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EXECUTIVE SUMMARY 
The following report contains four in-depth analyses that focus on some of, if not all of, the 

following core areas of investigation: Critical Industry Issues, Value Engineering, Constructability 

Review, and Schedule Reduction/Acceleration.  Additionally, a mechanical redesign breadth and a 

structural breadth were performed in an attempt to validate changing the current fully 

geothermal system to a hybrid system. 

Analysis #1: Mechanical System 

The results of this analysis and subsequent breadth validated changing the current 

geothermal mechanical system into a hybrid system.  The results showed that with a minor 

structural redesign the roof of the mechanical room would be able to support a 352 ton cooling 

tower.  Due to the cooling and heating load characteristics of the building it was found that a fully 

geothermal system was not the most efficient system.  By using a cooling tower to supplement the 

peak load conditions the upfront cost of installation would be cheaper by $1,347,349.40 and it 

would take over 200 years for the fully geothermal system to prove more cost efficient. 

Analysis #2: Solar Energy Conversion System (SECS) 

The owner’s goal for this project was to create a state-of-the-art educational facility, 

particularly in the field of science and technology.  If a photovoltaic array were incorporated into 

the building it could possibly serve an educational function while saving money on utility bills.  

For this analysis a PV array was designed with an upfront cost of roughly $660,000 with a payback 

period just under five years.  Additionally if this system were chosen to be implemented it could 

be installed in a timely manner and have little to no impact on the project schedule. 

Analysis #3: Alternate Delivery Method 

Due to several delays on the project, poor communication, and problems associated with 

the construction drawings the construction management agency was put under a lot of pressure.  

The current CM @ Risk delivery method did not provide them with much leverage when it came 

to dealing with subcontractors and they suffered from that as a result.  This analysis compares the 

current delivery method against a design-build delivery system.  The findings showed that a 

design-build approach would increase construction and delivery speeds, reduce cost and schedule 

growth, foster more collaboration between parties, and reduce owner risk.  However it would 

reduce owner input as well. 

Analysis #4: Façade Prefabrication 

In an attempt to reduce the project schedule a prefabricated façade system was 

investigated.  It was found that this approach added an additional 8% to the current price of the 

façade.  With this considered, it is still suggested that a precast façade be implemented because it 

reduces the schedule by 6 weeks, would create a cleaner site, allow for higher quality control, and 

be safer among other things.  
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Introduction 
 The original high school at this 

undisclosed location was completed in the early 

60’s and over half of it has never been renovated.  

Due to this, the Prince George County Public 

School District (PGCPS) saw a need to build a 

replacement school.  The project consists of a 

255,000 SF school, a field house, 6 tennis courts, a 

football field surrounded by a track, a baseball 

field, a softball field, and a soccer field.  Hess 

Construction + Engineering Services has been 

contracted to build this $74.25 million project, 

which does not include the cost of demolition (See Figure 1 for a rendering of the school). 

 The project entails the demolition of the existing school and the construction of a new 

state-of-the-art facility. The new school is located within close proximity of the present one so 

that it can be tied into the existing gymnasium which was completed in 2003.  The new three 

story building consists of two, three story classroom wings, a connecting atrium, an auditorium, 

cafeteria, administrative offices, culinary labs, and auxiliary gym facilities connected to the 

existing gym. In the heart of the building is a large rotunda and spiral stair case topped with a 

curtain wall that serves as an architectural feature. Typical finishes consist of painted CMU and 

abuse-resistant gypsum drywall, tile, resilient 

flooring, and acoustical tiled ceilings. 

 The exterior for the building is comprised 

of 4 differently colored Trenwyth/Prairie Stone 

ground-face CMU blocks, prefabricated 

architectural Aluminum faced plastic core panels, 

Phenolic panels, corrugated steel panels, 

perforated aluminum panels, and translucent 

curtain-walls. The windows are aluminum with a 

low-E insulating glass.  The roof is primarily built-

up-roofing with a white cap sheet on top of fiber 

glass insulation to reduce the heat island effect.  

 The school has been designed to achieve a LEED Gold rating by acquiring no less than 39 

points under the US Green Building Councils LEED® Green Building Rating System ™ for New 

Construction. The majority of the projects points will be coming from Sustainable Sights and 

Indoor Environmental Quality. Several ways this rating will be achieved is by focusing on 

alternative transportation, water efficiency, reducing the heat island effect of the roof, 

recycling/managing construction waste, and using Low-Emitting Materials.  However the 

building falls short of capturing any points for day lighting and renewable energy.   

Figure 1: New Facility 

Figure 2: Classroom Wing GF CMU Facade 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=lGGMEqYK1LBryM&tbnid=wSPGcGoSjuviqM:&ved=0CAUQjRw&url=http://www.hessedu.com/project.php?ID=38&ei=VPJMUdHnL4Ta8ASetoHYBA&bvm=bv.44158598,d.dmg&psig=AFQjCNFb_LjFCoCZRFA6W-OsTkxvrD0LGg&ust=1364083662761715
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Client Info 
Prince George’s County Public Schools (PGCPS) is a district located in the state of 

Maryland.  Their mission is to “advance the achievement of its diverse student body through 

community, engagement, sound policy, governance, accountability, and fiscal responsibility.”  

PGCPS oversees over 200 schools in 9 different districts. 

 The reason PGCPS is replacing the existing high school is because over 50 percent of the 

buildings are over 40 years old and haven’t seen any renovations in that time. Based on academic 

program requirements and existing conditions of the facilities the Board and State were able to 

justify approving the construction of a new school.  Originally the project was designed for a 

capacity of 2,300 students because of projected enrollment growth in the area.  Unfortunately, the 

State did not approve the student capacity because of a surplus of seats in high schools.  This 

caused a redesign in the building which omitted one of the three classroom wings reducing the 

schools capacity to 1,200; which correlates more closely with current enrollment trends. 

 PGCPS, more specifically the current tenants of the existing high school, have several 

concerns with the construction of the new school primarily stemming from the fact that the two 

are in such close proximity.  First and foremost they are concerned for the safety of their students 

and staff, because construction will be taking place concurrently with the present school year.  

They have expressed concerns about heavy equipment, noise levels, fumes, and dust control.  Due 

to this HESS Construction has been able to implement strategies and schedule activities to 

mitigate these concerns.  Another hot topic has been the issue of available parking.  With all of 

the work taking place, most of the existing parking has been taken over and torn out.  To remedy 

this HESS has turned over a temporary parking lot to be used until the final lot is complete.  

Additionally any and all utility shut downs must occur during non-school hours. 

 The School is scheduled to be complete in August 2013 for the start of the school year.  

However, temporary occupancy may be granted in some areas of the building as long as it does 

not interfere with the completion of other construction activities.  The new high school will meet 

the owner’s needs by providing a much needed up to date, state-of-the-art facility for its students.    
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Project Delivery Method 
The delivery method used for this project is a CM at Risk, Cost plus Fee with a GMP.  This 

delivery system was chosen because of the economic climate and the intrinsic benefits it has for 

the owner.  Over the years HESS Construction has been able to foster a longstanding relationship 

with PGCPS which has helped them secure many projects with the district.  HESS prides itself on 

only pursing jobs in education and for this reason, claims to be able to provide a much better 

product than their competitors.  

 PGCPS holds contracts with the architect, construction manager and a third party 

consultant.  HESS construction holds lump sum contracts with all of their subcontractors and 

prequalifies each one based off of relevant quantitative experience, requisite skills, project 

capacity and work history.  All subs were required to submit a Bid Bond on AIA Document A-310 

issued by a surety licensed to issue bonds in the state of Maryland with their bids.  The bond 

capacity had to be at least 95 percent of the largest possible total of bids submitted. 

 If for some reason the subcontractor awarded is unable to carry out the contract they 

would then be responsible to pay HESS the difference in their contract, amount and the 

subsequently hired sub, as liquidation damages. 

 For a visual representation of the contracts held on this project reference figure 3. 

 

Figure 3: Project Delivery Method 
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Hess’ Project Team 

 

Figure 4: Hess Staffing Plan 

  

Figure 4 depicts the staffing plan used on this project.  Hess assigns their teams based on 

project size and complexity.  Throughout the course of the project this team will be altered 

depending on the needs of the project.  During the beginning phases of the job only the Field 

Engineer and Site Superintendent are on site every day.  As time progresses and construction 

starts to pick up the rest of the project staff from the PM down move out to the field full time 

with the exception of the MEP Superintendent who splits his time between two different jobs.  As 

time progresses the MEP Superintendent starts dedicating more time to the job and the Site 

Superintendent starts phasing out.  By the time the job is about to be turned over the only two 

people dedicating all of their time to the job are the Project Admin and Field Engineer.  
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Project Schedule Summary 
 The project schedule on this job is of 

extreme importance.  Although the entire job is 

scheduled to be completed in 3 years, Hess only 

has 18 months to construct a brand new school, so 

it is imperative that the project team not fall 

behind.  The notice to proceed for this job was 

given on the 1st of December 2011, two months after 

it was supposed to, and the school must be 

complete and turned over in August for the 2013 

school year.  

There are four major phases to this project.  

The first of which deals with the construction of 

the high schools building pad, football stadium, 

football field house, and tennis courts.  This phase 

is scheduled to start at the notice to proceed and 

be completed in 240 days.  The building pad preparation, rough grade and utilities are on the 

critical path and need to be completed in order to start foundations.  In order to prepare the 

building pad the site had to be cleared of all existing features.  This included the partial 

demolition of the existing gymnasium.  Once the site was cleared, fill had to be brought on site 

and compacted to provide adequate bearing for the schools foundation.  This whole process took 

approximately 65 days, at which point the foundation work began. The rest of the items 

mentioned in this phase are not on the critical path and therefore not as important to complete 

on time. 

Phase 2 overlaps with phase 1 and relates to the construction of the school and the work 

associated with that task.  In all, this phase is scheduled to take 385 days.  The erection of the sub 

and superstructure are on the critical path followed by the enclosure, rough-ins, and finishes.  

Because of the size of the building there is substantial overlap between these activities so that 

multiple activities could occur simultaneously.  The path of construction for this work went from 

section F to E, to D, to G, to C, to B, to A (reference Figure 5).  This staggering can also be seen in 

the schedule for interiors; however there is much more overlap in different section of the 

building.  Substantial completion for the new school is set for July 25th 2013, and final completion 

is set for September 20th 2013. 

At the completion of phase 2 partial demolition of the existing school commences to make 

way for a new bus loop.  Once this phase is complete phase 4 begins with the demolition of the 

rest of the building and a parking lot is placed on the footprint of the old school.  When it is all 

said and done the whole project will be completed on July 25th 2014. 

A detailed schedule of 150 line items can be seen in Appendix B.  To keep the schedule 

concise only the most important and significant activities are listed. 

Figure 5: Building Section Breakdown 
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Local Conditions 

Soils and Subsurface Conditions 
For this project GEOTECH ENGINEERS, INC. performed 37 test borings and soil 

laboratory tests in order to prepare a geotechnical report.  It was found that the majority of the 

soils on-site were clays with a water table ranging from 12 to 17.7 feet below grade.  Through these 

findings they recommended using controlled fill for the building support, compacted to at least 

95 percent per ASTM D-1557.  The existing grade of the proposed building footprint has an overall 

drop in elevation of 16 feet from elevation 185 to 169.  The design elevation for the slab-on-grade is 

184.4; this requires that a large quantity of fill be brought on site.  All existing areas within the 

outline of the building foundation must be removed and replaced with suitable fill if the current 

grade elevation is above 176.  Additionally any area where the existing soil is within five feet of the 

bottom of a footing it is to be undercut and replaced with control fill. 

Parking 

 

Figure 6: Arial View of Local Conditions 

Figure 6 illustrates the existing conditions of the local geography of the site. To the east 

and south the site is bounded by residential neighborhoods.  This poses a problem because the 

local municipality will not allow construction deliveries or parking to take place on these roads.  

The west provides no relief either because there is an interstate in the way.  To solve the problem 

of access and parking to the site a new road, from the south, was installed.  This road serves as 

both temporary parking for construction vehicles, and as the only means of access to and from 

the site. 
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Other 

 To protect against frost perimeter footings should be placed at a minimum of 2.5 feet 

below the final exterior grade. 

 Average tipping fees in Maryland run about $68/ton 

 High crime rate area 

o Concerns about break ins and thefts 

Site Plan for Existing Conditions 
 The existing conditions and site plans for this job can be seen in Appendix C.  The access 

road to the south is the only means of transporting materials to and from the site.  It also serves as 

parking for laborers. 

The “Site Clearing and Building Pad Fill Site Plan” illustrates the initial layout of the 

construction fence and entrance gates.  It also shows where the replacement school will be 

constructed and the key features of the site layout.  At this point in time there are no designated 

vehicular paths due to the amount of site clearing that needs to be done. 

 The next site layout displays the plan for the foundation and SOG.  At this point in the 

project the construction fence has been moved to create more room for construction activities.  

The portion of the new school that is faded illustrates the work that still needs to be completed.  

The area that is illuminated represents completed foundations and partial SOGs.  At this point in 

the project access paths have been established.  At the same time foundations are being installed 

on the west side of the site, wells are being drilled for the geothermal field in the east.  It can also 

be seen that a portion of the existing school has been demolished and the gymnasium has been 

left in place so that it can be incorporated into the new school. 

 The final site plan shows the layout for the superstructure.  It is at this time that a crawler 

crane is brought onto site and additional laydown areas are established. Due to a delay in the 

schedule a second smaller crane was brought on site to erect sections D and E. laydown areas for 

the cranes are placed both on the site near the building footprint and on the SOG.  Because the 

foundations have been poured there is no longer vehicular access through the center of the 

building. 
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Building System Summary 
The following information found on Table 1 describes key aspects of the design and construction 

of the building and its systems for this high school project. 

 

Yes No Work Scope If yes, address these questions / issues 

x   
Demolition  Types of materials, lead paint, or asbestos? 

x   
Structural Steel 
Framing 

type of bracing, composite slab?, crane  size / 
type / location(s) 

x   
Cast in Place 
Concrete 

Horiz. and Vert. Formwork types, concrete 
placement methods 

  x 
Precast Concrete Casting location, connection methods, crane 

size / type / location(s) 

x   
Mechanical 
System 

Mech. Room locations, system type, types of 
distribution systems, types of fire suppression 

x   
Electrical System size / capacity, redundancy 

x   
Masonry Load bearing or veneer, connection details, 

scaffolding 

x   
Curtain wall Materials included, construction methods, 

design responsibility 

  x 
Support of 
Excavation 

Type of excavation support system, 
dewatering system, permanent vs. temporary 

 

Table 1: Building System Summary 

Demolition 

 There is a significant amount of demolition involved in this project, the majority of which 

will take place after the completion of the new school.  Special considerations regarding asbestos 

abatement will have to be taken when demolishing the existing school structure which was 

erected in 1959, along with its several additions.  However, the existing gymnasium which was 

completed in 2003 will remain and tie into the new high school. 

 Other Items to be demolished are the existing parking lots, football field/track, bus loop, 

and walkways.  See highlighted items on figure 7 for visual representation of items to be demoed. 
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Structural Steel Framing 
 The new high school is a combination of both CMU load bearing walls and structural 

steel.  The columns for the building are hollow structural steel (HSS) members and wide flange 

beams supported by at least an 18” by 18” concrete pier on spread footings.  Columns are spliced at 

the third floor level for areas D, E and F.  All wide flange beams and girders conform to either 

ASTM A-572 or A-992 and are of grade 50 (50,000 KSI).  Lateral structural steel support is 

accomplished through the use of cross bracing in 33 different locations and welded moment 

connections in four bays. 

The floors-on-deck of the building are 

constructed of 3-1/4” light weight concrete on 2” 

galvanized composite steel deck with welded-

wire-fabric, and shear studs.  Roofs are 

comprised of 20 gauge 1-1/2” type B roof deck on 

K-Series and LH joists. 

 A 150 ton crawler crane was scheduled to 

place all structural steel for the building, but 

because of a loss of time in the schedule a 

second crane was brought on site to expedite 

construction. (Figure 8 depicts steel erection in 

section F) 

Figure 7: Demo Plan 

Figure 8: Steel Erection in Section F 
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Cast in Place Concrete 

 All cast in place concrete used on this project 

is designed per ACI 318-05.  Additionally all concrete 

is to have a compressive strength at 28 days of 4,000 

psi.   

 On this project CIP concrete pours were 

achieved by direct pours and by utilizing concrete 

pump trucks.  Normal weight concrete was used for 

the foundations, auditorium stage wall, and S.O.G., 

while light weight concrete was used for slab on deck.  

To form the auditorium wall interlocking panels were 

placed on an arced radius and temporarily braced 

(see Figure 9).  All other formwork was site 

constructed out of plywood and 2x4’s.   

Mechanical System 
 The mechanical room for the high school is 

located on the first floor in the south west corner of 

the building.  To ensure the building operates and 

performs as intended a Building Automation System 

(BAS) is used to observe and control the schools environment which is monitored both on and 

offsite.  If communication with the system is ever lost the controller will revert to its inherent set 

points. 

 The mechanical room has nine 30 ton water to water heat pump modules to manage the 

four geothermal fields and two geothermal vaults of 437 combined wells all at a depth of 400 feet.   

The 12” supply and return pipes for this system travel over 1,600 feet each, from building stub up 

to geothermal vault.  The fields encompass approximately 207,000 square feet and sit underneath 

the proposed football and baseball fields.  In addition to the nine modules the mechanical room 

also houses 10 pumps, four expansion tanks, two gas-fired hot water boilers, and a slew of other 

equipment. 

 There are two Dedicated Outdoor Air Systems (DOAS) with a combined 28,170 CFM 

capacity that serve the north and south wings of the building.  Each of these DOAS’s have a heat 

recovery wheel and are connected to three indoor air handling units (one on each floor of the 

classroom wings.)  In addition to this there are 17 separate rooftop air handling units, nine of 

which have energy recovery wheels.  To ensure a healthy indoor air quality all outdoor air intakes 

have an airflow monitoring system to measure contaminants in the air.  Air flow is distributed 

throughout the building in sheet metal ducts and zone controlled by VAV boxes. 

 Fire suppression for the school consists of an automatic sprinkler system with high 

temperature heads in conjunction with a heat and smoke detection system.  In locations where 

Figure 9: Auditorium Form Work @ Stage Wall 
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duct penetrates fire rated walls fire-dampers are installed.  The server room for the school (Rm. F-

255) works on a pre-action fire protection system to make sure the system doesn’t accidentally go 

off. 

Electrical System 

 The main electrical room is located in the south west corner of the building and is fed 

from two separate 2,500 KVA pad mounted transformers supplied by PEPCO just outside the 

building.  Each transformer ties into its own 3,000 amp 480/277 volt switchboard with ground 

fault protection.  A backup generator is located in close proximity to the building to power 

emergency equipment in the event of a power outage. 

 Additional panelboards and step down transformers are located throughout the building 

to supply power to all necessary equipment. 

Masonry 

 As was mentioned before, a large portion of this high school is constructed out of load 

bearing concrete masonry units (CMU’s).  Building sections A, B, C, and G are comprised almost 

entirely out of load bearing CMU walls.  These walls range greatly in thickness depending on their 

location in the building.  In some cases they serve as both structure and architectural façade.  

Much of the masonry units are placed off of scaffolding. 

Curtain Wall 
 The exterior for the school is comprised primarily of ground-face CMU and several 

different styles of wall panels.  Consideration was taken by the architect to pick materials that 

would complement the exterior façade of the existing gymnasium.  Additionally there are a 

number of glazed curtain walls with different glazing provisions that relate to their orientation on 

the building.  Due to the nature of the building façade, much of it will be installed off of 

scaffolding. 

LEED 

 This project has been designed to achieve a LEED Gold rating by acquiring no less than 39 

points under the US Green Building Councils LEED® Green Building Rating System ™ for New 

Construction.  The majority of the projects points will be coming from Sustainable Sights and 

Indoor Environmental Quality.  Several ways this rating will be achieved is by focusing on 

alternative transportation, water efficiency, reducing the heat island effect of the roof, 

recycling/managing construction waste, and using Low-Emitting Materials.  One of the most 

significant features is the use of geothermal energy, which is the utilization of the earth’s natural 

heat. Geothermal is an economical, pollution free and renewable source of heating and cooling.  

However, the building falls short of capturing any points for day lighting. 
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Constructability Challenges 
 

The soil that the proposed replacement school will sit on had been found to be unsuitable 

material by the geotechnical engineer.  The entire footprint of the building sat on moderately 

compressible fill that had been placed during the construction of the existing school.  This meant 

that all of the existing soil had to be undercut and controlled fill had to be brought on site.  Based 

on the geotechnical engineers recommendations the new fill had to be compacted to 95 percent 

of the maximum dry density as determined by ASTM D-1557.  The way HESS overcame this was by 

monitoring the settlement with the use of settlement plates to insure that the soil would not 

settle excessively.  This was a huge concern because even with the new fill, it was expected that 

the soil underneath it would still settle.  The settlement plates were installed prior to fill 

placement and were monitored every day before and during fill placement and for three weeks 

after the completion of new fill.  Foundations were not allowed to be placed during this time.  

 Another constructability challenge was that HESS was given a later than expected notice 

to proceed date.  On top of that S.A. Halac the structural subcontractor showed up on site two 

weeks late, which further impacted the schedule.  This was extremely important to overcome, 

because they were already working on a tight schedule, in which they had to get a 255,000 square 

foot high school built and occupied in 18 months.  This required them to find ways to shorten the 

critical path because 7 months into the project they were behind schedule by a month and a half.  

The way they overcame this was by accelerating their steel contractor by requiring them to bring 

a second crane on site.  This allowed for them to set steel in two different sections of the building 

simultaneously.  

 A third constructability challenge had to do 

with poor sequencing.  When the schedule was 

originally created not enough consideration was 

taken concerning school functions and the summer 

school timetable.  Operations such as temporary 

utility shut downs, road closures and specific 

construction activities had to be re-sequenced.  The 

project staff overcame this by regularly meeting 

with the school to find times when they would be 

allowed to complete the necessary work outside of 

the original time frame. 

  

Figure 10: Building Layout 
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Value Engineering Topics 
There were three notable instances of value engineering that were implemented on this 

job.  They were a reduction in school size, a change in finishes, and a change to the telecom 

package. 

 The biggest and most significant VE change was the reduction in the size of the school.  

The school was initially designed to have three educational wings as can be seen in Figure 11, but 

one of the wings was omitted (reference Figure 12) so that the project could stay on budget.  This 

seriously detracted from the goals of the owner because they wanted a school designed with 

population growth in mind, but it saved them $28 million.  As the building stands right now, it 

will not be large enough to accommodate all of the students enrolled there.  This means that the 

school will have to set up trailers to house the surplus of students. This was a large sacrifice that 

the owner had to make that they did not have control over. 

 

 In another attempt to save money, some of the finishes were changed as well.  For 

instance, instead of using custom casework throughout the school, the owner was forced to select 

casework with a more standard finish to stay on budget.  This was also the case when selecting 

floor finishes.  The owner was not very satisfied with having to make these decisions because they 

wanted the biggest, best, and nicest things for their school, but instead had to select a lesser 

product. 

One more way the owner tried to reduce costs was by changing the scope of the telecom 

package for the building.  Instead of having the contractor purchase and install all of the 

equipment, the school decided that they would buy their own equipment.  The contractor is still 

responsible for roughing in all of the data wire, but not for supplying the equipment.  Although 

Figure 11: Original Building Footprint Figure 12: Revised Building Footprint 
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this did not save the owner much it did negate the markup expense the contractor placed on the 

equipment.  

It can be seen that adhering to the budget provided by the state caused a lot of VE 

implementation, all of which the owner was not very happy to have to do.  The only VE change 

that was not accepted was the use of PVC sewer above grade in the building.  The reason this was 

declined was because it was not code-compliant since the building has plenum ceiling spaces. 
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Technical Analysis #1 – Mechanical System  

Problem Identification 
In order to complete this project with the provided budget the owner had to value engineer out a 

lot of high end features and equipment that they wanted to keep.  To address this I would suggest 

tweaking the current mechanical system because it has one of the most significant costs 

associated with the new high school.  The current mechanical system is a geothermal system 

consisting of 437 wells all at a depth of 400 feet.  By switching this to a hybrid geothermal system 

the owner will still get the benefits associated with geothermal wells, but should have money left 

over to add value to their building.  This reduction in cost would be related to the need to drill 

fewer wells, which are very expensive. 

Research Goal 

The goal of this topic is to perform a value engineering analysis of the current mechanical system.  

To do this I will further investigate geothermal systems and hybrid geothermal systems.  I will 

propose reducing the number of wells and modular geothermal heat pumps to reduce the costs of 

the mechanical system.  To regain the loss in heating and cooling capacity that this will cause I 

will implement a cooling tower and boiler into the system.  At this point I will determine if there 

are benefits associated with sizing down the geothermal fields and the implications that this 

would have.  I will then perform life cycle cost analyses of the two systems to determine the 

validity of this approach.  At this point, if there are any savings, I will determine what items they 

could be applied to that the owner had to value engineered out. 

Research Steps 

 Investigate the current geothermal well system 

 Determine the size of cooling tower and boiler needed for a revised hybrid geothermal 

systems 

 Redesign geothermal system by decreasing the number of wells and increasing the size of 

the mechanical equipment 

 Contact project team for cost information  

 Perform cost analysis 

 Determine constructability issues and perform a payback period analysis 

 

Resources and Tools to be used 

 Hess Construction contacts 

 Industry professionals 

 RS Means 

 Applicable literature & AE 404 notes 

 Mechanical classmates 

 AE department faculty 
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Preliminary Research 

 Hybrid geothermal systems are sometimes capable of providing an owner a more cost 

effective system than a strictly geothermal system depending on the geographical location and 

load requirements for a building.  This is because strictly geothermal systems are most efficient 

when the differences between the peak cooling and heating loads are within 10% of each other.  

When they are not it is more practical to supplement a portion of the peak cooling or heating load 

with a cooling tower or boiler, depending on which one controls. 

 A reason that some owners may shy away from a hybrid system is because they might be 

worried about compromising on environmental benefits.  However it is important to note that 

choosing a hybrid system does not sacrifice the environmental benefits of a fully geothermal 

system because the equipment does not operate frequently.  Instead, the supplemental equipment 

typically only runs during rare circumstances.  

 Figure 14 shows three case studies in which the rate of return for hybrid geothermal 

systems was faster than that of fully geothermal systems.  This makes sense when one considers 

Figure 13 which depicts the first cost of a geothermal system, hybrid system, and a conventional 

HVAC system.  By reducing the number of wells, which are very expensive, the overall cost of the 

system can be dramatically reduced. 

 

Figure 14: The Economics of Hybrid Systems Figure 13: First Cost Comparison 



April 3, 2013 SENIOR THESIS FINAL REPORT 

 

 
B r a d y  S h e e r i n | C o n s t r u c t i o n  M a n a g e m e n t  
 

Page 24 

Findings from Ensuing Breadths  

 

 Cost Savings from reduction of wells: $1,420,250 

 Cost of Cooling Tower (Including Shipping): $68,005 

o Running Cost for a typical year: $5,846.70 

o Yearly Maintenance Cost: $823  

 Cost of Structural Redesign: $4,896.60 

 Cooling Tower Operating Weight: 25,333 lbs. 

 Cooling Tower Shipping Weight: 11,664 lbs. 

Payback Period 

Table 2 depicts the difference in cost between the two systems.  Because the TRANE 

TRACE 700 modeling software could not model a geothermal system it was not possible to 

determine the difference between the yearly running and maintenance cost of the geothermal 

wells for the two systems.  For this reason it was assumed that the costs associated with the wells 

would be the same.  In reality it is likely that the cost of running the geothermal wells for the 

hybrid system would be lower because the pumps would be required to do less work, but the 

maintenance cost would be about the same.  The hybrid geothermal system includes the cost of 

the structural redesign, the cooling tower and its yearly running and maintenance costs. 

 

Table 2: Cost Difference between Systems 

Based on this information the total first cost for the Fully Geothermal system is 

$2,840,500, and the first cost of the hybrid system is $1,493,151.60 (price includes wells, cooling 

tower, and structural redesign).  Each year the hybrid geothermal system would cost $6,669.70 

more to operate than the current system.  Based on this it would take just over 202 years until the 

fully geothermal system would prove to be the more economical system (see figure 15). 

 

System Cost of Wells
Cost of 

Cooling Tower

Difference in Yearly 

Running Costs

Difference in 

Maintenace Costs

Difference in 

Structural Cost

Fully Geothermal $2,840,500.00 - - - -

Hybrid Geothermal $1,420,250.00 $68,005.00 $5,846.70 $823.00 $4,896.60



April 3, 2013 SENIOR THESIS FINAL REPORT 

 

 
B r a d y  S h e e r i n | C o n s t r u c t i o n  M a n a g e m e n t  
 

Page 25 

 

Figure 15: Hybrid vs. Geothermal Payback Period 

Constructability  

 On the current schedule there are seven months dedicated to geothermal well drilling.  By 

reducing the number of wells by half three months can be saved on this operation.  This means 

that construction on the baseball, softball and football fields can start sooner.  It is important to 

note that these items are not on the critical path so they will not affect the completion of the 

building.  Additionally, because the fields are so far away from where the school is being 

constructed there would be no benefit seen from less site congestion (see Figure 16). 

 

Figure 16: Current Geothermal Fields 
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 Another concern associated with a hybrid system is the additional structural concerns 

associated with putting a cooling tower on the roof of the mechanical room.  The actual process of 

placing the cooling tower does not pose a concern because the tower weighs less than 6 tons and 

there is a 150 ton crane already on site.  Figure 17 shows the proposed location of the cooling 

tower.  The tower is placed on the roof of the mechanical room so that it can be easily tied into 

the existing system. 

 

Figure 17: Proposed Location of Cooling Tower 

Conclusion 

 Based on all of the provided information and the results found during the mechanical and 

structural breadth it is advised that a hybrid geothermal system be utilized on this project.  

PGCPS would benefit from an upfront savings of $1,347,348.40 which they could use to invest 

back into the school.  If they were to set aside $500,000 of this savings they would have 

$847,348.40 left over to spend on the telecom package, the custom casework they wanted, and 

nicer finishes and the hybrid system would still be more cost efficient up until 75 years.  

 This $847,000 could also be used to cover the cost of the artificial turf football field which 

was bid as an alternate and came in at $680,000.  

 The findings of this analysis suggest that a strictly geothermal system at this site is not the 

most practical design for the geographical location and that a hybrid system would be more 

efficient.  
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Mechanical Breadth   

Current System Analysis 
 As previously mentioned the existing mechanical design for the school utilizes a vast 

geothermal well system. The well fields consist of 437 wells with a depth of 400 feet each with 

extensive lateral runs. Given that the soil conditions are sandy/silty soils, it is assumed that each 

well will offset a capacity of 1.6 tons of heating/cooling. Therefore, it is assumed that the well field 

will supplement approximately 700 tons.  

 With regards to mechanical equipment, the building utilizes nine 30 ton heat pump 

modules, which is the primary source of heating and cooling generation. Additionally there are 

nine exterior air handling units equipped with their own internal heat pump units to meet the 

varying heating and cooling requirements of their respective zones. The combination of these two 

heat pump configurations comprises a total of 342.2 tons of heating and cooling generation for 

the building. Although they do not make up any significant amount of thermal generation, it 

should also be noted that the building design also contains two packaged rooftop electric cooling 

units (12.3 tons), one small water source heat pump (3.2 tons), and one split system air-cooled 

computer room A/C (“CRAC”) unit (3.7 tons).  

 To analyze the mechanical requirements of the design, an energy model was created using 

the Trane TRACE 700 modeling software. This was done to determine the ratio of the heating to 

cooling load demand.  With this information it is possible to determine the practicality of 

implementing such an extensive and costly geothermal well field.  

 The following procedures and assumptions were made in the calculation of the building 

load and energy consumption:  

1. The building was broken up into 9 large zones based on use and conditioning 

requirements (see Figure 18):  

 

101. Gym – Existing Mechanical System To Remain                                                   

(not included in energy model) 

102. Cafeteria 

103. Kitchen Labs 

104. Classroom Wing 1 

105. Classroom Wing 2 

106. Lecture Hall 

107. Transition Spaces (All Corridors, Lobbies, and Open Gathering Spaces) 

108. Administration (Offices) 

109. Auditorium  
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Figure 18: Building Broken Up into Zones 

 

2. Take offs from the existing drawings were made for each of the respective zones to 

include:  

a. Floor Area (SF) 

b. Roof Area (SF) 

c. Wall Area (SF) and Orientation (off by a factor of 24 degrees East of South) 

i. North 

ii. South 

iii. East 

iv. West 

d. Floor Heights 

e. Occupancy density 

*See Table 3* 
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Table 3: Building Takeoffs 

 

3. This information was then input to the Trane Trace 700 energy modeling software 

utilizing the weather data for Washington, DC. This was found to be the closest region 

with comparable weather data for the location of the facility.  

 

4. The data was then input for the ventilation and internal load requirements specific to each 

room. This was done using baseline values from ASHRAE Tables 90.1 and 62.1 (see 

Appendix D) in conjunction with the prescribed alterations defined in the existing 

mechanical drawings (See Table 4).  

 

 

 

 

  

# Zone Name
Building 

Pieces
Floor (sf) N E S W 

Flat 

Roof
Roof Height Occ

# Extra 

Floors

Multi 

Story SF

101 Gym I-A,B 37700 4972 6537 6076 10608 20593 17033 43.4

102 Cafeteria II-C 19355 4973 1227 13826 1582 12590 9870 16 1397

103 Kitchen III-C 10343 - 5095 - 1583 10343 16 127

104 Classrooms III-D 20657 10455 1814 10826 3747 20657 - 45.4 1134 2 41314

105 Classrooms IV-E 15980 9360 2514 7601 3747 15980 - 45.4 918 2 31960

106 Lecture Hall N/A 2815 - - - 2064 2815 45.4 230

107 Transition 

Centrla Core 

& Atrium 5746 1813 - 434 1537 5746 45.4 120 2 11492

108 Admin V-B,F 26638 3368 8973 1790 - 22048 9291 35 385

109 Auditorium V1-G 31176 7336 7475 - 6271 7298 7856 51 1587

Takeoffs
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Table 4: Project Specific Ventilation Requirements 
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5. The envelope of the building was then translated into the energy modeling software. The 

existing wall types (as shown in Fig 19) were used to calculate the thermal integrity of the 

design.  

In comparing these values with the Minimum requirements for wall types in Zone 4 

(Shown in Figure 20) it is clear to see that the existing wall types greatly surpass these minimum 

requirements and as such will not need to be improved.  

  

Ground Face CMU Alum. Comp. 1 1/2" MTL 3" Mtl

Metal Stud 

Substrate 0.04143 0.04347 0.04124 0.03985

Masonry 

Substrate 0.08424 0.08423 0.08123 0.07965

Corresponding U Values

Figure 19: Envelope Wall Types 



April 3, 2013 SENIOR THESIS FINAL REPORT 

 

 
B r a d y  S h e e r i n | C o n s t r u c t i o n  M a n a g e m e n t  
 

Page 32 

 

6. The system of the building was then modeled to generate the basic load calculations. A 

system with a boiler for heating and air-water chiller for cooling was selected because 

Trace700 does not have any system settings for geothermal wells. It was found that the 

utilization of this configuration generated accurate building demand/load results.  

Additionally, heat recovery wheels were modeled in the air handling units to compensate 

for a minor reduction in building load. This was done to maintain accuracy with the 

existing system which has implemented a basic heat recovery wheel in each air handler.  

 

7. The following results were generated by 

the model. The ratio of which can be seen 

by Figure 21. 

 

i. Total Peak Heating Load: 275 tons 

ii. Total Peak Cooling Load: 738 tons 

  

Figure 21: Building Load Profile 

Figure 20: Zone Type by Geographic Location 
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8. In comparing this with the installed mechanical equipment design it was found that the 

energy model created was within a 2-3  % error range as shown by Table 5  

 

 

Table 5: Installed vs. Modeled Cooling Deviation 

 

9. Since the cooling demand load greatly exceeds the heating load requirements it is clear 

that the cooling load controlled in the design of the current geothermal system. The 

following breakdown of the cooling load was created to determine the amount of cooling 

being supplemented by the use of the 437 geothermal wells in conjunction with the 

installed equipment.  

 

 

  

Total Cooling Capacity Installed(Geothermal+Equipment) 718.47

Trace700 Building Cooling Load Profile 738

% Deviation 2.72

Figure 22 Existing Cooling Load Requirement Breakdown by Equipment 
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Mechanical Redesign 

Given the data collected above, it is suggested that a reconfiguration of the mechanical 

system be implemented to optimize the system efficiency while controlling first cost. The 

designed geothermal well system contains 437 wells at an installed price of $6,500 a well, resulting 

in a total upfront cost of $2,840,500. To help alleviate the financial restrictions associated with the 

project, it is proposed that a Hybrid geothermal system be used in place of the existing system to 

reduce upfront cost, while still providing an efficient, environmentally friendly solution.  

To achieve an appropriate redesign of this system it is recommended that the geothermal 

well fields be sized such that the heating and cooling loads offset by the wells are comparable.  

The remaining cooling load will then be supplemented by the installation of a cooling tower on 

the roof of the mechanical room. To determine an optimum ratio of heating to cooling the Trane 

Trace 700 energy model outputs were used to determine the typical weekly loads and peak load 

demand per month (see Figures 23 & 24) In comparing the heating and cooling load variation per 

month, it is determined that the new geothermal well field be sized to supplement 350 tons of 

cooling.  This results in a 50% reduction in geothermal wells which saves approximately $1,420,250 

in upfront costs.  Additionally as is shown by Figure 24, this configuration will be effective for the 

majority of days during a typical year. It can thus be assumed, that even in a worst case scenario, 

that the new cooling tower will only be used during the months of May through September.  

Figure 23: Peak Monthly Heating vs. Cooling Load 
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 This redesign results in a new building load profile that is depicted in figure 25.  This 

design is much more efficient than the existing one because the heating and cooling loads are 

within the 10% range previously mentioned.  

After determining the geothermal design capacity, a 352 ton cooling tower was selected to 

supplement the remaining cooling load. A Marley NC8407M-`1 steel cooling tower was selected to 

calculate the energy and payback values for 

the system redesign and structural breadth. 

(See page 34)  

 Based on the performance 

characteristics found on the spec sheet in 

Appendix E and the typical running 

expectations it was found that this cooling 

tower will cost $5,846.70 to run each year 

assuming a utility rate of 13¢/kWh and cost an 

additional $823/year to maintain.   

Figure 25: Revised Building Load Profile 

Figure 24: Typical Building Monthly Heating & Cooling Demand 
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Structural Breadth 

Description/Steps Taken 
 The first step of this breadth was determining the existing structural layout of the roof 

over the mechanical room which can be seen in figure 26.  The room is 36’ by 54’ and enclosed by 

12” reinforced CMU block.  The roof of the room is supported by 26K9 joists spaced at 6’ o.c. with 

1.5” type B, 18 gauge roof deck.   

 

 The next step was determining the loads of the existing roof.  It is a built-up-roof so 20 

pounds per square foot was assumed for the dead load with an additional 10 pounds for 

miscellaneous items (i.e. ductwork, lights, plumbing, etc.).  According to the structural drawings 

the snow load for the roof was 19.3 pounds and the roof live load was 30 lbs.  This meant that the 

live load would control for the calculations performed on the attached pages. 

 After determining the size and weight of the selected cooling tower (12’ x 21’ and 25,333lbs) 

it was determined that the current structural system would not be adequate in supporting the 

load and several of the trusses would have to be removed and replaced with wide flange beams.  

Figure 26: Existing Structural Roof Framing 
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The Vulcraft Product Information from AE 404 was consulted to determine the maximum 

allowable spacing of the beams based off of the current roof deck.  Based on the catalogs, for a 

three span condition, the 18 gauge Type B roof deck could hold an ultimate weight of 66 pounds 

at a span of 9 feet.  The current ultimate roof load is 60 pounds so this span was determined to be 

acceptable. 

 At this point the roof structure was redesigned by removing four joists and replacing them 

with 3 girders.  Calculations were run to determine the size of the girders (see calculations 

section).  Based off of the placement of the cooling tower it was determined that (1) W16x31, (2) 

W14x30, and (2) W8x10 were needed to support the cooling tower.  For simplicity, and because 

there is very little difference in cost ($2/LF) it was decided to use three W16x31 beams and 

eliminate the two W14x30’s.  A cost of the described members and subsequent redesign cost can 

be seen in Table 6. 

   

  Member Quantity LF Cost/LF Total Cost

W16x31 3 36 $56.50 $6,102.00

W14x30 0 36 $54.50 $0.00

W8x10 2 21 $26.50 $1,113.00

26K9 -4 36 $16.10 -$2,318.40

$4,896.60

Structural Redesign Cost

Redesign Cost:

Table 6: Structural Redesign Cost 
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Structural Calculations 

 

Figure 27: Structural Calculations Page 1 of 4 
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Figure 28: Structural Calculations Page 2 of 4 
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Figure 29: Structural Calculations Page 3 of 4 
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Figure 30: Structural Calculations Page 4 of 4 
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Technical Analysis #2 – Solar Energy Conversion System (SECS) 

Problem Identification 
 The owner’s goal for this project was to create a state-of-the-art educational facility, 

particularly in the field of science and technology.  To do this many innovative design processes 

were incorporated into the plan for the school.  However, little emphasis was placed on solar 

design.  With that mind, if a photovoltaic array were incorporated into the building it could 

possibly serve an educational function while saving money on utility bills. 

 The use of a PV system for this project is ideal because the owner is a school district and 

they will own and operate the building for years and years to come.  

Research Goal 

 The goal of this analysis is to see if the use of a photovoltaic array would be beneficial on 

this project.  It will determine whether or not it is feasible, what the advantages and 

disadvantages associated with it are, and the associated costs of a PV array.  This analysis will 

determine the amount of power that can be generated from the use of an array based off of a 

typical solar year.  That information will be translated into potential monthly savings.  This 

analysis will cover the upfront costs of the system including installation, and determine what the 

payback period will be.  It will also determine the most viable roof locations for implementation. 

 The intent of this analysis is to show that a PV array would prove to be a beneficial 

investment for the owner.  The overall goal is to find out if the long term benefits of a PV system 

can outweigh the upfront costs for the given local. 

Research Steps 
 Determine solar angles of the given local 

 Pick equipment 

 Evaluate optimal PV array (quantity, size, cost) 

 Perform payback analysis 

Tools 

 EGEE 437 class material 

 System Advisory Model (SAM) 

 Project Team & Industry Professionals 

 SECS textbook 

 Faculty 

 RS Means 

 Google SketchUp 

 University of Oregon Solar Radiation Sun Path Chart Program 

 Scilab  



April 3, 2013 SENIOR THESIS FINAL REPORT 

 

 
B r a d y  S h e e r i n | C o n s t r u c t i o n  M a n a g e m e n t  
 

Page 43 

Background Information 

The use and knowledge of solar energy conversions systems (SECS) has risen and fallen 

through the decades, which can largely be contributed to access to fuels.  In times when sources 

of fuel are abundant and costs are low people do not consider solar energy to be efficient.  

However, when fuels become scarce and their prices rise it is often followed by the exploration of 

alternate sources of energy.  In times like this, people often look toward the sun in hopes of 

finding efficient ways of harnessing its power.  Some methods of doing this involve solar hot 

water panels, solar chimneys, solar gardens, and of course photovoltaics. 

Photovoltaics have come a long way in recent years and are becoming more popular still.  

The country of Germany is well known for its successful use of PV systems on a grand scale.  They 

provide the perfect example for how successful these systems can be, especially when one 

considers that their solar utility (effective W/m2) is less than that of America. 

For these reasons photovoltaic panels are consistently being researched and reformed, 

which has made them more affordable and efficient.  There is a much better understanding of 

how to optimize the performance of a SECS today than ever before.  Additionally, depending on 

the location, the federal and state government often provides incentives to curb the high costs of 

implementing these systems. 

Photovoltaic cells work by converting solar energy into electricity.  They do this by using 

materials that capture photons, typically silicon, which then release electrons.  These electrons 

then create a current that can be used to power equipment or charge a battery.  An inverter is 

often used in a PV system to convert the current from DC to AC.  Photovoltaic cells are placed 

together in series in a module, often referred to as a panel, which is then connected to a string.  A 

number of strings are what is often referred to as an array.   

PV arrays can be implemented into buildings in two primary ways.  They can be integrated 

into the building or mounted on or offsite.  The location of this project is in a relatively unsafe 

area and therefore it would not be logical to have them mounted at ground level, even though the 

site would be large enough to accommodate an array.  To eliminate concerns of potential damage, 

the roof of the high school will be investigated because it provides a lot of unused real estate. 

It is very important to take shading into consideration when designing a PV array.  The 

cells of a PV module act like a bunch of batteries connected in series.  If you were to take one of 

those batteries out then the whole system wouldn’t be able to supply any electricity.  The same is 

true for a module.  If you were to cast a shadow on one of the cells of a module it would be the 

equivalent of removing a battery.  For this reason modules now come with a number of bypass 

diodes which allow the module to work when part of it is shaded, although much less efficiently. 
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Building Analysis and Shading Concerns 

 To make sure that it is possible to 

use a PV system on this school a building 

and site analysis was performed.  This is 

necessary so that it can be determined 

where the system has the most direct 

access to solar irradiance. 

The construction of the new high 

school is located at latitude 38.80 north 

and is oriented 240 east of south.  This has 

the potential to cause some problems 

because for the given location the optimal 

direction to point the collector is due 

south.  This means that instead of being 

able to run collectors parallel with the roof line they will have to be installed at an angle.  

The design of the high school has several rooflines which vary in heights (see Figure 31).   

This causes considerable shading during different times of the day and year (reference Figures 32-

34). The only viable option where shading is not a concern is on the roof of sections D, and E.  

These sections just so happen to be the tallest portions of the building and the tallest structures in 

the area.  The only shading that will occur in these sections will be due to the parapet wall which 

is 1.5’ tall and from the PV panels themselves. 

 

 

 

 

  

Figure 32: Solar Shading on the Equinoxes 

7:00 am 10:00 am 2:00 pm 5:00 pm 

2:00 pm 4:00 pm 10:00 am 8:00 am 

Figure 33: Solar Shading on the Winter Solstice 

Figure 31: Google SketchUp Model of Building 
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Figure 35 depicts the shading that will occur do to the parapet wall if the solar panels are 

placed a distance of 7 feet away.  It is important to remember that the panels will not be running 

parallel with the parapet wall and therefore only a corner of the string will be shaded as opposed 

to the entire bottom row of a string.  This will only affect one module in the whole string and will 

not pose a problem because of the bypass diodes mentioned earlier.  The months and times where 

the data intersects with the shaded area correlate to the time of day and month when the bottom 

corner of the string will be shaded.  This impact is diminished even more when one considers that 

the solar utility during the early morning hours contributes almost nothing compared to the 

overall utility throughout the whole day.  Figure 36 depicts the script that was used in Scilab to 

create these data points.  The same script was used multiple times for different points along the 

parapet wall. 

 

  

6:00 am 2:00 pm 6:00 pm 10:00 am 

Figure 34: Solar Shading on the Summer Solstice 

Figure 35: Shading On PV Panels Due to Parapet Wall 
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The next obstacle to overcome is determining the type and quantity of modules to use.  

For the given coordinates of the building SAM provides an optimal tilt of 330 for the modules.  It 

was decided that the panels would be fixed as opposed to using a solar tracking axis mount 

because it is significantly less expensive to install and provides much less opportunity for failures 

and breakdowns.  

 Once a module is selected it is important to find out how many can fit in a given area, and 

in what arrangement they can be placed.  Figure 37 depicts the proposed installation roof area 

that was discussed above.  Instinctively one 

might think that packing in as many panels as 

possible would be ideal, however this would lead 

to a very inefficient array design. It is imperative 

that the amount of shading that occurs from one 

module to another is taken into consideration.  If 

panels are placed too close together they will be 

shaded by the ones in front of them for the 

majority of the day.  The goal here is to 

maximize the number of panels and diminish 

solar shading which are conflicting objectives.  

Figure 36: Scilab Script to Determine Shading Angles 

Figure 37: Optimal Area for PV Panels 
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Row Spacing 

(ft)

Annual Energy 

(kWh)

System Performance 

Factor

9 157116 58%

12 197313 72%

15 203286 75%

18 205719 76%

30 208048 76%

PV Array Design 

The following section will break down the steps taken to design the PV system. 

Step 1: Selecting a Module 

 The SPR-240E-WHT-D Module from SunPower was selected because of its high efficiency 

of 19.31% and relatively low cost. A module from SunPower was chosen because they have some of 

the most efficient modules on the market. 

SunPower SPR-240E-WHT-D Specs: 

 Width : 5.5’ 

 Length: 2’ 

 72 cells 

 3 bypass diodes 

 Maximum Power (Pmp): 240.165 Wdc 

Until recently it was believed that tilting a collector to the same angle as the latitude was 

the most efficient practice, but that has recently been disproven.  Therefore these modules will be 

installed at a tilt of 330 to maximize the efficiency given a latitude of 38.80 N.  This value was 

calculated using SAM.  With this information and the module dimensions spacing criteria can be 

determined for the given local.  Modules will be installed at a portrait orientation.   

Spacing was determined by running several simulations in SAM and by performing the 

same shading analysis that was used on the parapet walls (see Figure 41).  Based off of different 

row spacing’s the annual Energy Output and system performance factor was determined and is 

depicted in Table 7.  Based on the values found it was evident that a spacing of 15’ would provide 

the most effective array (see Figure 39).  By looking at Figure 38 it can be seen that right around 

15’ the effective energy output starts to plateau.  This row spacing was chosen because it produces 

a high annual energy, the overall system performance is high, and it allows for many modules to 

be used.  

  

Figure 38: Depiction of Row Spacing and Efficiency 

Table 7: Row Spacing vs. Array Efficiency 
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Figure 40: Shading Caused by PV Panels @ 15' Row Spacing 

Figure 39: PV Array Layout & Dimensions 



April 3, 2013 SENIOR THESIS FINAL REPORT 

 

 
B r a d y  S h e e r i n | C o n s t r u c t i o n  M a n a g e m e n t  
 

Page 49 

Step 2: Determining the # of Modules 

 Based off of the row spacing it was determined that 370 modules could be installed on the 

roof of section D and 260 could be installed on section E.  This gives a total of 630 modules.  

Figure 41 and 42 give a visual representation of what this would look like. 

Step 3: Sizing the Inverter 

 As was mentioned earlier inverters are used to convert DC current into AC current so that 

it can be used in a building.  In order to size an inverter it needs to be determined how much load 

the array is capable of producing.  Because the modules are set up in two different sections of the 

building more than one inverter will be needed.  For this project 5 inverters will be utilized, 2 in 

section E and 3 in section D of the building.  The Inverter that was selected was from Xantrex 

Technologies, Inc. and it was the PV30-480xfrmr 480V model.  It was decided to use 5 separate 

inverters of this model because it was more cost efficient than other options. 

Array Load:  (630 Modules) x (240.165 Wdc/Module) =  151303.95 Wdc 

Total Inverter Capacity: (32206 Wdc/Inverter) x (5 Inverters) = 161030 Wdc 

Finding Capacity = (151303.95)/(161030) = 94% 

 For simplicity reasons 

there will be 10 modules per 

string.  With a max power 

voltage of 40.5 V per module 

this correlates to 405 V per 

string.  The selected Inverter is 

rated for 330V – 480V so the 

string falls within the necessary 

range (see Figure 43). 

Figure 40: Model with PV Panels Figure 41: Alternate View of Model with PV Panels 

Figure 42: Visual Representation of PV System 
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Module 630 units 0.2 kWdc/unit 151.304 kWdc 2.05 $/Wdc $310,173.20

Inverter 5 units 30 KkWac/unit 149.85 kWac 0.37 $/Wac $55,444.50

0.43 $/Wdc $65,060.72

0.48 $/Wdc $72,625.92

0.81 $/Wdc $122,556.24

$625,860.58

0.23 $/Wdc $34,799.92

0.01 $/Wdc $1,513.04

0% $0.00

$36,312.96

$662,173.54

$4.38

Sales Tax

Total Installed Cost:

Cost/Capacity:

Direct Capital Costs

Indirect Capital Costs

Total Installed Cost

Total Indirect Cost

Total Direct Cost

Balancing of System, equipment

Installation labor

Installer margin and overhead

Permitting, Environmental Studies

Grid interconnection

Project Cost and Incentives 

 A barrier that often prevents owners from incorporating a PV system into their project is 

the large upfront cost of the system.  Fortunately for Maryland there are a lot of incentives 

available that help curb this cost.  The system that has been outlined above has a price tag of 

$662,173.54.  Table 8 shows the breakdown of these costs.  Because the building is a school and 

has been commissioned by PGCPS District they do not have to pay any sales tax which exempts 

them from what would have been an additional cost of $37,551.62. 

 

 A property tax exemption for solar and wind energy systems was enacted in 2008 and 

provides a 100% real property tax exemption in the state of Maryland.  This policy applies to 

commercial, industrial, and residential properties.  Additional the federal and state government 

provides a 30% and a 25% tax credit respectively.  This means that within the first year PGCPS will 

receive $364,195 in incentives if they decided to implement this system. 

 Another incentive that’s available comes from the utility company.  Legislation mandates 

that a certain percentage of a utility companies energy generation must come from renewable 

sources such as wind or solar.  By 2020 two percent of the energy utility companies generate must 

come from renewable sources.  Because of this SREC’s or Solar Renewable Energy Certificates can 

be sold to electricity suppliers so that they can meet the mandated requirements.  One SREC is 

equivalent to one MWh of solar generated electricity and anyone with a PV system is allowed to 

sell SREC’s to a utility company.  The value of SRECs can be relatively volatile because it’s based 

on a supply and demand model.  Currently in Maryland one SREC sells for $120, but in previous 

years they have gone for as much as $375.  To be conservative, this analysis will consider a value of 

$120 per SREC deescalating at a rate of 10% over a 10 year period.  

Table 8: Project Finance 
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PV System Assumptions 

The following are assumptions that were made when creating the system model on SAM: 

 Solar data was extrapolated from typical meteorological years. 

 Flat Plate PV for Commercial Bldg. 

 Modules are rack mounted 

 Roof albedo (reflectance) is 0.75 due to white roof 

 Performance Adjustments due to shading can be seen in Table 9 

 Wiring losses 0.99 

 Annual average soiling loses 0.95 

 Estimated DC power derate 0.955 

 25 Year Analysis 

 Net Salvage Value of 30% of installed cost after 25 years 

 

Table 9: Shading Adjustments 

Payback Period 

 To determine if installing a PV 

system would be practical it is imperative 

that a payback period is completed.  In 

order to properly complete a payback 

period it is important to know the 

aforementioned incentives and the local 

utility rate.  According to NREL the 

National Renewable Energy Laboratory, 

Maryland has an average electricity rate 

between 13-15 cents/kWh.  To be 

conservative 13 cents/kWh will be used in 

this analysis. (See Figure 44) 

 Figure 43: Electrical Rates by Region 
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Table 10 shows the values from the SAM input pages that were used for this model.  Based 

off of a 2.5% inflation rate, a first year operating cost of $6,336.95, a utility cost of $0.13/kWh, and 

an annual performance depreciation depicted in figure 45, the payback period for this system is 

4.99 years.  If no incentives were available the same system would take 18.19 years to pay off. 

  

Values from SAM input pages
Financing System Costs

Analysis Parameters Total Installed Cost $662,173.00

Analysis Period 25 Operation and Maintenance

Inflation Rate 2.50% Fixed O&M ($/kW-yr) $20.00

Real Discount Rate 5.20% Fixed O&M Real Esc. 0%

Tax and Insurance Rates Variable O&M ($/MWh) $0.00

Federal Tax 28.00% Variable O&M Real Esc. 0%

State Tax 7.00% Fuel Cost ($/MMBtu) $0.00

Sales Tax 0.00% Fuel Cost Real Esc. 0%

Insurance 0.50% Fixed (Annual) O&M ($/yr) $0.00

Salvage Value Fixed (Annual) O&M Real Esc. 0%

Net Salvage Value 30.00% System and Annual Performance

End of Analysis Period Value $198,651.90 Availability (year 1) 100.00%

Property Tax Degradation (%/year) 0.50%

Assessed Percent 20.00% System Size (kW) 151.304

Asssessed Value $132,434.60 Heat Rate (MMBtus/MWh) 0

Assessed Value Decline 0.00% First Year Annual Output (kWh) 203286

PropertyTax 0.00%

Loan Parameters

Amount $0.00

Loan (Debt) Percent 0.00%

Term 25

Rate 4.50%

Table 10: Values from SAM Input Pages 

Figure 44: Annual Energy Output 
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Figure 46 depicts the yearly cash flow and total accrued cash value for a 25 year period.  At 

year 25 the salvage value is added back into the model.  With all things considered, after this 25 

year period the PV system should make the owner a profit of $533,553.00. 

 

Figure 45: Cash Flow and Accrued Expenses/Revenue 

Constructability 

 To determine how long it would take to install the system RS Means was consulted.  

According to the provided data an electrician would be able to install 8 modules per day and 5 

inverters in 2 days.  It would also take a roofer a day to install 4 mounting frames.  Table 11 shows 

the breakdown of inverters, modules, and mounting frames per roof section.  

 

Table 11: Installation Durations 

Roof Section Item Quantity Output Duration (days)

Module 370 8/day/electrician 46.25

Mounting Rack 37 4/day/roofer 9.25

Inverter 3 3/day/electrician 1

Module 260 8/day/electrician 32.5

Mounting Rack 26 4/day/roofer 6.5

Inverter 2 2/day/electrician 1

D

E
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 According to the most up-to-date schedule the roof in sections E and D should be 

completed on December 28th and December 31st respectively.  This is right around the time that 

the exterior enclosure will be completed in these areas too.  At this time the installation of the PV 

panels could begin with little to no impact on other trade work.  

 The first step would be for the roofers to layout and install the mounting racks on sections 

D and E.  To complete this 3 roofer’s would work on the roof in section D and 2 would work in 

Section E.  This would allow both sections to be completed within 4 days while allotting time for 

the initial layout. 

 The second step would be to install the modules on the racks.  To complete this process 4 

electricians would work on the roof in section D of the building and 3 would work in section E.  

With this distribution of labor all of 

the modules should be able to be 

installed within 12 days in section D 

and 11 days in section E as long as 

there are no delays due to weather.  

On the last day the Inverters will be 

hooked up next to the air-handling-

units in each section of the roof.  

Figure 47 displays all possible 

Inverter locations. 

The installation of these 

panels should take 17 working days 

for section D and 16 for section E.  

The whole process would not impact 

the completion date of the school 

and could be completed relatively fast.  The benefit of this system is that it can be installation at 

any time after the roof is complete.  This would allow the panels to be installed in the spring 

months to allow for the weather to improve so the electricians and roofers aren’t working in poor 

weather conditions. 

Conclusion 

With a relatively short payback period of 4.99 years it would be advisable for PGCPS to 

consider implementing a PV system on their new school.  After paying off the initial cost of the 

system PGCPS could benefit from a reduction in utility bills and reinvest any savings back into 

their school district.  PGCPS would have to weigh the long term benefits of the system against the 

upfront costs and come to their own conclusion based on the presented data. 

This system was chosen because it is very simple and would not require extensive 

maintenance or repairs.  There are no moving parts which eliminates any possible mechanical 

failures that can occur with a tracking photovoltaic system.  Additionally, PGCPS would not have 

Figure 46: Possible Inverter Locations 
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to worry about cleaning the modules unless under unusual circumstances because the glass faces 

of the modules are self-cleaning when exposed to sunlight. 

Technical Analysis #3 – Alternate Delivery Method 

Problem Identification 

 The project had a late start due to a two month delay on the notice-to-proceed.  This had 

a significant impact on the schedule and project team because the school was still required to be 

completed and open for classes in August of 2013.  Unfortunately for the CM Agency (Hess 

Construction), the subcontractors were only required to meet the deadlines set by the original 

schedule, as per their contracts.  This caused Hess Construction a number of problems with their 

subcontractors when they tried to accelerate the schedule.  In one instance Hess had to pay the 

cost of bringing another crane on site to try and catch up. 

 There were also a significant amount of problems associated with the construction 

drawings that could have been mitigated had there been early involvement from other trades.  

Additionally there were problems with the design coming in well above the allotted budget for 

the project.  This required a lot of value engineering which required compromising on a lot of the 

high end finishes that the owner didn’t want to lose.  In some cases whole packets of work were 

eliminated. 

Research Goal 

 The goal of this analysis is to investigate the potential benefits of using an integrated 

design-build contract as opposed to the current method.  The analysis will focus on comparing 

the two methods against each other using available data.  To assist in illustrating the differences 

project organizational maps will be created.  This will help demonstration the differences in 

communication and coordination throughout a projects life. 

Research Steps 

 Obtain a generic design-build contract from Hess Construction 

 Analyze the two different contract types 

 Create process maps 

 Investigate the potential benefits of both contract styles 

 Explain the results of the research and make recommendations 

Tools used 

 Microsoft Visio 

 Project Staff 

 Relevant Publications 

 Industry Professionals 
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Choosing a Delivery System 

 There are a lot of things to consider when determining the most appropriate delivery 

method for a project.  What works on one project could yield disastrous results for another.  Some 

of the things to consider are: project goals, site conditions, allotted schedule, project budget, and 

parties at risk.  Owners often want the highest quality project for the lowest cost, delivered within 

a short time period.  However, it is likely that some of those desires will take precedence over 

others and there is usually a delivery method tailored to those wants. 

Current Contract Approach: CM @ Risk 
The delivery system used for this school was a CM at Risk, Cost plus Fee with a GMP.  

Prince George County Public Schools, (PGCPS) the owner, holds a contract with the 

architect/engineer, construction manager, and a third party consultant.  Hess construction holds 

lump sum contracts with their subcontractors all of which are prequalified based off of 

quantitative experience, requisite skills, project capacity, and work history. (See Figure 48) 

A CM at Risk delivery system is one where the owner contracts with both a designer and 

contractor somewhat concurrently.  The owner will select a designer to design a facility; in this 

case it is WMCRP.  They will then select the construction manager who will provide input during 

the design phase and ensure the work based off of the plans and specifications.  However, the CM 

Company will not perform any of the work, instead they will subcontract parts of the construction 

scope to specialty contractors once a portion of the design is finished.  After the facility has been 

constructed by the CM it is turned over to the owner.  A process map of this delivery method can 

be seen in Figure 49. 

In this delivery system the construction manager takes on the risk of getting the project 

completed, but does not perform any of the physical work.  Instead they manage the construction 

processes and flow of communication.  They guarantee the owner that the project will be 

Figure 47: CM @ Risk Process 



April 3, 2013 SENIOR THESIS FINAL REPORT 

 

 
B r a d y  S h e e r i n | C o n s t r u c t i o n  M a n a g e m e n t  
 

Page 57 

completed by a certain date for a guaranteed 

maximum price (GMP).  If the final cost of the 

project were to exceed the GMP then the 

construction manager would be responsible for 

those costs.  Additionally, if the CM agency fails 

to deliver the building by the predetermined date 

they risk facing liquidation damages. 

The CM agency acts as an advisor during 

the design and development phase of the project.  

They assist in estimating construction costs, 

scheduling, and provide constructability 

guidance based off of the owners and designers 

goals.   

CM @ Risk Advantages  

 A CM at Risk contract allows for some 

overlap to occur during the design and 

construction phases of a project.  This allows the 

design team to receive constructability input 

during the design.  This is important because it 

mitigates otherwise potential design flaws which 

could be either impossible to construct or very 

expensive.  It can also lead to earlier selections on 

materials and equipment.  Furthermore this 

contract method allows for construction to begin 

prior to the completion of the entire design.  This 

is advantageous on a project such as this one 

because of the tight time frame that the building 

needs to be constructed within.  

 Within this instance Hess Construction 

and PGCPS negotiated a guaranteed maximum 

price (GMP).  This gives the owner the benefit of 

knowing exactly how much the school is going to 

cost them during the design phase.  It also transfers risk from the owner onto Hess Construction 

by making them the single entity responsible for the completion of the job.  However because 

they hold a separate contract with the architect PGCPS is responsible for any items missing from 

the construction documents. 

  

Figure 48: CM @ Risk Process Map 
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CM @ Risk Disadvantages 

 Although there are many advantages to using a CM at risk delivery method there are also 

some negatives as well.  In order for this delivery method to work all of the parties involved need 

to be able to work well together.  The role of the CM agency switches from a design advisor to a 

management role once construction begins.  At this time disagreements over construction 

quality, impacts to the schedule, budget concerns, and completeness of design documents can 

arise.  If the contractual parties involved consistently disagree on these issues adversarial 

relationships might develop.  Even though a fixed GMP is inherently adjusted for incomplete 

portions of the design disputes can still arise over assumptions that were used to come to that 

price.  

 As mentioned before, one of the biggest risks to completing this project on time came 

when the notice to proceed was delayed by two months.  This delay was caused by the owner 

because of bureaucratic school policies.  This posed a large problem for Hess because they were 

still required to complete the school by the original date, but the subcontractors could only be 

held liable to the bid document schedule.  Because of Hess’ contract with PGCPS the costs that 

were incurred to make up this delay, through overtime and bringing on another crane, were 

imposed on Hess. 

Additional Drawbacks: 

1. Owner has reduced control over construction process 

2. Possible scope busts or overlaps  

3. Higher CM fees for uncertainty due to lack of details in documents 

4. Owner holds multiple contracts 

5. Designer and builder could be a source of conflict due to separate contracts with the 

owner 

Alternate Contract Approach: Design-Build 

 In the United States 40% of all non-residential design and construction is delivered using 

a design-build contract according to the Design/Build Institute of America.  It is estimated that by 

2015 over 50% of projects will use this method.  This approach allows the owner to hold a contract 

with only one entity that is responsible for both design and construction.  This can be achieved in 

four different ways: 1) the owner can contract with a design-build firm that has both construction 

and design abilities; 2) the contract can be held by a joint venture between a designer and 

contractor; 3) the contract can be with a designer who holds a contract with a contractor; or 4) 

vice-versa or option three.  In each scenario the owner only holds one contract for the whole 

project instead of multiple contracts.  In the past Hess Construction has used the forth method 

described when working on a design-build project. 

 In a design-build contract the firm that is hired by the owner takes on the risk for every 

aspect of the project.  The entire cost of the job is written in their contract and they are 

responsible for how it is spent.  In this delivery method the client chooses a design-build entity to 
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create and build their facility based off of the clients design requirements.  As the design is being 

developed the constructor provides input into the design and constructs finished portions of the 

design, similar to the CM at risk method.  Once the building is complete it is turned over to the 

client to occupy.  Refer to Figure 51 for a process map that illustrates this process. 

   

Design-Build Advantages 

 There are many benefits to using a design-build delivery system.  One of the biggest 

advantages is that the owner essentially has no risk.  The designer and contractor interact with 

each other sooner and are solely responsible for any and all design errors.  This earlier interaction 

allows them to work toward the owner’s goals which increases efficiency and prevents conflicts.  

Because the architect and contractor are not separately contracted there is no adversarial 

relationship between the two.  Even if there were, the owner wouldn’t have to mediate between 

the two because they only hold a single contract and therefore only have one point of contact.  

This also greatly reduces any problems associated with RFI’s because everyone is working 

underneath a single umbrella.  On this project that would be an extremely important benefit 

because of the high number of RFI’s and the often slow response time. 

Figure 49: Design-Build Delivery Method 
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 This method would be a good choice 

for this project because it places an emphasis 

on cost control.  The price of the building 

would be known early on and fixed; therefore 

there would not be any surprises to the owner 

later on in the project.  With a design-build 

contract a negotiated GMP can be achieved 

very early on in the process as well. This is 

important to the owner because they are a 

school district and they are working within a 

tight budget.  Additionally the owner would 

not have to worry about claims stemming 

from omissions from the construction 

documents or design errors because that 

would all fall under the responsibility of the 

design-build entity.  Unlike a CM at risk 

delivery method, where the owner furnishes 

the specs and plans that the architect created 

and would therefore be responsible for the 

costs associated with any errors.   

Additional Benefits: 

1. Conducive to enhanced value 

engineering implementation.   

2. Construction starts before the design 

is completed 

3. Early collaboration enhances 

constructability 

4. Schedule reduction due to earlier 

equipment procurement and start of 

construction work  

5. Enhanced teamwork 

6. Requires less owner expertise 

7. Owner has flexibility in selecting from 

different design-build companies  

  

Figure 50: Design-Build Process Map 
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Design-Build Disadvantages 

As with every type of delivery method there are some disadvantages or things to consider 

when selecting the design-build approach.  For it to be successful the project has to be clearly 

defined by the owner.  In this approach the owner needs to be very good at expressing what they 

want incorporated into the building from the very beginning of the project.  Any ambiguity could 

result in the owner not receiving what they desire.  This is because the owner has very little input 

into the construction of the building once the project is underway.  This contract method 

provides the owner with a-hands-off style compared to other contract types.  Due to this the 

owner must be willing to accept some uncertainty with the final outcome of the building. 

 Another disadvantage of this method is the loss of checks and balances between the 

contractor and architect because they are working under the same umbrella.  In other contract 

types they typically keep each other in check because the architect is trying to represent the 

owner’s design goals while the contractor is trying to hold the architect to a budget.  When they 

work together no party is really responsible for representing the owner.  

Lastly design changes after construction starts are expensive.  This is because construction 

starts before the design is finalized so if something is changed, but has already been implemented, 

it would be expensive to change it.  A design-build approach can be more expensive because more 

parties are involved earlier on in the life of the project.  However these expenses can be recouped 

through the advantages previously mentioned, and can even prove to be less expensive than other 

delivery methods. 

Additional Drawbacks: 

1. Owner should be knowledgeable in design-build process 

2. Difficult to obtain competitive bids 

3. Possible restrictions by state laws and regulations 

4. Needs extensive communication prior to start of project  

Potential Impacts of Using a Design-Build Approach 
Although it would be difficult to explicitly quantify, it is fairly safe to assume that a 

design-build contract approach on this project would have a positive impact on reducing the 

schedule.  Throughout the duration of the project there were many RFI’s that arose that needed 

immediate attention so that they would not hold up the construction process.  Unfortunately they 

didn’t always receive the immediate attention they required.  Some of these instances included, 

but were not limited to: locations of bearing plates in CMU masonry walls, clarifications on the 

footing depth near the loading dock in section C of the building, rerouting of sewer line so paving 

could occur, and clarifications on column locations. 

In the examples given work had to be stopped in areas of the building until a response was 

given.  This meant that trades had to stop working in those areas and move to other parts of the 

building to perform work.  This constant shuffling of laborers from one area to the next of the 
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building without completing what they were initially working on created inefficiencies and 

therefore impacted the schedule.  Even though none of these RFI’s individually caused a 

significant delay on the schedule, collectively they did. 

Had this been a design-build project the construction drawings would have been at a 

much higher quality based on the research that has been performed for this analysis.  Even if 

these problems were encountered under this delivery method the responses would be much more 

immediate because of the closer collaboration between all of the parties involved. 

There were many problems associated with the construction drawings that ranged from 

door and window locations not given to dimensions not lining up from one set of drawings to the 

next.  One glaring example that took months to resolve was a clash of ductwork, ceiling height, 

and plumbing pipe in section D of the school.  The easiest solution would have been to lower the 

drop ceiling, but the architect would not allow it.  This caused an extensive reroute of the 

systems.  Figure 52 and 53 shows the initial location of the incident.  It is likely that this would 

have been able to be resolved much sooner if the contract method been different. 

One of the biggest issues associated with the CM at Risk delivery method was caused by 

the two month delay in the schedule.  Financially this only affected Hess construction because the 

subcontractors were only held to the original bid document schedule.  To make up this time the 

project staff had to cover the cost of bringing a second crane onto the site to erect steel.  They also 

had to start a six day work week and cover the cost of overtime.  It was very difficult for Hess to 

get the subcontractors to accelerate their schedules and work an additional day because the delay 

had very little impact on them.  Had a design-build contract been used everyone would have had 

some “skin in the game” which would have spread out the additional costs incurred and made 

everyone more willing to make sacrifices to get the job finished. 

Managing the project would become easier as well because there would be more support 

from subcontractors and collaboration and communication would increase.  This would create a 

more streamlined project and the project staff would be better equipped to quickly adapt to 

Figure 51: Mechanical Area D Football Figure 52: Plumbing Area D Football 
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unforeseen conditions.  Additionally the risk would be lower because the construction documents 

would be better and everyone involved would share the risk. 

Another problem that was encountered on this project was getting the BIM completed on 

schedule.  Initially the goal was to have all of the modeling and clash detections completed for the 

trades so that the drawings could be used as fabrication models.  However, due to a lack of 

motivation on the part of the subcontractors the construction in some areas of the building 

surpassed the completion of the models.  Consequently the benefits of BIM were not being 

adequately utilized. 

DB & CM @ Risk Quantitative Evidence 
 Mark Konchar, Author of “A Comparison of United States Project Delivery Systems”, wrote 

a report providing empirical evidence concerning the difference between cost, schedule, and 

quality attributes of three different project delivery types.  Those delivery methods were Design-

Build, CM-at-Risk, and Design-Bid-Build.   He accomplished this by using project data he 

gathered from 351 different building projects in the United States which were categorized into six 

separate facility types.  By using nearly a 100 descriptive and interacting variables he was able to 

explain project cost, quality, and schedule performance based on the delivery method.  Of the 351 

projects 44% of them used a design-build delivery method, 23% used CM-at-risk, and 33% were 

design-bid-build. Figure 54 shows this breakdown.  For the sake of this report only design-build 

and CM-at-risk will be discussed. 

 

Figure 53: Distribution by Facility 
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Construction Speed 

 Construction Speed was defined in this report by the square footage of work that was 

installed per month.  It did not take the design period into consideration.  After performing 

extensive calculations and research Dr. Konchar found that design-build projects were on average 

completed 7% faster than CM-at-risk projects.   

Delivery Speed 

 Delivery speed differed from construction speed in that it included both design and 

construction durations into the analysis.  Dr. Konchar found that design-build projects were on 

average 23.5% faster than CM-at-risk projects.  

Unit Cost 

 Unit cost is defined by the total square footage of a building divided by its final cost.  

According to the presented data design-build projects were 4.5% less expensive than CM-at-risk 

buildings. 

Cost Growth 

 Cost growth analyzed the difference between the initial cost that was contracted at the 

beginning of the project and the final cost at its completion.  This analysis showed that design-

build projects cost growth was on average 1% less than CM at risk projects. 

Schedule Growth 

Schedule growth analyzed the difference between originally planned completion dates and actual 

completion dates.  Dr. Konchars findings showed that design-build projects schedule growth was 

on average 2.18% less than CM-at-risk.  

 

Figure 54: Design-Build vs. CM @ Risk Improvement 
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Conclusion 

Changing the delivery method would undoubtedly foster more collaboration between all 

parties involved on this project.  The design period would be reduced, which is critical because a 

poor design can cause delays in the start of construction.  These delays occur due to poor 

planning, undefined scope, incomplete detailing, bad communication, and not selecting materials 

soon enough.  With this delivery method many of these issues could be eliminated or mitigated.  

There would be fewer issues with the drawings, it would allow for faster procurement of 

equipment, materials, and allow construction to start sooner. After weighing all of the benefits 

against the potential disadvantages it is clear that this delivery method would be more 

advantageous for Hess Construction. 

However a CM-at-risk delivery method can still be more appealing to the owner because it 

allows them more input throughout the duration of the project.  They are also not as concerned 

with construction speed, delivery speed, cost growth, or schedule growth because they hold a 

GMP contract with a strict completion date.  One benefit the owner would receive is less risk, 

because they could hold only one contract and would not be responsible for furnishing any of the 

drawings and specifications.  This would eliminate any costly and unforeseen change orders. 

In the end the owner would have to weigh the pros and cons of each delivery method 

based off of their wants and determine which best suits them. 
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Technical Analysis #4 – Façade Prefabrication 

Problem Identification 
 With a two month delay on the notice-to-proceed the already tight schedule to complete 

the high school was reduced to only 18 months.  For that reason a prefabricated façade will be 

analyzed for this analysis in hopes of alleviating time spent on the enclosure, which is on the 

critical path.  The current façade of the school is comprised primarily of 4” ground-face CMU’s.  

The architect chose to clad the exterior of the building in CMU’s in order to compliment the 

exterior façade of the existing gymnasium.  

 The current procedure for installing the façade is by a process known as “stick-building”, 

or hand laying the units one by one off of scaffolding.  For a project of this size this requires an 

exorbitant amount of man power and time.  Additionally, it is less safe than prefabricated panels 

because it creates a more congested and dirty site.  This masonry work took a total of four months 

to complete, which hindered other enclosure, and finishing trades from beginning work in areas 

of the building. 

Research Goal 

 The goal of this approach is to  determine the ability for schedule acceleration by utilizing 

a precast architectural façade.  This will allow the building to be enclosed at an earlier date and 

reduce the overall project schedule.  The cost impacts, whether positive or negative, will also be 

investigated and evaluated to determine if this idea is viable.   

Research Steps 
 Investigate the current façade systems 

 Determine the area of the building that will be prefabricated 

 Analyze the construction schedule and cost for the current enclosure 

 Contact manufacturer to determine erection times and costs 

 Select a panelized system to replace the current “stick-built” method 

 Rework the construction schedule and budget with the new system 

 Study Feasibility 

Tools 

 Project Staff 

 AE Department Staff 

 Excel 

 Microsoft Project 

 Industry Professionals 

 Precast Manufacturer contacts 

 Revit  



April 3, 2013 SENIOR THESIS FINAL REPORT 

 

 
B r a d y  S h e e r i n | C o n s t r u c t i o n  M a n a g e m e n t  
 

Page 67 

Current Façade Assembly 

 The current ground-face CMU façade is attached to the building using two different 

methods.  Approximately 27,300 SF is attached to a structural masonry substrate, and another 

41,700 SF is attached to metal studs spaced 16” on-center with a ½” gypsum sheathing backing.  

The façade is attached to a masonry substrate in areas A, B, C, and G of the building and 

connected to metal studs in areas D, E, and F. (Reference Figures 56 and 57) 

 

  

The start date on the façade was 

dependent on the completion of the structure in 

the aforementioned areas.  For areas D, E, and F 

this means that the structural studs and sheathing 

had to be installed around the perimeter of the 

building.  In areas A, B, C and G this meant that 

the steel joists and decking had to be connected 

and detailed. 

The acquisition of a second crane allowed 

for structural members of sections D & E to be 

placed while F was also being erected.  Once F was 

complete, the crane that was used in section F of 

the building was used to place joist and metal 

deck in sections A, B, and C.  Finally the crane was moved one last time to finish G.  No work 

could be completed in areas where the cranes were performing lifts due to safety concerns. 

Figure 55: Current Façade Composition Figure 56: Current Facade Composition 

Figure 57: Building Section Breakdown 
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Once the structure in an area was finished, the enclosure began.  Tables 12 and 13 show the 

scheduled finish dates for the structure in each section of the building.  They also show the 

subsequent start and finish dates for the ground-face CMU veneer.   

 

         
 

Area F             
 

 
Metal Stud Installation Start: 8/30/2012 

 
Masonry Veneer Start: 9/5/2012 

 

  
Finish: 9/6/2012 

  
Finish: 9/25/2012 

 

         

 

Area E             
 

 

Metal Stud Installation Start: 9/18/2012 
 

Masonry Veneer Start: 10/16/2012 
 

  
Finish: 10/15/2012 

  
Finish: 11/20/2012 

 

         

 

Area D             
 

 

Metal Stud Installation Start: 10/1/2012 
 

Masonry Veneer Start: 10/17/2012 
 

  
Finish: 10/23/2012 

  
Finish: 12/21/2012 

 

         Table 12: Scheduled Completion Dates for Structure 

 

        

 

Area G           
 

 

Structure Finished: 11/20/2012 
 

Masonry Veneer Start: 11/26/2012 
 

     
Finish: 1/8/2013 

 

        

 

Area C           
 

 

Structure Finished: 10/22/2012 
 

Masonry Veneer Start: 10/23/2012 
 

     
Finish: 12/18/2012 

 

        

 

Area B           
 

 

Structure Finished: 11/6/2012 
 

Masonry Veneer Start: 11/8/2012 
 

     
Finish: 11/20/2012 

 

        

 

Area A           
 

 

Structure Finished: 10/12/2012 
 

Masonry Veneer Start: 10/15/2012 
 

     
Finish: 10/29/2012 

 

        Table 13: Scheduled Completion Dates for Structure 
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Prefabricated façade   

 The proposed design for sections F, E, and D will span all three floors and eliminate the 

need for metal stud installation.  It will also eliminate the need for setting up and tearing down 

scaffolding.  For these sections panels will span at least the length of a floor and half the width 

between columns.  This means that each panel will be approximately 400 – 200 SF.  In order to 

ship the panels without requiring a permit the heights of the panels cannot exceed 13’6”.  Figure 

59 shows a visual representation of what the panels will look like.  

  

Upon consulting Mark Taylor of Nitterhouse Concrete, 

it was determined that a 9” insulated precast panel with a thin 

veneer could be used to meet the architects design goals.  

Panels will be connected to the structural frame of the building 

using metal flanges.  A structural analysis was not performed for 

the sake of this analysis.  Figure 60 to the right shows a cross 

section of the proposed panel.  The panels do not incorporate 

an air cavity because the density of the precast panels will not 

allow any moisture to pass through. 

 The panels that will be installed in areas A, B, C, and G of 

the building will be 4” thick with 2 inches of rigid insulation 

applied to the back.  

5/8” GF veneer 

3” concrete 

2” rigid Insulation 

4” concrete 

Figure 58: Section to be Panelized and Visual Representation 

Figure 59: Cross Section of Panel 
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Panel Quantity Calculation 

The total number of panels that will be needed for the façade is 342.  The following will 

give a detailed breakdown of how many panels each section of the building will have.  It is 

important to note that the panel sizes given will have openings in them for windows and doors.  

(Reference Figures 61-66) 

 

 

Section D 

Square Footage of ground-face CMU = 18,550 

(36) 29’4” x 12’6” panels 

(26) 16’ x 12’6” panels 

(2) 10’ x 8’ panels 

(8) 16’ x 8’ panels 

(16) 16 x 7’4” panels 

(1) 20’ x 5’ Panel 

Total: 89 panels 

 

 

Section E 

Square Footage of ground-face CMU = 17,150 

(28) 29’4” x 12’6” panels 

(28) 16’ x 12’6” panels 

(2) 10’ x 8’ panels 

(8) 16’ x 8’ panels 

(16) 16 x 7’4” panels 

(1) 20’ x 5’ panel 

Total: 83 Panels 

 

 

 

Figure 60: Section D Facade 

Figure 61: Section E Facade 
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Section F 

Square footage of ground-face CMU = 6,060 

(3) 17” x 10” panels 

(1) 4’ x 20’ panel 

(1) 8’ x 20’ panel 

(4) 16’ x 7’6” panels 

(2) 16’ x 13’ panels 

(2) 16’ x 6’6” panels 

(15) 11’ x 22’ panels 

(3) 11’ x 20’ panels 

(2) 11’ x 31’ panels 

 

Total: 33 Panels 

 

 

 

Section G 

Square footage of ground-face CMU = 11,200 

(15) 10’ x 25’ panels 

(5) 11’ x 25’ panels 

(2) 9’ x 25’ panels 

(2) 7’6” x 25’ panels 

(1) 9’ x 30’ panels 

(2) 9’ x 10’ panels 

(4) 12’ x 25’ panels 

(1) 8’ x 33’ panel 

(6) 10’ x 25’ panels 

(10) 11’ x 23’ panels 

 

Total: 48 Panels 

 

Figure 62: Section F Facade 

Figure 63: Section G Facade 
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Section C 

Square footage of ground-face = 9,950 

(43) 1o’ x 18’9” panels 

(6) 12’ x 18’9” panels 

(2) 6’9” x 30’ panels 

(2) 6’9” x 20’ panels 

(4) 12’ x 3’ panels 

 

Total: 57 Panels 

 

 

 

 

 

Sections A & B 

Square footage of ground-face = 5,470 

(24) 10’ x 18’9” panels 

(4)  12’ x 18’9” panels 

(4) 6’ x 18’9” panels 

 

Total: 32 Panels 

 

 

 

 

 

 

Figure 64: Section C Facade 

Figure 65: Section A & B Facade 
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Section # of Panels Total Time (min)

D 89 24 min 2136

E 83 24 min 1992

F 33 24 min 792

G 48 24 min 1152

C 57 24 min 1368

A&B 32 24 min 768

Total Days Spent: 17.1

2.85

1.6

Avg. Time/Panel Total Time (Work Days)

4.45

4.15

1.65

2.4

Cost Impacts 

 The cost of the current ground face CMU façade on this building is $2,233,500.  The cost of 

the CMU façade in sections A, B, C, and G, which equates to 27,300 SF, is approximately $14.10/SF.  

This price appears low because the Masonry substrate is not considered a part of the system.  The 

cost for the façade in sections F, E, and D (41,700 SF) is approximately $44.33/SF.   

 The cost of the prefabricated panels which includes fabrication, delivery, and installation 

runs $35.00/SF.  This means that the use of prefabricated panels on this building would cost 

$2,415,000, which is $181,500 more expensive than the current system.  There is also an additional 

cost of $17,800 for keeping one of the two cranes onsite for an additional month to perform this 

work.  This brings the total cost to $2,432,800.  However, because using a precast façade is 

expected to decrease the overall project duration by 6 weeks $22,700 is saved in GC costs.  

Total Cost of Original Façade: $2,233,500 

Total Cost of Prefabricate Façade: $2,410,100. 

Difference: ($176,600) 

Schedule Impacts 

 The use of precast panels for the façade will help speed up construction time and reduce 

delays caused by the weather.  The lead time for these panels will typically take 5 to 6 months, so 

for this strategy to be viable it would have to be incorporated early on in the project. 

 Production rates for the installation of panels of this size vary from 15-30 minutes a panel 

depending on who is providing the information.  For the sake of this analysis an average of one 

panel every 24 minutes will be allotted.  It is expected that the first few panels will take longer, 

but because of the inherent learning curve associated with this work the process should become 

more streamlined over time.  The 24 minutes also takes into account the need to reposition the 

crane throughout the process.  Based on this information Table 14 was created to show the total 

time required to install the ground face CMU façade on each section of the building. 

  

  

Table 14: Time Required to Install Precast Façade Panels 
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Section
Original Duration 

(8 Hr. Days)

Adjusted Duration 

(8 Hr. Days)

Reduction In Schedule 

(8 Hr. Days)

D: 60 4.45 55.55

E: 46 4.15 41.85

F: 19 1.65 17.35

G: 32 2.4 29.6

C: 41 2.85 38.15

A&B: 27 1.6 25.4

By incorporating this 

adjusted information for 

installation of the façade into 

the original schedule, it is 

clear to see that this approach 

saves a significant amount of 

time (reference Table 15).  In 

sections F, E, and D of the 

building this method is 

particularly advantageous 

because it eliminates the need 

to install metal studs.   This whole process which would have originally taken approximately 4 

months can be compressed down into just over 17 days.  However this does not correlate to a 3 ½ 

month reduction in the schedule.  It does allow for a reduction in schedule in each section of the 

building though.  This means that trades that were held up by the façade can get started 

significantly earlier. 

In terms of the overall project schedule, the building should be able to be completed 6 

weeks sooner by utilizing a precast façade (see Figure 67). 

 

Conclusion  
 Switching the installation method of the envelope on this project has a wide range of 

benefits.  The results of this analysis show that the cost of using a prefabricated façade is 8% more 

expensive than the currently proposed method.  However this additional cost is diminished by the 

fact that it allows the overall project to be completed 6 weeks sooner, which is extremely 

important because this job is so time constrained.  Switching to precast also creates a much 

cleaner site with less congestion, frees up work space sooner, allows for higher quality control, 

and is much safer than having laborers working off of scaffolding. 

 Based on the current time constraints on the project and additional benefits received from 

switching to precast, it is advised that this method be used. 

Table 15: Schedule Reduction Due to Precast 

Figure 66: Adjusted Schedule Gant Chart 
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Final Conclusion 

 By completing the four in-depth analyses which focused on critical industry issues, value 

engineering, constructability, and schedule the validity of the proposals for each analysis can be 

evaluated.  The goal behind each one of these analyses was to try and find areas of the project that 

could be improved or altered to make the overall project run more smoothly. 

The results of the mechanical analysis and breadths showed that by changing the current 

geothermal mechanical system into a hybrid system that it would be more efficient.  This could be 

easily done by altering the structural design on the roof of the mechanical room so that it would 

be able support a 352 ton cooling tower.  This change would result in the elimination of 4 joists to 

be replaced with three girders.  This would have very little impact on constructability; one would 

only have to take into consideration new bearing plate heights for the girders.  Installing the 

tower is not a large concern either because the 150 ton crane that would already be on site could 

easily place the unit.  Due to the load characteristics of the building this cooling tower would 

typically only run a couple months out of the year.  It would also greatly reduce the first cost of 

the system.   

The owner was very adamant about creating a state-of-the-art facility, particularly in the 

field of science and technology.  A great way of approaching this goal would be to implement 

systems that are cutting edge and gaining notoriety.  Solar energy conversion systems definitely 

fall within that spectrum and Maryland provides great incentives for renewable energy projects.  

The system that was proposed would begin making money for the school district within five years 

of its implementation which is a strong reason for implementing a SECS on the school.  The 

money that the system would generate could be extremely valuable to the district.  Additionally it 

would not have a noticeable impact on the schedule of the project and it would be very easy to 

install. 

 Due to many of the difficulties that were associated with the project it was important to 

investigate the effect that an alternate delivery approach might have.  A considerable amount of 

investigation was performed and it was determined that a design-build approach could 

potentially be a more efficient delivery method based on the problems occurred on this job.  The 

findings showed that a design-build approach would increase construction and delivery speeds, 

reduce cost and schedule growth, foster more collaboration between parties, and reduce owner 

risk.  However it would reduce owner input as well.  The main beneficiary of this change in 

delivery method would be the construction manager and at the end of the day it is a decision that 

is up to the owner.  Although they would receive some benefits by switching to this method they 

also receive some disadvantages.  The major advantages gained by switching to this method are 

not necessarily seen by the owner. 

Lastly schedule was a huge concern for this project and it was made even more important 

when the notice to proceed was given two months late.  In an attempt to find ways to reduce the 

schedule a prefabricated façade system was investigated.  Even though this approach added an 
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additional 8% to the current price of the façade, it is still suggested that it be used.  A precast 

façade would reduce the schedule by 6 weeks, create a cleaner site, allow for higher quality 

control, and create a safer site, among other things.  
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APPENDIX C: Existing Conditions & Site Plans 
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APPENDIX E: Cooling Tower Spec Sheet 
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LEED for New Construction v2.2 

Registered Project Checklist

Yes ? No

11 3 Sustainable Sites 14 Points

Y Prereq 1 Construction Activity Pollution Prevention Required Required

1 Credit 1 Site Selection 1 1

1 Credit 2 Development Density & Community Connectivity 1 5

1 Credit 3 Brownfield Redevelopment 1 1

1 Credit 4.1 Alternative Transportation, Public Transportation Access 1 6

1 Credit 4.2 Alternative Transportation, Bicycle Storage & Changing Rooms 1 1

1 Credit 4.3 Alternative Transportation, Low-Emitting & Fuel-Efficient Vehicles 1 3

1 Credit 4.4 Alternative Transportation, Parking Capacity 1 2

1 Credit 5.1 Site Development, Protect or Restore Habitat 1 1

1 Credit 5.2 Site Development, Maximize Open Space 1 1

1 Credit 6.1 Stormwater Design, Quantity Control 1 1

1 Credit 6.2 Stormwater Design, Quality Control 1 1

1 Credit 7.1 Heat Island Effect, Non-Roof 1 1

1 Credit 7.2 Heat Island Effect, Roof 1 1

1 Credit 8 Light Pollution Reduction 1 1
Yes ? No

4 1 Water Efficiency 5 Points

Required

1 Credit 1.1 Water Efficient Landscaping, Reduce by 50% 1 2

1 Credit 1.2 Water Efficient Landscaping, No Potable Use or No Irrigation 1 2

1 Credit 2 Innovative Wastewater Technologies 1 2

1 Credit 3.1 Water Use Reduction, 20% Reduction 1 2

1 Credit 3.2 Water Use Reduction, 30% Reduction 1 2

8 1 8 Energy & Atmosphere 17 Points

Y Prereq 1 Fundamental Commissioning of the Building Energy Systems Required

Y Prereq 2 Minimum Energy Performance Required

Y Prereq 3 Fundamental Refrigerant Management Required

6 4 Credit 1 Optimize Energy Performance 1 to 10

 10.5% New Buildings or 3.5% Existing Building Renovations 1

 14% New Buildings or 7% Existing Building Renovations 2

 17.5% New Buildings or 10.5% Existing Building Renovations 3

 21% New Buildings or 14% Existing Building Renovations 4

 24.5% New Buildings or 17.5% Existing Building Renovations 5

6 28% New Buildings or 21% Existing Building Renovations 6

 31.5% New Buildings or 24.5% Existing Building Renovations 7

 35% New Buildings or 28% Existing Building Renovations 8

 38.5% New Buildings or 31.5% Existing Building Renovations 9

 42% New Buildings or 35% Existing Building Renovations 10

3 Credit 2 On-Site Renewable Energy 1 to 3

 2.5% Renewable Energy 1

 7.5% Renewable Energy 2

 12.5% Renewable Energy 3

1 Credit 3 Enhanced Commissioning 1

1 Credit 4 Enhanced Refrigerant Management 1

1 Credit 5 Measurement & Verification 1

1 Credit 6 Green Power 1

*N o te fo r EA c1: A ll LEED for New Construction pro jects registered after June 26 th, 2007 are required to  achieve at least two (2) po ints under 

EAc1.

Project Name:

Project Address:
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Yes ? No

6 1 6 Materials & Resources 13 Points

Y Prereq 1 Storage & Collection of Recyclables Required

1 Credit 1.1 Building Reuse, Maintain 75% of Existing Walls, Floors & Roof 1

1 Credit 1.2 Building Reuse, Maintain 100% of Existing Walls, Floors & Roof 1

1 Credit 1.3 Building Reuse, Maintain 50% of Interior Non-Structural Elements 1

1 Credit 2.1 Construction Waste Management, Divert 50% from Disposal 1

1 Credit 2.2 Construction Waste Management, Divert 75% from Disposal 1

1 Credit 3.1 Materials Reuse, 5% 1

1 Credit 3.2 Materials Reuse,10% 1

1 Credit 4.1 Recycled Content, 10% (post-consumer + ½ pre-consumer) 1

1 Credit 4.2 Recycled Content, 20% (post-consumer + ½ pre-consumer) 1

1 Credit 5.1 Regional Materials, 10% Extracted, Processed & Manufactured Regionally 1

1 Credit 5.2 Regional Materials, 20% Extracted, Processed & Manufactured Regionally 1

1 Credit 6 Rapidly Renewable Materials 1

1 Credit 7 Certified Wood 1

Yes ? No

11 4 Indoor Environmental Quality 15 Points

Y Prereq 1 Minimum IAQ Performance Required

Y Prereq 2 Environmental Tobacco Smoke (ETS) Control Required

1 Credit 1 Outdoor Air Delivery Monitoring 1

1 Credit 2 Increased Ventilation 1

1 Credit 3.1 Construction IAQ Management Plan, During Construction 1

1 Credit 3.2 Construction IAQ Management Plan, Before Occupancy 1

1 Credit 4.1 Low-Emitting Materials, Adhesives & Sealants 1

1 Credit 4.2 Low-Emitting Materials, Paints & Coatings 1

1 Credit 4.3 Low-Emitting Materials, Carpet Systems 1

1 Credit 4.4 Low-Emitting Materials, Composite Wood & Agrifiber Products 1

1 Credit 5 Indoor Chemical & Pollutant Source Control 1

1 Credit 6.1 Controllability of Systems, Lighting 1

1 Credit 6.2 Controllability of Systems, Thermal Comfort 1

1 Credit 7.1 Thermal Comfort, Design 1

1 Credit 7.2 Thermal Comfort, Verification 1

1 Credit 8.1 Daylight & Views, Daylight 75% of Spaces 1

1 Credit 8.2 Daylight & Views, Views for 90% of Spaces 1

Yes ? No

5 Innovation & Design Process 5 Points

1 Credit 1.1 Innovation in Design: Provide Specific Title 1

1 Credit 1.2 Innovation in Design: Provide Specific Title 1

1 Credit 1.3 Innovation in Design: Provide Specific Title 1

1 Credit 1.4 Innovation in Design: Provide Specific Title 1

1 Credit 2 LEED® Accredited Professional 1

Yes ? No

45 2 22 Project Totals  (pre-certification estimates) 69 Points

Certified:  26-32 points,  Silver:  33-38 points,  Gold:  39-51 points,  Platinum:  52-69 points


