 0246| 0241 0238
B,, Bending Factor 0488 | 0468 0453 0440 0431 | 0254 | 0243 0245 | 0375 0363 0354 0346
a, = 10° 138 115 89.9 76.6 626 | 135 105 88.9 122 101 793 | 67.3
a,,+10* 236 20.0 158 136 12 868 67.5 57.3 40.9 34.3 270 | 231
*Slender element section, Width-Thickness and/or Depth-Thickness ratio exceads AISC *Specification” Section B5.1 limiting value of 253 / VFy.
45
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Appendix E

RS Means 2009 Data

Penn State AE Construction Management

E
32 91 Planting Preparation
Doty lobor- | 2009 Bare I
32 91 19.13 Topsoil Placement and Grading | Crow Ouput Howrs Unit | Materiel Labor Equrpmem Tolol | dogp
0300 | Fine grade, bose course for paving, see Div. 32 1123.23 i | | i | | | B
0400 . Spreod from pile to rough finish grode, FE. londer, 1.5 CY (B10S . 2000 060 CY. . 229! 164 3.93i 53
0500 Up to 200° radius, by hond {10abi 14 571 | 18.05 18050
0600 | Topdress by hond, 1 CY. for 600 S.F. Poroins0] 8% 5 | 20.50 | 2. | 4250 g
0700 | Furnish ond place, truck dumped, screened, 4" deep {8105 1300 009 | SY. | 259 35 25 A ay
0800 6 deen ~ 0 |0 332 560 40 1By
32 92 Turf and Grasses
329 ing fie
_ 32 92 19.14 Seeding, Athletic Fields -
0010 - SEEDING, ATHLETIC FIELDS T e RN ; o
0020 | Seeding, oridetic felds, athleti field mix, 8#,/M.5.F. push spreader [TCb| &« 1:[MSE[ 1535 3150 4685 o6
0100 | Troctor spreader 8 TTRE VI [V B Ok 6 4450 180
0200 Hydro or air seeding, with mulch 2 feriil CBB1T 80 300 16.90 10.50 725 34:45 2%
0400 Birdsfoot frefuil, .45#,/M.5.F., push sprender 100h 8 1 7.80 31.50 39.30 S
0500 Tractor spreader Bob - 52 154 1801 ] 445 18.25 ny |
0600 Hydro or air seeding, with mulch & fartil. B81 ' 80  .300 15 10.50 1.25 275 oy
0800 Bluegrass, 4#/M.S.F, common, push spreader 1Cb 8 1 16.35 31.50 47.85 7
0%00 Trnchor spreader B66 52 154 16.35 b 4,45 26.80 17
1000 Hydro or air seeding, with mulch & feril. B41 . 80 300 " 10,50 1.25 4475 5350
1100 Boron, push sprender eh! 8 1 77 31.50 53.50 7
1200 Tractor sprender Bo6 - 52 154 e b 445 32.45 3
1300 Hydro or oir seeding, with mulch & fertil. 381 80 .300 30 10.50 7.25 47.75 5
1500 Clover, 0.67#/M.S.F., white, push spreader 1Cob 6§ 1 1.43 31.50 32.93 50.50
1600 Tractor spreader Bs6 52 154 1.43 b 4451 11.08 1540
1700 Hydro or air szeding, with mulch and ferti., B81 80  .300 1.85 10.50 7.25 25.60 329
1800 Ladino, push sprendsr 1Cob 8 1 5.60 31.50 37.10 5
1900 Tractor spreader B46 52 0 154 5.60 b 445 16.05 0
2000 Fydro or oir seeding, with mulch and fartil B81 80 .300 24.50 1050 1.25 42.25 5
2200 Fescus 5.54/M.S.F, foll, push spreoder 1Cab 8 1 110 31.50 42,60 4]
2300 Tractor spreader B66 52 154 11.10 & 4.45 21.55 i3
1400 Hydro or air seeding, with mulch ond fertilizer 881 80 300 36.50 10,50 125 5435 8450
7500 (hewing, push sprender 10 8 1 1110 31.50 42,60 81
2600 Tractor spreqder 866 52 154 1.0 [ 445 21.55 1]
2700 Hydro or oir saeding, with mulch ond fertil, B81 B0 300 36.50 10.50 1.25 54.25 40 1
900 Crown vetch, 48/M.S.F, push spreader 1(ab 8 1 4 31.50 72.50 FL R
anoo Tractor spreoder Bob 52 154 41 b 4.45 51.45 L
3100 Hydro o gir seeding, with mulch ond fertiizer B81 80 300 5 1050 7.05 7375 BY |
3300 fye, 10/M.5.F, onnual, push spraoder Qb 8 1 3 31.50 5450 T
3400 Tioctor spreoder g6 52 1% pi] b 445 345 ¥
3500 Hydro or air seeding, with mulch and Fartilizer 881 80 300 50 1050 125 6175 7
3600 fine texfured, push spreader 1Cb 8 1 23 31.50 54.50 i
3700 Tractor spreader Bes 52 154 3 b 45 B4 ¥
3800 Hydro or air seeding, with mulch ond ferfiizes B81 80 .300 50 10.50 25 &1.75 "
4000 Shade mix, 6#/M.5.F., push spreader 1Cb 8 1 10.70 31.50 4220 8l
4100 Tractor sprender B66 52 154 1 5 4.45 s B
4700 Hydro or oir seeding, with muich ond ferilizer B8 80 300 10.50 725 .25 50
4400 Slope mix, 62 /M.5.F., push sorender 1Cob 3 [ 3150 42.20 Bl
4500 Troctor spreacer 6 32 154 b a5 5
1400 Hydra e air seeding, with muich ond fernlizar B-81 30 .00 i 10.50 /.25
4800 Turf i, 4% /M.S.F.. push sprender 10ab 8 1 115 3150
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32 93 Plants
.‘1'

Dy lohr | 2009 Bor Coss T W

32 93 43.10 Planting ( Crew Ouiput Hours Unit | Moferiol  lobor  Equipment  Tow] | Ind 0
0010 | PLANTING - - ' i ST
0011 | Trees, shrubs and ground cover

0100 | Lightsoil L S b R i f

0o | Bare roof seedlings, 3" fo 5" height _l[y:hf 960 | 008 Fo. ; 26 26! It
0120 | 610 10" Pofo150 050 | g 49 49! %
0130 | 1110 14" 370 | 022 68| T
0140 | 17710 24" 210 | 038 120 1200 g
0200 | Potted, 2-1 /4" diometer | l840 010 | 301 Ny
0210 | 3" fiometes e 36| 7 O
0220 | 4 diomete [y 0 o3l 4 N g
0300 | Container, 1 gallon 120abi 84 190§ | b b g
0310 | Zgalon Fop SR A0 e %0 15
0320 | 3 gallon 40 400 | | L2651 12650 194
0330 | 5 gollon 29 5520 | i 17.45 | 17450 g
0400 | Bagged and budapped, 12" diometer bal, by hand v 19802 2501 %50 4y
0410 | Backhos,/loader, 48 H.P B6 40 800 20.50 735 785 By
0415 1 15 diometer, by hand 20cb 16 1 31.50 : 350 g
0416 Backhos/looder, 48 H.P B6 30 800 27,50 9.80 730
0420 18 diameter by hand 200b 12 1333 4 el 654
0430 Backhoe,/loader, 48 H.P B4 27 889 30.50 10.90 140 By
0440 24" diometer by hond 20b: 9 '1.778 56 56 87
0450 Backhoe /looder 48 H.P. Be 21 1143 ; Pon 14 53 7
0470 36" diameter, backhoe/loader, 46 H.2 17 420 4 a8 17.30 6530 0% |
0550 Phedium soil .
0560 Bure roat seedlings, 3 to 5" 1Cab: 672 012 Eo 38 38 8|
0561 £ 110" L3602 59 49 18
0562 11”1016 260 031 97 97 5|
0563 177 1o 24 145 055 1.74 1.74 m
0570 Potted, 2-1,/4" diametsr 590 . .04 43 43 4b
0572 3" diometer 490 016 51 52 k]
0574 4 diomefar 435 ' 018 58 5 0
0590 Contoiner, T gollon 20b' 59 2N B.55 8.55 10
0592 2 gallan 6 444 14.05 1405 0
0594 3 gollon B 5N 18.05 1805 M
0595 5 gallon 0 800 2550 %50 39
Ds00 Bagged and burlapped, 12 diometer ball, by hand 13 LM 39 39 4030
D605 Bockhoa,/loader, 48 H.P Bo 28 857 29 10.50 39.50 5650
0607 15" diameter, by hand 2Cb!11.2001.429 45 45 i
0608 Bockhoe,/loader, 48 .2 B 21 1143 39 14 53 [
0610 18" diometer, by hond 2(Clab’ 8.50 1.882 59.50 59.50 9
0615 Buckhoe,Tondr, 48 1P B6 19 1.263 43 15.45 5845, 83
0620 24" diometer, by hand 20kb 6,30 2.540 80.50 050 14
0625 Backhos/loader, 48 1.2 B6 1470 1.433 5550 20 75.50 108
0630 36" diomater, backhoe/loader, 48 H.P 17 2 68 24.50 92.50 131
0700 Heowy or stoney soil

0710 Hore roor seedlings, 3"t 5 10h 470 27 Fo. 54 54 8
o7 10" 255 031 0 99 194
e "1 14" 182 044 1.39 1.39 2K
0713 17"t 24" 101079 250 250 38
0720 Poited, -1 /47 diometer %0 022 70 0 108
o 3" diometer M3 023 b 74 1.
0724 1 diometer 05 0% 83 8 12
n730 Container, 1 gallon 20 41.20 287 12.25 12.25 ]g’_
o S . _ :
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| | | Tofol
| 3321 13.10 Wells and Accessories | Gew Quipwt Hoors Uit | Moteridl  lobor  Equipment  Tofol ! ind 0P
| 010 | WELLS & ACCESSORIES - = : 7 '
it | Domestc [rinlcl el iy ! G i
0100 | Diled, 47 o 6" diometer {823 120 333 L | 10650 2 3/e5 42
200 | 8" diometer oroies 201420 13450 W 9450 5
0400 | Grove pock wel, 40" deep, ic. grvel & cosing, compete A ; i
0500 | 24" diameler casing x 18" diomaer scresn {823 | 13 | 307 | Too 30600 | 9850 | 21400 | 81850 ! 72500
0600 | 36" diometer casing x 18" inmetet streen Elobaz il oo D390 [10700 (23000 |oge700 [ TBOO0
0800 | Observation well, 1-1,/4" rser pipe | ¢ (1635 VLE| 1685 785 1705 4175} 4950
0900 ( Forflsh Buffloroudwoy b, odd. 1Sk 1660 482 B 46 | 1970 TV FE |
1200 | Testwel :1/2"damele,0p o 50" deep (15 fo 50 GPH) [B23 151 %6490 6% B0 | 1850 330 | 410
1300 | Over 50" desp, odd w1218 328 | LE | 018350 10500 . 23| SL8S) 6150
1500 | Pumps, Tstolled in wells fo 1007 deep, 4 submersible B s e e i ! el
1510 | 1/2HE {01 {322 4969] B0 | 460 | 218 IO
1520 | 3/4HP Pl asslsms || ses 264 | 829 | 1,008
1600 | TH Ly l229eoer | 615 05 | 90 | 150
1700 11/24E 422 140 10 | | 800 440 480 170 L 2,075
1800 | 1He Fi13s12080 1,200 530 580 2310 | 2725
1900 3P 11414088 | 1975 815 675 3265 ¢ 3,850
2000 | SHE oL st | 2775 §15 15 | 4065 . 4725
W00 Pump, & submenible, 25" to 150 desp, 25 H.P, 249 10 297 GPM | 8y meme | 545 790 865 7080 8,00
3100 257 10 500" daep, 30 K., 100 to 300 GPiA b 73 M98 o 6300 9%0 1,050 8310 | 9525
3000 - Steelwell cosing B30 3020 008 | Lb. 8 28 88 M3 13
950 Sea Div. 3123 19.40 for welloints ;
990 See Div. 31 23 19,30 far drainage wells
33 21 13.20 Water Supply Wells, Pumps
0010 WATER SUPPLY WELLS, PUMPS
oo With pressure control
1000 Dieap well jef, 42 gal. golvenized tank !
1040 3/4 80 TPum 80 10 E. 685 490 s 147
oo Shollow wel, jet, 30 gal. golvonized tank
3040 1/21p Tfem, 2 4 R 495 195 690 840

33 21 Water Supply Wells

b i

iy _Lbor

33 31 Sanitary Utility Sewerage Piping =~
Public Sanitary Utility Sewerage Piping

333113.15 Sewage Collection, Concrete Pipe

1010 SEWAGE COLLECTION, CONCRETE PIPE

020 See Div. 33 41 13.60 for sewage, Groinage colacion, concre i

3331 13.25 Sewage Collection, Polyvinyl Chioride Pipe

00 SEWAGE COLLECTION, POLYVINYL CHLORIDE PIPE

Penn State AE Construction Management

0020 Mot including excavafion or backfil
W00 20" lengths, S.0.R. 35, BES, 4 diometer 820 375 064 LE 166 126 392 5.35
04 & diometer 350 089 340 142 582 750
W80 13 lengths , S.0.R. 35, BRS, 8 diometer .5 7.05 253 058 1145
ha 107 diometer 821 330 085 1.15 309 3 1463 1745
2160 12" diomefer 320 088 12.70 3.8 40 1628 193
I 15" diameer . M0 1210 42 54 1688 2050
400 Piping, DIV PVE, no exc/bikfil, 10" L Sch 40, 4 diameter B0 375 04d 384 226 6,10 775
a0 8" diometer 350 069 765 4 0071215
Ao 8 dameter . 35072 13.30 153 1583 1855
623
L]
p— |
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Y

: 1
41{ &3 Bored Piles |
31 63 29 — Drilled Concrete Piers and Shafts : — | E
Duily  Lobor- _ 2010 Bore Costs Tl 3
3163 29.13 Uncased Drilled Concrete Piers Gew Output Hours Unit  Motoridl  lobor  Fpipment  Totol  lndogp | l
0070 12" dometr TR L e L
0075 147 diometer 360 133 na 4 1m n& gy | I
0080 16" diometer 300 - 160 15.90 5.80 8.65 3035 4 -
0085 18" domater 40 200 Wi 725 1080 IS uy
0100 Cast in place, thin wall shell pile, staight sided,
0110 nat incl. reinforcing, 8" diom., 16 go., 5.8 1b./LE B19 700 091 VMLE 210 a7 174 15.64 189
0200 10" diameter, 16 go. comugated, 7.3 Ib./LE 850 - 098 . | 11.90 407 97 189 1y
0300 12 diameter, 16 go. comugared, 8.7 b, /LE 800 107 15.45 441 i 1308wy
0400 14" diometer, 16 ao. corrugated, 10.0lb./LE. 550 06 18.15 48 351 2647 14
0500 16" diameter, 16 go. comugoted, 11.6 b, /LE 500 128 2250 5.30 387 3167 3
0800 Cast in place friction pile, 50° long, fluted, .
0810 topered stasl, 4000 psi cancrete, no reinforcing ,
0900 12" diometer, 7 go. B19 400 107 VLE 750 4.41 3.22 3513 03
1000 14" diameter, 7 go. 560 014 | 2950 4.72 3.45 31.67 435 H
1100 14" dimeer, 7 go. 50123 35 5100 4 #8899 | @
1200 18" diometer, 7 0. 480 033 4 5.50 403 50.53 W N
1300 End beoring, fluted, constant digmefer, ' .
1320 4000 psi concrate, no reinforcing
1340 12" diomefer, 7 go. B19 800 107 WLE 28.50 441 i 36,13 i
1360 14" diometer, 7 go. 540 114 35.50 47 3.45 43.67 50 '
1380 16" diometer, 7 go. 520 013 41.50 5.10 an 50.32 57.50
1400 18 diometer, 7 go. 480 133 45,50 5.50 403 55.03 : 63 ‘
316329.20 CastinPlace Piles, Adds - \|
0010 CAST IN PLACE PILES, ADDS
1500 For reinforcing stee, odd Lb. B0 80 |
1700 For boll or pedestol end, ndd B19 11 5818 CY 144 40 176 562 £
1900 Far langths ohove 60°, concrete, odd 11 5818 ¢ 152 40 174 548 1%
2000 For steel thin shell, pipe only Lh. 1.08 1.08 11§
|
]
¥
340 L
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63 Bored Piles

6 - Drilled Caissons

Mitchell Reiners

Penn State AE Construction Management

E Daily  Labor- 2010 Bare Costs Total
‘-%-53%_1_3 Fixed End Cassion Piles Cow Quipul Hours Unit  Moserial lobor  Fquipment  Tatal Ind 0&P
| 80" domets, 0727 CYLE B49 7 12571 VLF 85 480 530 1095 1425
F 72" diometer, 1.05 C.Y,/LF [ 6 1467 123 560 615 1298 | 1475
! 84" diometer, 1.43 CY/LF 5 17.400 167 475 740 1562 2,025
| For bell excovation and concrate, add
o 4" bl diameter, 24" shoft, 0,444 C Y, B49 1090 8073 [a. 43 310 30 693 900
0 6" bell diometer, 30" shaft, 1.57 (.Y, | 310 28.387 152 1100 1,200 2452 3150
0 8" bel diameter, 36” shaft, 3.72 C, 1.30 67.69 30 2600 2850 5810 7,500
a0 9 bell diameter, 4" shaft, 4.48 € Y. 110 80 435 3075 3350 6,860 8,875
a0 ! 10° bell diometer, 60 shaft, 5.24 € Y. 90 97778 510 3750 4700 8,350 10,800
R 12" bell dinmetes, 72" shaft, 8.74 .. 60 148 B850 5625 4150 12425 16,300
a0 | 14 bell diameter, 84" shaft, 13.6 1, AV LI 1825 8425 9250 19000 24600
W0 | Forrock excavation, sockets, odd, minimum 120 733 CF 28 3l 59 7
w0 | Average {195 1.9% #5003 7450 9750
1w Maximum - 4B 1833 L 050 77 750 193
B g0 ForS0r to 100" daep, add VLE 7% i3
il 0 - For 100° to 150" deap, odd 5% 5%
& 10 For 150" to 2007 desp, odd 0% 30%
T4 w0 Forcasings lftin ploce, ogd Lb, 97 97 1.07
115 4300 Forother thon 50 1. reinf. per C.Y., odd or deduer . 1.03 1.03 1.13
15 W0 Forsteel 1" beom cores, odd B49 830 10.402 Ton 1,750 405 4“5 2600 3,050
204 1500 Load ond haul exeess excovation, 2 miles BB 178 045 LOY 1.49 375 524 6.40
B For mobilization, 50 mie radus, ig o 36" M3 2 u g 870 1300 2170 2750
450 Riglo 84" B48 175 32 1175 1475 L850 3450
35 0 For low headroom, odd 50%
A5 For difficult access, ndd 25%
:;IEI E Bottom inspection 1 Skwk 120 b.667 184 284 435
s 31_53_'*‘_9’.5_5_?_'2“?%59@’M_E.E"E‘E_C""_“_E'_’ﬂ“.’!______ -
i UI0 CONCRETE CAISSONS FOR MARINE CONSTRUCTION
" 1100 Caissons, incl. mobilization and demobilizofian, up fo 50 miles
M0 Uncased shalts 30 1o 80 tons op., 17" diam., 10° depth B4 BB 7 VLE 1940 2950 7 &9 90
gy | @ 25" depth 165 388 1385 1580 1115 4080 5250
W | u?ﬂﬂ wrz 0[50 fon copacity, 22" diameer, 10° depih 80 sg}u M50 3250 0023 80 103
aiin | " depth 130 4 940 20 14.15 5355 4850
js |[ ":m Cose shofts, 10 to 30 fon capacly, 10-5,/8" diam,, 20° depth 175 346 13.85 14,90 10.50 39.25 50.50
g D 30" depth 20 267 1295 1085 7.65 345 40
i -_-\jﬁG 30 1o 60 fon copacity, 12" diameter, 20 dapth 160 400 19.40 16,15 11.50 47.15 5950
g | 0 40° depth B0 278 490 1130 8 um o#
s 80 10100 ton copacity, 16 diamater, 20 dogth 160 400 50 1825 N0 5525 68.50
| 10" dpt 20 178 % TE 530 55
0 | o 110 fo 140 ton copority, 17-5/8° diameer, 20° depth 160 400 i 1625 1150 S5 N
0 | 10" dogth 2278 75 N3 g 680 57
0 o 140 1o 175 ton copaciy, 19" diamefer, 20" dapth 130 492 3250 20 15 6665 6250
g | I?[ﬂﬂ A0’ dapth 20305 30 1240 8.75 5.5 82
0 w Over 30 long, LF. cast tends o be lower
1 Mximum depth is ohout 90° e o o o o
) 316399 - Drilled Concrete Piers and Shafts N
~ ¥16399.13 Uncased Drilled Concrete Piers -
‘ 10 UNCASED DRILLED CONCRETE PIERS
f’m Unless specified othervise, not indl. il cops or moblization
__’35'3 Castin place augered piles, no cosing or reinforcing
4 B” diometer B43 540 089 VLE 1 32 180 11.93 1450
. 4 10" dameter 180100 620 142 540 1522 1830
339
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31 62 Driven Piles
316233 - Drilled Micropiles _
Daily ~ Labor- 2010 Bure (osis g
3162 33.10 Drilled Micropiles Metal Pipe Cew Ouiput Howrs Unit  Moteril  lobor Equipment  Told | jpjqy 31
5080 More than 40" B48 135 415 VLE 5 15.30 7 62.30 'E_FEEE u
5120 Friction, loose sond and govel 107 . 523 43 19.30 7750 89.80 03 Eﬁ
5160 Danse sand and grovel 135 415 25 15.30 7 62301 By J{
5200 Uncased, up fo 10 tan copacity, 20° - 135 415 25.50 15.30 7 52,80 754 3
il S : . - e L v
M i
31 63 Bored Piles A
31 6396 — Drilled Caissons il
31 63 26.13 Fixed End Cassion Piles o “;33'
0010 * FIXED END CASSION PILES R31632640 e ;3
0015 Including excovation, concrete, 50 Ibs reinforcing %
0020 per (.Y, not inel. mobilization, boulder removal, disposal ;5
0100 Openstyle, machine diled, o 50" deep, in stable ground, no ;?
ono casings or ground water, 18" diom., 0.065 CY./LE B43 200 240 VLE 7.40 8.70 12.95 2.5 % o
0200 24" digmeter, 0.116 CY./LE 190 253 13.55 .15 13.65 36.35 i m
0300 30" diometer, 0.182 CY./LE 150 320 21.50 11.60 17.25 50.35 i "
(0400 36" diometer, 0.262 CY./LE 125 384 30.50 13.90 20.50 54.90 150 5
0500 48" diometer, 0.465 CY./LE 100 480 54.50 17.35 b 9185 18 I
0400 807 diameter, 0.727 CY/LE 90 533 8 w3 » 13330 1% I
0700 72" diometer, 1.05 CY./LE 80 400 123 1150 3250 177 i 3y
(80D 84" diomater, 1.43 CY,/LE 75 640 167 3 34.50 224500 %9 N
1000 For bel excovation and concrete, odd "
1020 4 bell diometer, 24" shafr, 0.444 C.Y. B43 20 2400 fo 43 87 130 260 5 1
1040 & bell diomarer, 307 shoft, 1.57 LY. 510 840 152 305 455 012 1,15 4
1040 8 bell diomater, 36" shoft, 3.72 Y. 240 0 340 725 1075 2160 1,700 §
1080 9" bell diometer, 46" shaft, 4.48 (Y. P 435 870 1,300 2,605 3,00 _3
1100 10" bell diameter, 607 shaft, 5.24 Y. 170 28.235 510 1,025 1,525 3,060 30 0
120 12" bell diometer, 72" shaft, .74 C.Y. 1 48 830 1,725 2,600 5,175 6,425 .
1140 14" bell diometer, 84" shaft, 13.6 CY. J0 685N 1,315 1475 3,700 7,500 9300 d
1200 Open style, machine dilled, fo 50° deep, i wet ground, pulled i'
1300 casing ond pumping, 18 diometer, 0.065 C.Y./LE. 848 160 350 VLE 7.60 12.90 18.45 38.95 1850 .
1400 24" diorneter, 0.176 CY./LE 125 448 13.55 16.55 73.50 §3.40 ]
1500 30 diomeger, 0.182 CY,/LE 35 659 21.50 24.50 34.50 80.50 9850
1600 36" diamater, 0.262 CY,/LE 0 933 30.50 34,50 19 114 140
1700 48" diometer, 0.465 CY,/LE B49 55 1.600 54.50 61.50 of 183 el |
1800 40" diometer, 0.727 C.Y./LF 35 2514 85 96.50 106 20750 30 |
1900 72" diometer, 1.05 CY./LF 0 2933 13 n2 3 358 443
2000 84" diometar, 1.43 CY./LE 5 3520 167 135 148 450 55
2100 For bell excavation and concrete, odd !
w0 4 bell dinmeter, 24" shaft, 0.444 CY, B48 19.80 2828 o 43 104 149 9% o
04 &7 bell diomeger, 30" shoft, 1,57 C.1. 570 9.825 152 365 515 1,032 1,30
2460 8" bell diometer, 36" shoft, 3.72 C.Y. 240 23333 360 860 1,225 2,445 3,00
2180 9 hell diometer, 48" shaft, 4.48 (.Y, B49  3.30 26.667 435 1,025 1,125 2585 3,005
2200 107 bell diometer, 60 shoft, 5.24 C.Y. 1.80 31.429 510 1,200 1,325 3085 3,850
7700 12" bell dinmeter, 72* shatt, 8.74 CY. 160 55 50 2,100 7300 5,250 6,700 -
1240 14" ball dinmeter, 34" shaft, 13.6 (Y. 1 it 1,325 3375 3,700 3,400 10,700
2300 Open style, maching diilled, 1o 507 deep, in soft rocks ond
7400 medium hard shales, 18" diometer, 0.065 C.Y,/LE B49 S0 1.760. MLE 1.60 67.50 74 90 1%
2500 24" diometer, 0116 CY./LE 02933 355 M 123 ugsy
2600 30" diometer, 0.182 LY /LF 0 4400 50 169 185 550 4B
2700 36" dimeter, 0.262 CY/LE 15 587 050 225 246 sorso  6so
2600 48 diameter, 0,465 CY/LE 10 8800 5450 335 370 75950 W
338
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Unit Masonry
oncrete Masonry Units :
| Daily Labor- 2009 Bare Costs Total
04 92 10.44 Glazed Concrete Block { Crew Quiput Hours Unit | Moterial  Labor Eqmpmam Totol Ind 0&P
{71500 | Cove base, 8" x 16", 2" thick | D8 | 3157027 | LE Ir n | 472 [ 1572 1935
it 0! 4 thick { | {25040 | I 715) 520 [ ozl sgs
i 1600 6" thick [ 251151 | 7700 540! 271330071895
;;? 650 8 thick o [245 00630 b 8004 - 608] [ 1415) 1830
103
1310
.15;' 042416 - Manufactured Adobe Unit Masonry
135, 0424 16.06 Adobe Brick
i OD!U ' ADOBE BRICK, Semrsmhdlzed with cement mortor | ; i i i |
a8t 0oé0 Biick, 10" x 4" x 14", 2.4/SF [CliD8 560 07| SE{ 354 265 E 619 7.95
95T 0080 | 1273 4"x 16", 23/SE G} | 1804069 | | 450 25 Looo7osl o ass
3 000 | 107 % 4" % 16", 2.3/S.F G i | | 5% 068 i ookl s 6791 850
555 020 & x4 x 16", 2.3/5E Gl | w0 0 330 245 5990 770
805 1 0140 X167, 23/5F - 540 | 074 2550 275 530 7
965 0 0140 6" x 4" 16", 2.3/SE [s] 540 074 2580 275 533 7
35 0180 4412, 30/5EF € 520 077 229 286 5150 685
B 0200 8 x4 x 12", 3.0/5 Gl 5 50 07 4 2520 286 5381 7.0
W 04 25 Unit Masonry Panels
"5 042520 - Pre-Fabricated Masonry Panels e i
15 04 25 20.10 Brick and Epoxy Mortar Paneis -
78 0010 BRICK AND EPOXY MORTAR PANELS _
o 0020 Prefabricated brick & epoxy martar, 4” thick, minimum G2 795 093 SE 9.25 4.07 2.44 15.76 19.90
E_m 0100 Makimum "0 144 1075 630 378 08 7
40 0200 For 2" concrete back-up, odd 50%
0300 or 1" urethane & 3" concrete back-up, odd 1 0%

i 042710 - Multlple-Wythc Masonry

" 0427 10.30 Brick Walls o
9 0010 BRICK! WMI.S |'|c|uumg mortar “excldes sccrfFoIdmg
0020 Esfimating by number of brick

0140 Face brick, 4" thick wall, 6.75 brick /S.F. 08 145 27.586 M 830 1,025 1,855 2475
= 0150 Common brick, 4" thick wall, 8.75 brick/S.F. 1.60 0 25 { 430 930 1,360 1,875
k] 0204 6 thick, 13.50 bricks per S.F. 180 22222 a5 s 1,270 1,750
) 0250 12" thick, 20.25 bricks per S.F. 1.90 21.053 450 780 1,230 1,675
%0 0304 6" thick, 27.00 bricks per S.F 2 0 455 745 1,200 1,625
10 500 Reinforcad, face brick, 4" thick wall, 6.75 brick /S.F. 140 28.571 870 1,050 1,920 2,550
5 0520 Comman brick, 4 fhick wall, 6.75 brick/S.F. 1.55 25.806 470 960 1,430 1,975
50 0550 8" thick, 13.50 bricks per S.E. 175 22.857 485 250 1,335 1,825
0600 12" thick, 20.25 bncks per S.F. 1.85 21.622 490 805 1,295 1,775
0850 16" thick, 27.00 bricks per S.F. 195 20.513 495 760 1,255 1,700
0790 Alternate meshod of figuring by square faor
50 0800 Foce brick, 4" thick woll, 8.75 brick /5.5, 4 U5 .86 SE 560 .90 2.50 16.65
0 0850 Common brick, 4" thick wall, 6.75 brick /5.5, 40 167 2.90 5.20 210 12.60
0900 3 thick, 13.50 bricks per S.F. 135 1% 5.05 i 705 23.50
J 1000 12" thick, 20.25 bricks per S.F. 95 AN 210 15.45 2475 33.50
ae
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Appendix F

R Value Analysis
The Heat, Air and Moisture Building Science Toolbox - V.IB-E/U (11)
WALL SECTION AND PROJECT
(°F) TEMPERATURE GRADIENTS (°F) | Name Pershing Hill Elementary
160- — //; /1/—'”’” Number 1
=2l i et . e
= e Int. City Washington, DC
140 =[ - _ 140 o e
=l i Date 3/4/2010
1.~ i 7
120 :E // o —| 120 | Analysis by: Mitchell Reiner
— //f
= | Wall Type Option
100 g F— 100
4 : H{ ] // e S
ol B B % CLIMATIC CONDITIONS
80 |5y |-k i i . 80
8| = =12 o e | Winter Summer
1 =T i , ,
60 E ; = 7 60 Int. Ext. Int Ext.
l 7~ 'z Temp (°F) 70 15 75 95
40 |- ~ /, DpcH 40 | RH (%) 25 0 70 | 50 57
- ’,7// ————— /7/" i DPT(F) 33 | 9 56 78
=\ _ ?/ . PENNSYLVANIA
= 2 1 STATE UNIVERSITY
— 4
—1 /] 20 104 ENGINEERING, UNIT A
I =Winer L Sufattier 1 UNIVERSITY PARK, PA, USA, 16802
Generic Material Manufacturer Model No. T}_]iCk Rval \V.Toemp, Sfl::mp.
(in.) (R) (°F) (°I)
1 brick (TTW), 4 in. No Recor... ___(}Emeric,.. 4.00 0.64 17.8 94.1
2 cavity, 3/4 in. - No Rc;f:_og‘_._._. Generic... 0.75 0.69 | 'Z_Q__ﬁ_ 93.1
3 cavity, 1 in. ~ NoRecor... Generic...  1.00 0.98 245 916
4 rigid ins. (extru.), 2 in. No Recor...  Generic...  2.00 1027 654 76.7
5 paper, stand., (_81111)_ No Recor... __Gﬂeric.“ 0.01 0.12 65.9_ _7‘6,5
6  block, 8 in. No Recor...  Generic... 8.03 .03 70.0 75.0
~ Total or (Layer 0) o 1579 1373 (153)  (95.0) |
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Appendix G
AACPS School List

Elementary Schools . .. Continued

Principel Projected Year Grades

North Glen (1172) 615 West Furnace Branch Road  Julle LittleMcVearry 257 1959 Prek5
410-2226416 Glen Bumie 21061 ECI
Oak HIll (2172) 34 Truckhouse Road Deneen Houghton 521 1971 Prek—5
410-2226568 Sevema Park 21146
Oakwood (1182) 330 Oak Manor Drive Nancy Knouse 291  1957/-1992 Prek—5
410-2226420 Glen Bumie 21061 ECI
Odenton (3172) 1290 Odenton Road Tracey Ahem 336  1930/+1961/+1970 K5
410-2226514 Odenton 21113 +1971/+1972/+1991
Overlook (1192) 401 Hampton Road Kristie Battista 205  1955/+1958 K-5
410-222-6585 Unthicum 21080
Park (1202) 201 East 11th Avenue Walter Jackson 369  1943/41996 Prek—5
410-2226593 Baltimore 21225
Pasadena (2182) 401 East Pasadena Road Janis Hom 364  1955/42008 K5
410-2226573 Pasadena 21122
Porshing Hill (3182) 1925 Reece Road Tasheka Sellman 165 1960 K5
(at Meade Helghts ES) Ft. Meade 20755
410-2226519
Plney Orchard (3242) 2641 Strawberry Lake Way Karen Balley 536 2000 K5
410-672-7591 Odenton 21113
Point Pleasant (1212) 1035 Dumbarton Road Lisa Koennel 538 1958 (Bullding I) Prek—5
410-2226425 Glen Bumle 21060 1967 (Bullding Il)
Quarterfiold (1232) 7967 Quarterfield Road Jennifer Green 452 1969 Prek—5
410-222-6430 Sevem 21144 ECI
Richard Henry Lee (1242) 400 A Street Christopher 483  1957/41972 K5
410-2226435 Glen Bumie 21061 Wooleyhand
Ridgeway (3192) 1440 Evergreen Road Vickle Wardell 609  1956/41999 K5
410-2226524 Sevem 21144
Rippling Woods (3392) 530 Nolfield Drive Gwen Atkinson 667 1974 Prek—5
410-2226440 Glen Bumie 21061
Riviera Beach (2192) 8515 Jenkins Road Kathleen Panagopulos 262  1955/+1971/+2001 K5
410-2226469 Pasadena 21122
Rolling Knolls (4232) 1985 Valley Road Jane Taylor 434 1963 Prek—5
410-2225820 Annapolls 21401
Seven Oaks (3092) 1905 Town Center Boulevard Lisa Leltholf 606 2007 Prek—5
410-222-0937 Odenton 21113 ECI
Severn (3202) 838 Reece Road Veronica Willlams 477  1932/+1962/1985 K5
410-5516220 Sevem 21144
Severna Park (2202) 6 Riggs Avenue Janice Tourre 334 1937/+1964/+1992 K5
410-2226577 Sevema Park 21146

Side (4242) 4859 Atwell Road Deborah Short 438 1971 K5
410-2221621 Shady Side 20764
Shipley's Cholee (2432) 310 Governor Stone Parkway Rocco Ferrett] 431 1988 K5
410-222:3851 Millersville 21108
Solley (2212) 7608 Solley Road Robert Wagner 596  1937/41995 Prek-5
410-2226473 Glen Bumie 21060
South Shore (3212) 1376 Fairfield Loop Road Linda Ferrara 240  1957/41997 K5

410-222-3865

Crownsville 21032

* Addition/R { + R

/Total R {
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Appendix H

Geothermal Life Cycle Analysis

Energy Cost Energy Cost Maintance Discounted Cash Discounted Cash
Year | Installation Cost Escalation Savings Cost Net Cash Flow | PV Factor Flow PV factor Flow
1% 1.68%
0 $726,023 0.00% $ {736,023.00) 1 ) {736,023.00) 1 S (736,023.00)
1 8.00% $2,395 S 2,395.23 0.990 S 2,371.52 | 0.9834776 | 2,355.66
2 8.00% 5 2,586.85 S 2,586.85 | 0980 |[S§ 2,535.88 | 0,.9672281 | § 2,502.07
3 8.00% 5 2,793.80 S 2,793.80 0.971 S 2,711.63 | 0.9512472 | $ 2,657.59
4 8.00% 5 3,017.30 $ 3,017.30 | 0.961 S 2,899.57 | 09355303 | 5 2,822.78
5 8.00% S 3,258.69 $ 3,25869 | 0.951 S 3,100.53 | 09200731 | $ 2,998.23
6 8.00% S 3,519.38 S 3,519.38 0.942 S 3,315.42 | 0.9048712| $ 3,184.59
7 8.00% 5 3,800.93 S 3,800,93 0.933 S 3,545.20 | 0.8899206 | S 3,382.53
8 8.00% s 4,105.01 S 4,105.01 0.923 S 3,790.91 | 0.8752169 | & 3,592.77
9 8.00% 5 4,433.41 S 4,433.41 0.914 S 4,053,64 | 0.8607562 | $ 3,816.08
10 8.00% S 4,788.08 S 4,788.08 0.905 S 4,334.59 | 0.8465344 | 5 4,053.27
11 8.00% [ 5171.13 $ 5,171.13 0.896 S 4,635.00 | 0.8325476 | 5 4,305.21
12 8.00% S 5,584.82 S 5,584.82 0,887 S 4,956.24 | 0.8187919 | $ 4,572,80
13 8.00% $ 6,031.60 S 6,031.60 0.879 S 5,299,74 | 0.8052635 | S 4,857.03
14 8.00% S 6,514.13 S 6,514.13 0.870 S 5,667.05 | 0.7919586 | $ 5,158.92
15 8.00% s 7,035.26 $ 7,035.26 0.861 S 6,059.82 | 0.7788735 | $ 5,479.58
16 8.00% S 7,598.08 $ 7,598.08 0.853 s 6,479.81 | 0.7660046 | $ 5,820.17
17 8.00% $ 8,205.93 ] 8,205.93 0.844 s 6,928.90 | 0.7533484 | § 6,181.92
18 8.00% S 8,862.40 S 8,862.40 0.836 S 7,409.12 | 0.7409012 | 5 6,566.17
19 8.00% $ 9,571.39 S 9,571.39 0.828 S 7,922.63 | 0.7286598 | $ 6,974.29
20 8.00% $ 1033711 s 10,337.11 | 0.820 S 847172 | 0.7166205 | $ 7,407.78
21 8.00% $ 11,164.08 5 11,164.08 0.811 5 9,058,87 | 0.7047802 | $ 7,868.22
22 8.00% $ 12,057.20 S 12,057.20 0.803 5 9,686.71 | 0.6931356 | 5 8,357.27
23 8.00% $ 13,021.78 S 13,021.78 0.795 S 10,358.07 | 0.6816833 | 8,876.73
24 8.00% $ 14,063.52 S 14,063.52 0.788 S 11,075.95 | 0.6704202 | $ 5,428.47
25 8.00% $ 15,188.60 5 15,188.60 0.780 S 11,843.59 | 0.6593432 | $ 10,014.50
26 8.00% $ 16,403.69 S 16,403.69 0.772 S 12,664.43 | 0.6484493 | § 10,636.96
27 8.00% $ 17,715.98 ] 17,715.98 | 0.764 5 13,542.17 | 0.6377353 | § 11,298.11
28 8.00% S 19,133.26 s 19,133.26 0.757 5 14,480.73 | 0.6271984 | § 12,000.35
29 8.00% $  20,663.92 5 20,663.92 0.749 S 15,484.35 | 0.6168356 | $ 12,746.24
30 B.00% $  22317.04 S 22,317.04 0.742 S 16,557.52 | 0.606644 | $ 13,538.50
31 8.00% §  24,102.40 S 24,102.40 0.735 S 17,705.07 | 0.5966207 | $ 14,379.599
32 8.00% $  26,030.59 S 26,030.59 0.727 S 18,932,16 | 05867631 | § 15,273.79
33 8.00% S 28113.04 S 28,113.04 0.720 S 20,244.29 | 05770684 | § 16,223,15
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34 8.00% S 30,362.08 $ 30,362.08 | 0.713 $ 21,647.36 | 0.5675338 | 17,231.51
35 8.00% $  32,791.05 $ 32,791.05 | 0.706 5 23,147.67 | 0.5581568 | 5 18,302.55
36 8.00% $ 3541433 $ 35414.33 | 0.699 5 24,751.96 | 0.5489347 | 5 19,440.16
37 8.00% S 38,247.48 $ 38,247.48| 0.692 5 26,467.44 | 0.5398649 | $ 20,648.47
38 8.00% S 41,307.28 § 41,307.28 | 0.685 ) 28,301.82 | 0.530945 |5 21,931.50
39 8.00% S  44,611.86 $ 4461186 | 0.678 $ 30,263.33 | 0.5221725| $ 23,295.09
40 8.00% $  48,180.81 5 48,180.81 | 0.672 $ 32,360.79 | 0.513545 | $ 24,743.01
41 8.00% $ 52,035.28 $ 52,035.28 | 0.665 $ 34,603.62 | 0.50506 |$ 26,280.94
42 8.00% $  56,198.10 S 56,198.10 | 0.658 $ 37,001.89 | 0.4957152 | § 27,914.45
43 8.00% $  60,693.95 $ 60,693.95 | 0.652 $ 39,566.38 | 0.4885082 | 5 29,649.49
44 8.00% $  65,549.46 $ 65,549.46 | 0.645 $ 42,308.60 | 0.4804369 | $ 31492.38
45 8.00% $ 70,793.42 5 70,793.42 | 0.639 $ 45,240,88 | 0.4724989 | $ 33,449.81
46 8.00% $  76,456.89 $ 76,456.89 | 0.633 $ 48,376.39 | 0.4646921 | § 35,528.91
47 8.00% $  82,573.44 5 82,573.44 | 0.626 $ 51,729.21 | 0.4570142 [ § 37,737.24
48 8.00% $ 8917932 8 89,179.32 { 0.620 $ 55,314.40 | 0.4494633 | § 40,082.83
49 8.00% $  96,313.66 5 96,313.66 | 0.614 $ 59,148.07 | 0.442037 [§ 42,574.21
50 8.00% S 104,018.76 5 104,018.76 | 0.608 5 63,247.44 | 0.4347335 [ $ 45,220.44

NPV $ 205,577.08 NPV 5 {1,167.90)
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Appendix I

Pre-Fabricated System Schedule

1D Task Name Ouration Start Finish Predecesscrs R T =
1 i TIW T F[S|ISIM[TWITIF[S[sM[T W[T]
1 |Sitework Contractor 1day? Wed&/M00S Wed 681009 (—]
2 ;&mmltals 44 days Tue 7709 Fri 9/4/09
3 [Stone Construction Entrances Jdays Wed 6/10/09 Fri 612/08
4 Install Sediment Traps 12days Mon 6/15/09  Tue 6/30/09 3 -t
5 Construction Fencing Sdays Mon 6509 Fri 619093
& |Clearing and Grubbing 10days Tue 81109  Mon 824000222345
7 |Site Demolition Sdays Tue 8/25M%  Mon 8/31/09 62223
8 |Strip Topscil and Stockpile 5days Tue 8109 Mon 97087
9 |Complete Site Grading 10 days Tue 9809 Mon 921409 &
10 |Building Pad 20days Wed 9/16/09 Tue 10/13/00 25
11 Settlement Period at North Side of Pad 15days Wed 1041403 Tue 11/3/09 10
12 | Set Control Hubs and Building Comers Jdays Wed 10/14/09 Fri 10M16/08 10
13 |install Water Systems and Site Utilities 35days Mon 1041908 Fri 12/4/08 12
14 |Install Temp Roads 10days Mon 127098  Fri 12180913
15 Install Curb, Gutter, and Sidewalk 19days Wed 7/14M10 Mon 8/3/10 61
16 |Install Asphalt Walks 4days  Tue 81010 Fri 813710 15
17 |[Soft Play Areas Sdays Mon 8/16M10 Fri 820110 16
18 |Seeding 3days Mon 872310  Wed 8251017
19 |Permanent Fencing 15days  Thu 8/26M0 Wed 9151018
20 \Abatement Contractor 1day? Wed&M008 Wed&/10/09 [—]
[Submilttals 10days WedB6/10/08  Tue 623109 —_— ]
|Phase 1 Building Abatement 18 days Mon 7/4/0%  Thu 7/30/08 21
|Phase 2 Bulldng Abatement 12days  Mon 7/20/09 Tue 8409 21
|Demolition Contractor 1day? Wed&M0/0S Wed&M009 =1
|Submittals 10days  Tue 7/7/08  Mon 7/20/08
I&lild'lng Demolition 30 days ‘Wed 2/5/08 Tue 8/15/09 23,25
|Conerete Contractor 1day? Wed&/M0/09 Wed&/M10/09 [—]
|Submittals and Review 35 days Tue 8405 Mon 9/21/08
|Fabricate and Deliver Rebar 30days Wed %2309  Tue 1130928
Area A Concrele Footings 23days  Mon 11/803  Wed 12/9/09 29,10
Area A Slab on Grade 24 days Thu 121003  Tue 1121030
Area A Slabe Cure Period Sdays Wed 11310  Tue 111910 31,231
\Area A Slab Repair Tdays Wed1/20M10  Thu 1/28/10 32,4837
" lArea B Concrete Footings 23days Wed 11/4/03  Fri 12/4/08 10,11
35 lArea B Slabon Grage 15days Wed 12/8/05 Tue 12/29/09 34,54
36 |Area B Slabe Cure Period Sdays Wed 12720008 Tue 1/5M0 35
37 Area B Slab Repair Gdays  Wed 1/6110 Wed 1131036
38 Area B Pour Slab on Deck 17days  Tue 42710 Wed 5/19/10 69
39 Area C Concrete Foolings 24 days Wed 11/25/09 Mon 12/28/08 10
Task S Milesione @ Extenal Tasks G
ﬁc??wﬂlﬂeme?gmu Spiit - o Summary 7 P Extemnal M &
Progress s Project Summary [eSs———) Deadline &
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1D Task Name Ouration Start Finish Predecesscrs R T =
| o : i TIW[T FS|S[M|IT W TIF[S|[S M[T W[T]
\Area C Slab on Grage 7 days Tue 2010  Wed 21710 39,242
\Area C Slabe Cure Period Sdays  Thu 2MBM0  Wed 22410 40
\Area C Slab Repair Tdays  Thu 2/25M10 Fri /510 41
\Area C Pour Slab on Deck 18days Wed5/19/10 Mon 61410 72,58
|Mascnry Contractor 1day? Wed 81009 Wed 610/08 [—]
45 Submittals and Review 42 days Men 8308 Tue 92909
46 |CMU at Concrele Foolings to SOG at Gym/Café 3days Mon 1V12009 Wed 10/14/09 66,45
CMU at Concrete Foctings to SOG at remaining area A 3days Thu 1/15/09 Mon 10/19/08 46 45
|CMU Bearing Walls at Gym Cafetenia 10days Thu 1272409 Wed 1/6/10 180.45,45 47,78
|CMU Bearing walls at remaining area A 12 days Thu 1/7HO Fri 12210 48
|Brick above area A GymiCafé Roof Jdays Fri /28010 Tue 2/2/10 33,49
|Wash Brick above area A Gym/Café Roof 3 days Wed 2310 Fri 2/5M10 50
|Exterior Brick Veneer Area A 9 days Men 2/810 Thu 2118110 51
53 :Eﬂeﬁor Brick washdown Area A 4 days Fri 219110  Wed 2/24/10 52
54 |CMU Wall at Feolings to S0G Area B 4days Wed 11408 Men 11/8/09 10,1145
55 |CMU Bearing/Stair Walls Area B 11days  Mon 1/25M10 Mon 2/8/10 49 45
56 |Exterior Brick Veneer Area B 10days Tue5M1M0  Mon 524/10 191,52
|Exterior Brick Washdown Area B Tdays  Tue 52510 Wed 6/2/10 56
|EMU Wall at Footings to SOG Area C Sdays Mon 1272109 Fri 1202509 47 14
/CMU Bearing/Stair Walls Area C 9 days Men 2/8M0 Thu 3/18/10 55,42
|Exterior Brick Veneer Area C-Media Room Tdays  ThuGR24M0 Fri 7/2M0 63, 42,74
|Exterior Brick Veneer Area C 7 days Moen 7/5M10  Tue TA3M0 132,60
|Exterior Brick Washdown Area C Gdays Wed 71410 Wed 77211061
-~ Area C Interior CMU Walls-Foor 1 Tdays TueBM5M0  Wed 6/23/10 72.74.43
\Area C Interior CMU Walls-Foor 2 Tdays  Thu 624710 Fri 7/210 63
|Steel Contractor 1day? WedG/10/09 Wed&M0/09 [—]
‘Submittals and Review 50 days Mon 87309 Fri 10v8/08
67 |Fabricate and Deliver 78days Mon 10/12/09  Wed 1/27/10 66
4 Area A Roof Joists and Metal Deck 32 days Fri 219710 Mon 4/5M10 33,52
Area B Structural Steel 16days  Tue 323010  Tue 47201055
Area B Roof Joist and Metal Deck T days Men 6710 Tue 615/10 38,7169
Area B CMU Wall Supports ddays  Wed &21110 Fri 472310 69
\Area C Structural Steel 14days  Thu 42910  Tue 51810594269
3 lArea C Roof Joist and Metal Deck 17days ThuB/24110  Fri 7/16/10 63.43.70
\Area C First Floor CMU Wall Supports Jdays Wed 5/19M10 Fri 52110 72,59
\Area C Second Floor CMU Wall Supports Jdays Mon 7/1810 Wed 7211073
General Weorks Contractor 1day? Wed&M00S Wed 81008 (—]
\Submittals and Review 56 days Mon 87303 Mon 10/13/09
78 |Fab and Deliver Bearing Wall HM Frames-Area A 30 days Tue 10/20/08 Mon 11/20/08 77
Task — Milesione @ Extenal Tasks G
?&?';g:."ﬂﬂemgygmu Spiit s SUMMENY 7 P Extenal M &
Progress ==  Project Summary (===l Deadline &
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1D Task Name Ouration Start Finish Predecesscrs R T =
| i i . - i TIW[T FS|S[M|IT W TIF[S|[S M[T W[T]
79 Fab and Deliver Bearing Wall HM Frames-All Remaining A 1day? Tuel12A/09 Tue 12HM09 78
B0 Area A Architectural Louvers Gdays  Fri 22610 Fri 3/5/10 125.52,77
81 Ajuminum Entrance Canopies 10days  Tue 8/24M10 Mon S/6M10
82 Café/Gym Sound blanket and Drywall 13 days Moen 2/8M10  Wed 2/24/10 51 48
83 |Block Fill CMU Walls 12days  Thu 624710 Fri 7/8/10 49,5563
84 Area A Paint Prime and First Finish Coat 15days  Mon 71210 Fri 7/30M10 74.77.83.62
85 Area A Ceiling Grid 7 days Mon 8210 Tue 8M0/10 84,233 157
85 Area A Paint Second Finish Coat 10days  Fri11/510 Thu 111810 234,215,84
87 |Basketbell Backboards in Gym Sdays  Fri 111910  Thu 1172510 86
\Area A Drop Celling Tiles 2days  Tue12@M0  Wed 12/8M10 158
Area AVCT Tdays Thu12MA0  Fri12A7/10 88,867
\Area A Doors and Hardware Gdays Mon 12/2010 Mon 12/27/10 83
\Areas B & C Architectural Louvers Tdays Mon 81610  Tue B/24/10
|Area B Drywall-Floor 1 12days Wed7/2110  Thu 8/510 142
\Acea B Paint Prime and First Finish Coat-Fl 1 4 days Fri 8610  Wed 81110 92
4 \Area B Ceiling Grid-F1 1 Sdays  Thu 81210  Wed 8/18/10 93,160
\Area B Paint Second Finish Coal-FI 1 2days Wed 82510  Thu 8/26/10 217,160,83
Area B Drop Ceiling Tiles-F1 1 2 days Fri 10/8M10  Mon 10/11/10 164
\Area BVCT-FI 1 Bdays Tue 101210  Thu 1021110 86
\Area B Doors and Hardware-F1 1 Gdays Fri102210  Fri 10/28M1087
‘Area B Drywall-Floor 2 12days Thu8M2M10  Fri 827/10 93,240
\Area B Paint Prime and First Finish Coat-F| 2 4days  Tue 83110 Fri %/3/1099,194,238,198
\Area B Celling Grid-Fl 2 3 days Mon 5610 Wed /810 100
102 Area B Paint Second Finish Coat-FI 2 2days Tue 9/14M0 Wed 9/15/10 241,161,162
103 |Blevator Installation 10days  Thu 9M6M0  Wed 972910 147,241
104 Area B Drop Ceiling Tiles-Fl 2 Zdays  Mon 111110  Tue 11/2/10 98,87
105 Area BVCT-FI 2 Sdays Wed 11310 Fri 111210 104
106 |Area B Doors and Hardware-Fl 2 Gdays Mon 1111510 Mon 11/22/10 105,185
107 Area C Drywall-Floor 1 12days  Fri9M0M0  Mon 9/27/10 244
108 Area C Paint Prime and First Finish Coat-F1 1 Gdays  Thu 3010  Thu 1070 107.208,100
109 |Area C Ceiling Grid-Fi 1 Sdays  Fri10/810 Thu 10/14/10 108
110 |Area C Paint Second Finish Coat-Fl 1 4days Tue 10A2M0  Fri 10/15M10 108,209.247
111 |Area C Drop Celling Tiles-Fi 1 Jdays Tue 11/2310  Thu 1172510 155,109.205,154
112 Area CVCT-FI 1 Sdays  Fri11/26M0 Wed 12/8M10 111
113 lArea C Doors and Hardware-Fl 1 Gdays Mon 1211310 Thu 1222310 118
114 |Area C Drywall-Floor 2 12days  Fri10/1110 Mon 1011810 165
115 |Area C Paint Prime and First Finish Coat-Fl 2 4days Tue 10910  Fri 10/2210 114,110
116 Area C Ceiling Grid-FI 2 Sdays Mon 10/2510  Fri 10/29/10 115
117 |Area C Paint Second Finish Coat-Fi 2 4days Wed 11310 Mon 11/8/10 104,166,115
Task — Milesione @ Extenal Tasks G
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1D Task Name Ouration Start Finish Predecesscrs e e
| i . - TIW[T FS|S[M|IT W TIF[S|[S M[T W[T]
118 |Area C Drop Ceiling Tiles-FI 2 2days Thu12@A0  Fri12A0/10 112.116.88,111
118 [Area C VCT-FI 2 Tdays Mon 12/1310 Tue 1221110 118
120 |Area C Doors and Hardware-Fl 2 Tdays Fri12/2410  Mon 1/3/11 119,113
121 |Roofing Contractor 1day? Wed6/10/08 Wed 861008 —
122 [Submittels 22 days Tue 9108 Wed 930109
123 Area A Roof Dry-InfFlashing at Gym/Cafeteria 3days  Mon 1/2510 Wed 12710 49,122
124 |Complete Roof Ballast at Gym/Café 4days  Thu 1/28M10 Tue 2/210 123,122
125 |Area A Roof Dry-In Flashing at Remaining Area A 5 days Fri 2118M0  Thu 2/25M10 52,122
126 |Complete Roof Ballast at remaining area A 3 days Fri 272610 Tue 3210125
26days  Mon 11/6M0 Mon 121310 188,122

128 Area B Roof Dry-In Sdays WedB/MEM0  Tue 6/22/10 56,70,122
129 |Complete B2 Roof Ballast 2days Wed 62310  Thu 6/24/10 128,122
130 Area B Dryin at low area B1 Roof 2days  Fri6/2510  Mon 6/28/10 129.70
131 Complete B1 Roof Ballast 2days  TueB/28M0 Wed 63010 130
132 |Area C Roof Dry-In above Media Room 3days ThuB/24M0  Mon 6/28/10 63
133 \Comp Roof Ballast above Media Room 3days  Tue6/29M10 Thu 7HM0 132
134 |Area C Roof Dry-In at C2 Roof 5 days Tue 82110  Mon &8/10 143,62
135 Area C1 Downspout/Gulter/Facia/Soffit 2days Tue 82310 Wed 84710 143
136 Complete C2 Roof Ballast 3days  Thu&MA0  Mon 8/8A0 135
137 [Install Parapet Coping 15days Tue 121410  Mon 1/3/11 127.81
138 Windows Centractor 1day? Wed6M10/09 Wed6M10/09 (—]
139 Submittals and Review 38 days Tue 9105  Thu 102209

‘ab and Deliver Exterior Windows G8days  Fri 1023009  Tue 1/26M0 139
141 |Area A Exterior Window Installation 6days  Fri 22610 Fri 3/5/10 125,140
142 |Area B Exterior Window Installation & days Fri 672510 Tue 7/6/10 129,128,140
143 Area C Exterior Window Installlation 11days Mon 71810  Mon 82110 73,140
144 |Kitchen Equipment Contractor 1day? Wed6M0/08 Wed6M10/09 -
145 |Submittals and Review 38 days Tue 8109 Thu 102208
145 Walk-In Instalied 9 days Fri 521110 Wed 6/2110 232,179,145
147 |install MEP Hook-Ups Sdays Mon 81610 Fri 8/20/10 16
148 |Install Kitchen Equipment Sdays Tue 12/28/10 Mon 1/3/11 90
149 [Health Department Inspection 5days Tue 17411 Mon 1110/11 148
150 [Casework Confractor 1day? Wed6M0O0S  Wed 61009 -
151 Area A Casework 4days  Fri 111910 Wed 11/24/10 66,186
152 Area B Basework-FI 1 10 days Fri@@no  Thu 81610 95,162,161
153 |Area B Basework-Fl 2 10days  Fri/1710  Thu 830410 102,152
154 |Area C Basework-Fl 1 10days Tue 10/26M0  Mon 11/8/10 205
155 Area C Basework-F1 2 10days  Tue 11810 Mon 11/2210 117
156 |Technical Wiring 1day? WedBM10/08 Wed 610/09 -
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1D [Task Name Duration Start Finish |Prede°essm === S

| : i i | TIW[T FS|S[M|IT W TIF[S|[S M[T W[T]
157 |Area A Pull Datal Voice Wiring 7days Wed8MA0  Thu 6A7/10 233
158 Area A Wall Mounted Devices 4days  Fri 111910 Wed 11/24/10 85
159 |Area A Termination and Testing Tdays Fri11/26M10  Mon 12/6/10 158,687,151
160 |Area B Pull Data/ Vicice Wiring-F 1 7 days Fri 7/810  Mon 7/19/10 237
161 Area B Wall Mounted Devices-Fl 1 4days  Mon 873010 Thu S2M10 95,194 220
162 |Area B Pull Data/ Voice Wiring-Fl 2 7days Wed 872510 Thu %210 217
163 Area B Wall Mounted Devices-Fl 2 4days  Thu SM6M0  Tue 92110102
164 |Area B Terminaticn and Testing 12days Wed 22110  Thu 107110 163,198
165 Area C Pull Data/ Voice Wiring-F1 1 7 days Tue 9THO0 Wed 91510 207
166 |Area C Wall Mounted Devices-Fl 1 4days Tue 10/26M0  Fri 10/2910 115,167
167 Area C Pull Data/ Voice Wiring-Fl 2 Tdays  Fri10/1510 Mon 10/25/10 109
168 |Area C Wall Mounted Devices-Fl 2 4days Wed 11110110 Mon 11/15/10 117,210,154
169 |Area C Termination and Testing 16days Tue 111610  Tue 127/10 168
170 |Mechanical Contracter 1day? Wed&M10/08 Wed6A10/00 -
171 Rooflop Submittals and Review 43days  Mon 87303  Wed 9/30/09
172 |Area A Coordinated Drawings 44days  Mon 8308  Thu 10/1/09
173 |Area B Coordinated Drawings-Fl 1 33days Mon 10/5/09 Wed 11/18/09
174 |Area B Coordinated Drawings-Fl 2 33days  Thu 111903 Mon 1/4/10 173
175 \Area C Coordinated Drawings-F1 1 33days Thu 111808  Mon 14/10
176 |Area C Coordinated Drawings-Fl 2 33 days Fri 1810 Tue 22310
177 |Fabricate and Deliver Equipment S54days Thu 10108 Tue 1211508171
178 |Gas and Domestic Water Services 16days  Mon 11/8/08  Mon 11/30/00 229
179 [Set Gas Meter and Exterior Chiller Sdays  Mon3M@HM0  Fn 3M2M10 183,176.14
180 Area A Underground Plumbing 10days Thu 121008 Wed 12/23/09 30
181 Area A Ductwork st Gym/Cafeteria 10days  Thu 1/28M0  Wed 211010123
182 |Overhead Plumbing Rough-in at Gym/Cafeteria Bdays Thu2M110  Mon 22210 181
183 |Pumbing Insulation in Gym/Cafeteria Sdays  Tue 22310 Fri 3/5/10 182

|Boiler Room 25 days Fri 272610 Thu 41110 125
185 |Area A Rough-in 19days Thu4/28M0  Tue 52510 141,172
186 Boller Inspection 10 days Fri4210  Thu 41510184179
187 |Area A OH Mech and Plumbing Insulation Sdays Wed 5/26M0 Tue B1/10 185
188 \Area A Final Ceiling Inspection 1day Fri 11/510 Fri 11/5/10 234,215,146
189 |Area A Testing and Balancing Sdays Tue 12/26M0 Fri /711 90
1590 |Area B Underground Plumbing 12days Mon 12/7/08  Tue 12/22/08 34
151 |Area B Ductwork-Fl 1 14days Wed 42110  Mon 510/10 69
192 |Area B Mech and Plumbing Rough-in F11 16days Wed5/26M10 Wed 6160 185,173
193 |Area B Mech and Plumbing Insulation-F1 1 4days Wed 62310  Mon 6/28/10 128,182
194 Area B Final Celling Inspection-F1 1 1day Fri 8/27TH0 Fri 8271095
195 Area B Testing and Balancing-Fl 1 Gdays Mon 830110  Wed %/8/10 134
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1D [Task Name

196 /Area B Ductwork-Fl 2

197 |Area B Mech and Plumbing Rough-In F12
198 Area B Mech and Plumbing Insulation-Fl 2
199 |Area B Final Ceiling Inspection-FI 2

200 |Area B Testing and Balancing-Fl 2

201 Area C Underground Plumbing

202 |Area C Ductwork-Fl 1

203 |Area C Mech and Plumbing Rough-in FI 1
204 |Area C Mech and Plumbing Insulation-Fl 1
205 |Area C Final Celling Inspection-Fl 1

206 Area C Testing and Balancing-F1 1

207 Area C Ductwork-F1 2

208 Area C Mech and Flumbing Rough-In FI 2
205 Area C Mech and Plumbing Insulation-FI 2
210 Area C Final Ceiling Inspection-F| 2

211 |Area C Testing and Balancing-Fl 2

212 |Fire Protection Contractor

213 FS Coordinated Drawings

214 |Area A Sprinkler Rough-In

215 Area A Sprinkler Drops and Heads

216 Area B Sprinkler Rough-In FI-1

217 |Area B Sprinkier Drops and Heads Fi-1
\Area B Sprinkler Rough-In Fi-2

215 |Area B Sprinkler Drops and Heads FI-2
220 |Area C Sprinkler Rough-in Fi-1

221 |Area C Sprinkler Drops and Heads Fi-1
222 lArea C Sprinkler Rough-In FI-2

223 |Area C Sprnkler Drops end Heads FI-2
224 Install Sprinkler Head Escutcheons at All Areas
225 Blectrical Contracter

226 |Submittals and Review

227 Coordinated Drawings

228 |Fab and Deliver Equipment

229 |Site Temporary Lighting and Power

230 Underslab Elecirical at Gym/Cafeteria
231 Area A Underslab Electrical

232 Area A Electrical Rough-In

233 Area A Pull Power/ Lighting Wiring

234 Area A Drop Lights

Duration Start Finish Fredecessors

14days  Fri6/2510 Wed7/14/10 129,174
13 days Wed 7710 Fri T/23M10 142,174
4 days  Mon 7/26M0 Thu 7/29/10 197
1day Wed 81510 Wed 9/15/10 219,241
Bdays Tue 112310  Thu 12/2/10 106.195
14days  Tue 1/510  Fri 1221017558
20days  Mon 7/1810  Fri 8131073175
20days Wed 7/14/10  Tue 8/10/10 61,175,193
Gdays Wed 81110 Wed 8/18/10 203
1day Mon 10/2510 Mon 10/25/10 221,245,115
11 days Tue 111141 Tue 1/25M1 113,169,200,224
16days Mon 8/16M0 Mon 3610 202,136,176
14 days Fri 811010  Wed 9/29/10 244,176
5days Thu /2010 Wed 10M10 208,103
1day Tue 11810 Tue 11/2M10 117,223,248
Tdays Wed1/26M11 Thu 2/3/11 206,169,120
1day? WedB/M00S Wed6M10/08 [—]
110days Wed 11/408  Tue 45610
Gdays  Wed6/210  Wed 6/9/10 185,187
Bdays Wed8M1110 Fri 820010 85,214
6 days Tue 511110 Tue 5/18/10 191
4days  ThuBMOAM0  Tue B/24/10 94,198
Gdays Thu7ASA0  Thu 7722110 196.216
4 days Thu 8810 Tue 8/14/10 101
Tdays Tue8M0M0  Wed 8/18/10 134
4 days Fri 1041510 Wed 10/20/10 108
6 days Tue 9710 Tue 9/14/10 207,204
4days  Mon 1171110 Thu 11/4/10 116
Sdays  Tue 1MA1  Meon 140/1 223,120
1day?  Wed /1008 Wed 610109 -
42 days Mon 87303 Tue 9/29/09
117days  Mon 10/509  Tue 316/10 226
65days  Wed /30008 Tue 12/29/09 226
15days Men 10/19/09 Fri 11/6/09 12
Jdays Tue 10/20005 Thu 10/22/09 47
Jdays Wed 12/30/09 Fri 11110 235,177.228.230
21 days Thu 42210 Thu 520M10 126,53,227
13 days Fri 572110 Tue 6/8M0 232
Bdays Tue 102610 Thu 11/4/10 85,167
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1D [Task Name

235 Area B Underslab Electrical

236 Area B Blectrical Rough-In FH-1

237 |Area B Pull Power/ Lighting Wiring Fl 1
228 Area B Drop Lights FI 1

238 Area B Blectrical Rough-In FF2

240 |Area B Pull Power/ Lighting Wiring FI 2
241 |Area B Drop Lights FI 2

242 |Area C Underslab Electrical

243 |Area C Electrical Rough-In FI-1

244 |Area C Pull Power/ Lighting Wiring Fl 1
245 |Area C Drop Lights F1 1

246 |Area C Electrical Rough-In FI-2

247 \Area C Pull Power/ Lighting Wiring FI 2
248 Area C Drop Lights FI 2

249 Al Project Team Members

250 |Final Building Inspection

251 |Obtain Use and Occupancy Permit

Duration Start Finish iP:edecessm

3days Wed 12/2309  Fri 12/25/00 190,230.54
12days Woed 5/26M0 Thu 61010 185,227
6 days Thu 710 Thu 7/8/10 183,131,236
4days Wed&/2510  Mon 82010 217
Sdays  Thu 72210 Tue &/73/10 142
Gdays  Wed 8410 Wed 81110 239
3days Thu 8810 Mon 813/10 101,162
3days Mon 172510 Wed 127110 201
14days  Tue 81010 Fri 8271075,143,227
Sdays  Mon 82010 Thu 9810 243
5 days Fri 101510 Thu 1021110 108
11 days Fri 910110 Fri 82410 244,227
11days  Mon %2710 Mon 10/11/10 246,222
4days  Mon 1111710 Thu 11/4/10 116
1day? Wed 61009 Wed 610/09 [—]
7 days Fri 27411  Mon 2M14/11 137,211,195,189,1
1day  Tue 21511 Tue 2115711 250

TWIT [ F S|S[M[T WITIF[S|S M[T W[T]
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Appendix J

LEED Checklist

LEED 2009 for Schools New Construction and Major Renovation Project Name
Project Checklist Date
10/ 14| |Sustainable Sites Possible Points: 24 Materials and Resources, Continued
Y N ? Y N2
K3 prereqt  Construction Activity Pollution Prevention [2] leredits  Materials Reuse 1t02
Y[ [ Jperear E tal Site 2| |cresita  Recycled Content 1102
1] leredtt  Site Selection 1 2| |credits  Regional Materials 1102
| 4| | |credrz  Development Density and Community Connectivity 4 1| |cedits  Rapidly Renewable Materials 1
1| | leedes  Brownfield Redevelopment 1 4] lereit7  Certified Wood 1
i AI_ _|credit41  Alternative Transportation—Public Transportation Access 4 E :
1| | |ceansz Altemative Transportation—Bicycle Storage and Changing Rooms 1 [9] 9] Indoor Environmental Quality = Possible Points: 19
| 2 crecit4.3  Alternative Transportation—Low-Emitting and Fuel-Efficient Vehicles 2
| n|. crect44  Alternative Transportation—Parking Capacity 2 prereqt  Minimum Indoor Air Quality Performance
HU,_ |eredts.s Site Develapment—Protect or Restore Habitat 1 brereq2z  Enwironmental Tobacco Smoke (ETS) Control
1 _ |credits2 Site Development—Maximize Open Space 1 preregd  Minimum Acoustical Performance
1] credit6.1  Stormwater Design—Quantity Control 1 leredit 1 Outdoor Air Delivery Monitoring 1
" [ 1| |ceatsz Stormwater Design—Quality Control 1 leredita  Increased Ventilation 1
[ 1] |eedtrr Heat island Effect—Non-roof 1 " lerditss  Construction 1AQ Management Plan—During Construction 1
" 11| leedit7z Heat Island Effect—Roof 1 credit32  Construction IAQ Management Plan—Before Occupancy 1
71| | Jcedts  Light Pollution Reduction 1 lcreit4  Low-Emitting Materials 1104
| 4| lerdits  Site Master Plan 1 1 “lerdrs  Indoor Chemical and Pollutant Source Control 1
..I._ | | leedtio Joint Use of Facilities 1 1| | |eedres Controllability of Systems—Lighting. 1
) 1| | Jemaxez Controliability of Systems—Thermal Comfort 1
[ T11] " |water Efficiency Possible Points: 11 1 |eredit 7.1 Thermal Comfort—Design 1
) 1| |eredt72 Thermal Comfort—Verification 1
j prereq1  Water Use Reduction—20% Reduction M | |creditss Daylight and Views—Daylight 103
[ 4] eredtt  water Efficient Landscaping 2to4 | [ 1| |ceatsz Daylight and Views—Views 1
| 2| |eeatz  Innovative Wastewater Technologies 1 1| |cedies  Enhanced Accustical Performance 1
|4 creait3  Water Use Reduction lto4 || 1] jcredtio  Mold Prevention 1
| 1] erears  Process Water Use Reduction 1 s
| T&| linnovation and Design Process Possible Points: 6
[[1]32[ |Energy and Atmosphere Possible Points: 33
1| |cedttt Innovation in Design: Specific Title 1
H_ prereq1  Fundamental Commissioning of Building Energy Systems O 7| credt 1.2 Innovation in Design: Specific Title 1
LY prereqz  Minimum Energy Performance B[ F __. “eat 1.3 Innovation in Design: Specific Title 1
Y|  Prereqd  Fundamental Refrigerant Management 1| |eedit14  Innovation in Design: Specific Title 1
19 Joedtt  Optimize Energy Performance 1019 1] |oearz  LEED Accredited Professional 1
7| lcedtz  OneSite Renewable Energy 1107 | | 1| |eedts The School as a Teaching Tool 1
|| 2| |edts Enhanced Commissioning 2 e
1| | lcmdts  Enhanced Refrigerant Management 1 [T 1 |Regional Priority Credits Possible Points: 4
2| |cedts  Measurement and Verification 2
|| 2] |erects Green Power 2 [T T Jeeart  Regional Priority: Specific Credit 1
| |eedit12  Regional Priority: Specific Credit 1
Materials and Resources Possible Points: 13 _H | |eedit1s Regional Priority: Specific Credit 1
o L | Joredt1s Regicnal Priority: Specific Credit 1
[Y]|  rereq1  Storage and Collection of Recyclables i
[ 2] Joedtrs Building Reuse-Maintain Existing Walls, Floors, and Roof 1102 [20[85] |Total Possible Points: 110
|1 credit1.2 Building Reuse—Maintain 50% of Interior Non-Structural Elements 1 1049 paints  Siiver 5010 59 points  Gold 60 to 79 polnts  Platinum 80 ta 11
b ceditz  Construction Waste Management 1t02
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