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Executive Summary 
The intent of this report is to evaluate and redesign many of the building systems within the building 

with aiming to increase the quality of the project. This will be done while taking into account 

aesthetics, functionality, energy savings, cost savings, constructability and the interrelationship 

between systems. The main systems the analysis will focus on are the lighting design and electrical 

distribution with breadth studies in the areas of structural design and acoustics. 

 

The lighting depth portion of the report focuses on four major spaces; the main entrance façade, 

main entry lobby, exhibit gallery and typical painting studio.  For each of these spaces, the report 

will cover the design criteria, initial concept, fixture selection, light loss factors, lighting controls, 

allowed power density per ASHRAE 90.1 and AGI32 analysis. Additionally, each space will have a 

design synopsis and evaluation that will convey my design process and provide commentary on the 

final product.  

 

The lighting redesign led to the need for the electrical distribution to be redesigned to account for the 

changes. Branch circuits, feeders and panelboards for each space were redesigned to handle the new 

lighting loads.  In addition, a photovoltaic array study and the use of energy efficient transformers 

versus standard transformers were both explored to determine the financial feasibility of each 

system.  While It was found that a photovoltaic array may be effective in the Northern Virginia 

Climate, it was not economically feasible due to GMU being a non-profit organization and not being 

eligible for financial tax breaks given by the federal government.  Meanwhile, it was found that the 

use of energy efficient transformers would also not be recommended due to the extremely low 

electrical utility rate. 

 

Upon analysis of the existing daylighting strategy in the typical painting studio, it was found that 

clerestories were ineffective and therefore changed to diffuse skylights. While this provided more 

uniform distribution of daylight, it also meant the redesign of the roof framing system to structurally 

accommodate the skylights.  
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Finally, an acoustical study was performed to evaluate and improve the existing acoustical 

conditions for the wood shop in the lower level of the building. The conditions in an adjacent crit 

room were evaluated as well to check for sound transmission problems from the wood shop into the 

crit room. While noise levels in the wood shop were unable to drastically change, it was found that 

by changing the construction of the crit room wall the sound transmission from the wood shop into 

the crit room could be prevented. 
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Project Background 
The department of Art and Visual Technology at George Mason University began in 1972 when 

George Mason College obtained its university status. During the 1990’s, a nationwide increase in 

enrollment among fine and performing arts degrees led to increased enrollment at GMU from 200 to 

about 500 students. In the early 2000’s  the digital arts and graphic design programs at GMU  had 

grown into among the nation’s best, helping to increase enrollment into the department. This put 

GMU on the map nationally as a significant visual arts program. The increased success and strength 

of the Art and Visual Technology department has led to the design and construction of a new 

building for the department which will feature state of the art technology. The new building 

represents the promising and dynamic future of the department.  

 

Expected to open in 2009, the Art & Visual Technology building is a new three-story building to be 

built on the Fairfax campus of George Mason University. Innovation Hall is located to the North of 

the site, while Patriot Circle encloses the site to the South and West. A newly constructed campus 

quadrangle and Research I building are located to the east. This new building is to manly house the 

needs of the different disciplines within the department including drawing, digital arts, graphic 

design, printmaking, photography, art education, sculpture, and painting. It also consists of a 

prominent gallery off the main entrance to host both student and professional venues. The future 

addition, also three stories, is to be located at the NW corner of the site and will be connected with 

the original building to function as one building. 
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Building Statistics 
 

General Building Information 

 

Building Name: 

Art & Visual Technology Building 

 

Location: 

George Mason University, Fairfax, VA 

 

Occupancy Type: 

Business (B) & Assembly (A3) 

 

Size: 

88,902 sq ft. (65,000 sq ft future addition outlined in master plan) 

 

Number of Floors 

3 stories (all above grade) 

 

Project Team 

Owner: George Mason University 

Architect: Ayers/Saint/Gross 

Civil Engineer: Edwards & Kelcey 

Structural Engineer: Tadjer-Cohen-Edelson 

MEP Engineer: Mueller Associates 

Lighting: Crampton/Dunlop 

Acoustics: Henning Associates 

 

Dates of Construction: 

Scheduled to be opened 2009. 
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Cost: 

$21,000,000 (total construction cost) 

 

Project Delivery Method: 

CM with GMP contract. 

 

Architecture: 

This building is to represent the creativity and vision of the department that it shall contain. A large 

open and flexible plan will accommodate the changing needs and differing teaching styles of the Art 

& Visual Technology department. In order to create an open industrial feel that is welcoming to the 

public, this building incorporates a combination of brick and corrugated metal paneling. The large 

curved facade will comprise of a metal frame with a brushed steel cladding. This combination of the 

traditional brick with an industrial feel of the metal cladding will tie this building into the campus 

while giving the Art & Visual technology department the uniqueness they desire. 

  

Major National Codes: 

International Building Code 2003  

International Plumbing Code 2003 

International Mechanical Code 2003 

International Fuel Gas Code 2003 

International Energy Conservation Code 2003 

National Electric Code 2002 

Virginia Statewide Fire Protection Code 2003 

International Fire Code 2003 

Americans with Disabilities Act Accessibility  

Standards Construction & Professional Services Manual 2004 rev.1 

 

Building Envelope (Walls): 

The base level is a 1’-0” thick concrete wall with 2” of rigid insulation protection board and an 

adhesive sheet membrane for waterproofing. Behind the concrete are 6” metal studs which have a 
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gypsum wallboard finish. The second and third levels are either a brick curtain wall or preformed 

metal panel curtain wall. Both wall systems have a 1” airspace then a 1/2” thick exterior sheathing 

for weatherproofing. Behind the weatherproofing is a 2” layer of rigid insulation and finally 6” metal 

studs for support. 

 

Building Envelope (Roof): 

Four types of roof assemblies are employed for this building. The first is a composite roof decking 

comprising of 3” metal decking and a 6-1/4” concrete slab. On top of the concrete slab is a layer of 

rigid insulation and tapered insulation. A ½” layer of recovery board and 4” ply built-up roofing 

system complete the first roofing assembly. Two of the other assemblies both include metal decking, 

with one containing both rigid and tapered insulation while the other only utilizes rigid insulation. 

The fourth roofing assembly is also a metal decking using rigid insulation once again, but it also uses 

plywood, a slip sheet and a pre-finished standing seam metal roof (seams at 24” O.C.) 

 

Construction: 

The project is projected to be completed by 2009. However as of now there is no hard date for when 

construction is going to begin. 

 

Electrical: 

Electrical service is supplied to the building from Dominion Virginia Power to a pad mounted 

exterior utility transformer where it is stepped down from 34.5kV to 480Y/277. It is then fed to the 

2000A main switchboard located in the main electrical room on the lower level. 480Y/277V service 

is distributed to each floor at the east & west electrical closets. 208Y/120V panels are located in each 

electrical service via 480Y/277V to 208Y/120V transformers. Life safety and stand by loads are on a 

pad mounted exterior 80kW diesel generator. 

 

Lighting: 

In conjunction with a large amount of exposed ceiling, the primary lighting systems utilize pendant 

fixtures. Classrooms, offices, and studios all use a linear fluorescent direct/indirect fixture. The 

corridors make use of compact fluorescent downlights. The exhibit gallery and studio spaces make 
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use of a custom suspended uni-strut grid that has track lighting mounted to it. Clerestories provide 

daylight to the painting and drawing studios, which are along the southern face of the building on the 

upper level. 

 

Exterior lighting consists of pole mounted fixtures which line the main north/south walkway. In-

grade fixtures accent the main entrance along with curved metal clad wall which slices thru the 

building. 

 

Mechanical: 

The Art & Visual technology building utilizes hot and chilled water which is supplied from an 

existing campus line. Two rooftop variable airflow AHU’s supply the buildings air. A 70,000cfm 

AHU supplies the majority of the building spaces while a 25,000cfm AHU supplies exclusively the 

wood, metal and stone/plaster workshops. A dedicated dust and particle collection system serves 

these spaces as well. Finally, the server room and telecom spaces are served by individual ductless 

split systems. 

 

Structural: 

4” reinforced spread footings are used as the foundation system. Gravity loads are resisted by a 

cambered composite steel & concrete decking, which has a total thickness of 6 ¼”. Lateral resistance 

is achieved through both braced and moment framing. There are two roofing systems; 3” steel 

decking and composite steel and concrete. Finally, transfer girders are used throughout the building 

where necessary. 

 

Fire Protection: 

The building is protected by a combined standpipe and sprinkler system. The standpipe is an 

automatic wet-type class I. Meanwhile, both wet-pipe and pre-action sprinklers are used in the 

building. The system is comprised of addressable fire detection equipment, the ability to alarm a 

central campus monitoring system and automatic controls to shut down air handling equipment in 

the case of fire. 

 



George Mason University   Allen Walker 
Art & Visual Technology Building                 Lighting / Electrical Option 

  
Page 13 

 
   

Transportation: 

The building has a central elevator shaft with one passenger elevator and one freight elevator. Both 

elevators are hydraulically powered and serve all three stories of the building. The passenger 

elevator is rated for 3,500 lbs while the freight elevator is rated for 6,000 lbs. Both are to run on 480 

volt, 3 phase, 60 hertz power. 

 

Telecommunications: 

The Art & Visual Technology building ties into the campus telecommunications system via a 4” 

underground duct which connects into the existing system at the north end of the site. The 4” duct 

runs into the main telecommunications room which is on the lower level. Cable trays run the along 

the length of the corridors above the accessible ceiling. Combination voice/data outlets are located in 

practically all spaces. In most studio spaces these are mounted in floor boxes. In the digital studios 

and graphic design are two areas of extensive telecommunication services where there is a 

combination outlet for every seat in the room.   
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Lighting Depth 
 

Introduction 

The over-arching theme to the lighting design for Art & Visual Technology building was to design a 

unique and creative solution to foster imagination and ingenuity among faculty and students, while 

still meeting the quantitative needs of the space. While many of the designs have a minimalistic feel, 

they create a dynamic sense of space while still maintaining a simplistic regiment.  

 

Complete lighting analysis of the following spaces will be investigated 

1. Main Entrance Courtyard 

2. Entry Lobby 

3. Typical Painting Studio 

4. Exhibit Gallery 

 

In addition to providing the needed documentation to accurately describe the physical appearance of 

each redesigned space, a discussion of each lighting system will include, but not limited to, the 

following areas: design criteria, lighting controls, ASHRAE power densities, luminaire schedules 

and light loss factors and controls. 
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Main Entrance Courtyard 
 

Space Summary 

The main entrance to the building is defined by a curved wall that cuts through the building and the 

exhibit gallery. This makes the entrance somewhat hidden to pedestrians heading from the north and 

completely hidden for those approaching from the south. The two main visual cues that this area is 

the entrance are the department flag/logo which is prominently located at the end of the curved wall 

and the entrance canopy with the building name on it.  

 

Surface Finishes 

Walkway: Sealed Concrete ρ= .38 

   
 

Facade: Architectural Concrete ρ= .55 

   
 

Facade: Aluminum Paneling ρ= .82 

   ` 
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Existing Design 

The existing design made use of pole mounted fixtures that illuminate the walkway along the length 

of the building. In-grade and recessed fixtures were utilized for the lighting of the ramp and also the 

stairs. The existing design had met the safety goals of pedestrians coming to the building but failed 

to address improving the quality of the space. 
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Design Criteria 

 Horizontal Illuminance 

The IESNA handbook recommends 5fc on horizontal surfaces at the main building entrance 

and 0.5fc on pedestrian walkways 

 

 Vertical Illuminance 

The IESNA handbook recommends 3fc on vertical surfaces at the main building entrance 

and 0.5 fc on pedestrian walkways. 

 

 Appearance of Space and Luminaires 

The appearance of space is very important. The lighting design should create a sense of space 

and for the building. It also should express that the building is for the Art & Visual 

Technology department. 

  

 Light Distribution on Surfaces 

Important to help with way finding to help those find their way to the main entrance of the 

building. This is achieved by having brighter sources as you get closer to the entrance. 

 

 Light Distribution on Task Plane 

It is important to create a uniform level of light on walkway for safety. In particular, the 

stairs in front of the main entrance need to be adequately illuminated to prevent a tripping 

hazard. 

  

 Modeling of Faces and Objects 

As people walk by the building at night is important for them to feel safe. The modeling of 

faces and objects puts people at ease because they can see other people and other objects they 

are approaching. 

 

 Points of Interest 
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Points of interest in the façade courtyard area include the main entrance and the department 

banner. Another key feature to the entry courtyard is the curved façade which creates the 

southern boundary to the main entrance space. Both of these features are to be illuminated for 

aesthetics and way finding. Finally, I would want to illuminate the display banner which is at 

the end of the curved façade. This is good opportunity to showcase the department and create 

a “beacon” within this area. 

 

 Direct Glare 

With many people traversing the site without going in the building, it is important to provide 

adequate lighting along the walkway. All fixtures used to illuminate the walkways should 

avoid direct views of the lamp as glare is more easily perceived at night. 

 

Design Synopsis 

My original concept for the main entrance centered on highlighting the area around the main 

entrance and also highlighting the department banner logo. After receiving comments from designers 

at the Lutron presentation during fall semester, I had slightly changed my goals for the lighting of 

this space. Since this is a building for the Art & Visual Technology department, I decided to do 

something a little more unique and also a lighting design that defined the building and space. I 

accomplished this through the use of color changing in grade LEDs that line the ramp up to the 

building as well as along the curved wall that defines the one edge of the main entrance.  

 

Initial Concept Sketch 
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Lighting Layout 

 
* Note: See Appendix G for a 1/8” = 1’-0” Plan 
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Controls 

Lights will be automatically controlled through a astronomical time clock which is integral to the 

building’s existing Lutron Digital Grafik Eye system. The Grafik Eye will also allow for complete 

user control over the LEDs. This will allow GMU to program the LEDs to change color or during 

certain times of day or for certain events, etc.  

 

Schedules 

 Luminaire Schedule 
Luminaire 

Type 
Manufacturer Catalog # Lamps Ballast Volts Comments 

G Bega 8996MH 

(1)CDM100/ 

830/ED17 

 

M5 277 
Pole area walkway 

lighting 

H Erco 34105.023 

(1)MC39T6/ 

U/G12/ 

835PB 

(L6) 

M6 277 Banner Floodlight 

I Bega 1323 

(1)20T3Q/ 

MINISTAR/S 

(L7) 

- 12v 

Step light with integral 

transformer. Supply 

120v to fixture. 

J Light Wild 

LW/Tile/FLR/ 

RECT/ 

2.165x11.8/ 

FROST/RGB/ 

BOXY 

72 LEDs 

(6W) 
- 24V DC 

In-grade fixture, 

integral transformer, 

supply 120v AC. 

O 
Color 

Kinetics 

#116/ 000016/ 

00/00 

144LEDs 

(280W) 
- 120V 

Custom in grade 

housing to 

accommodate 

pedestrian traffic load. 

P Prescolite 
D4LED/277V/ 

4D9/WT 

4 LEDS 

(13W) 
- 277V 

Surface Mounted 

Canopy Downlight, 

*Note: Please See Appendix A for additional information on luminaires, lamps, and ballasts 

  

 Light Loss Factors  
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Luminaire 

Type 

Maintenance 

Category 

Room 

Atmosphere 

Cleaning 

Cycle 

Initial 

Lumens 

Mean 

Lumens 

LLD  Ballast 

Factor 

LDD  RSDD  LLF 

G  V  Medium  12mo.  8800  6600  .75  .94  .82  ‐  .58 

H  V  Medium  12mo.  3400  2720  .80  1.0  .82  ‐  .66 

I  V  Medium  12mo.  320  ‐  .90  1.0  .82  ‐  .74 

J  V  Medium  12mo.  132  ‐  .90  1.0  .82  ‐  .74 

O  V  Medium  12mo.  2282 

(White) 

‐  .9  1.0  .82    .84 

P  IV  Medium  12mo.  232  ‐  .9  1.0  .87  ‐  .78 

 

ASHRAE Standard 90.1 Power Allowances 

Tradable Surfaces  

  Walkways less than 10 feet Wide: 1.0 W/linear foot  

   105 linear ft • 1W/linear ft = 105W  

  Palaza areas: .2W/ft2 

   950 ft2 • .2W/ft2 = 190W  

Stairways: 1.0W/ft2 

93ft2 • 1.0W/ft2 = 93W 

  Main entries: 30W/linear foot of door width 

   12 linear ft • 30W/ft2 = 360W 

Canopies: 1.25W/ft2 

225ft2 • 1.25W/ft2 = 281W 

  Total allowable tradable watts =1,029  

    

Non-Tradable Surfaces 

Building Facades 0.2W/ft2 or 5.0 W/linear foot of illuminated wall 

   52ft•  5.0W/ft               = 260W available 

    1,760ft  * 0.2W/ft2   = 352W  

               = 612W 

Tradable Power Consumption 
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6 “G” fixtures  * 118 input watts/fixture      = 486 W 

2 “H” fixtures  * 54 input watts/fixture       = 108 W 

  6 “I” fixtures  * 20 input watts/fixture        = 120 W 

  4 “P” Fixtures * 13 input watts/fixture        = 52W 

Total power consumption           = 766W <1,029W 

 

Non-Tradable Power Consumption 

3 “O” Fixtures * 280 input watts/fixture    = 840W 

43 “J” fixtures * 6 input watts/fixture         = 258 W 

Total power consumption           = 1098 W > 612 W 

*Though this value is above ASHRAE standards, I feel that the statement that the 

lighting design makes along with the overall power savings elsewhere in the building 

justify this design. 
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AGI Analysis 
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Illuminance Data 

 Building Entrance Illuminance 
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Pedestrian Walkway Illuminance data 
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Evaluation 

As the icon for the Department of Visual Technology, it is important to make an impressive first 

statement. The LEDs along the main curved wall and site wall both create a sense of space but also 

lead people into the building.  General area lighting is provided for the pedestrian walkway through 

pole mounted fixtures (though not accurately depicted due to time constraints).  The use of LEDs 

along the two walls creates a dynamic contrast that defines this building and space as the Art & 

Visual technology department.  

 

Given more time I feel that this space could be of higher quality. However, I have had many 

difficulties properly modeling the area luminaries, in particular having the proper photometric 

center. Another difficulty I encountered was a limitation within AGI, in that it does not allow you to 

easily align and position fixtures. This was a difficult for the LED fixtures that wash the concrete 

wall that lines the sloped walkway.  

 

To conclude, I am very pleased with how my lighting design evolved over the course of the year. I 

feel that my current design achieves the design criteria I set out extremely well. However, I am 

disappointed in the technical setbacks I faced in depicting my design. 
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Entry Lobby 

Space Summary 

The lobby to the main entrance is a long rectangular space that connects the building together. The 

gallery space is connected to the North of the lobby while the two main corridors come off the lobby 

to the South. Connected to the west side of the lobby is a small student lounge with seating and a 

coffee table. The open staircase in the entry lobby spans from the lower level through the upper 

level. There is a roughly 20’x30’area surrounding the staircase which is open to above and below. 

The staircase is comprised of a metal handrail & frame with an ornamental wire mesh panel. The 

ceiling is composed of dry wall at 13 feet above finished floor.  
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Surface Finishes 

 Floor/Stairs: Sealed Concrete ρ= .38 

   
Walls: painted gypsum wall board ρ= .80 

   
 Handrails: Steel ρ= .38 

   
    

Ceiling: White Drywall ρ= .80 

   
   

Existing Design 

The existing design made use of a recessed compact fluorescent downlight (type L) and also a direct 

compact fluorescent pendant fixture (type J). For the illumination of the stairwell a surface mounted 

direct fixture is mounted to the underside of the stair above.  
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Design Criteria 

   

 Horizontal Illuminance 

The IESNA handbook recommends an average of 10fc on the horizontal plane in this space. 

However, I feel that providing an average of 20fc will make the space feel more welcoming 

and active. 
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 Vertical Illuminance 

   The IESNA handbook recommends an average of 3fc on the vertical plane in this space. 

 

 Appearance of Space and Luminaires  

The main lobby is the first impression for occupants of the Art & Visual Technology 

building. It is important to provide a visually pleasing space to impress visitors to the 

building, as well as, set up the creative and innovative atmosphere for students and faculty. 

 

 Direct Glare  

It is important for those just entering the building to not have any glare hindering their ability 

to get oriented to the building. Also, this will be a busy area between classes and any glare 

could cause a disruption in the flow of people in and out of the building. 

    

 Luminances of Room Surfaces  

I want the design to utilize light distribution on surfaces to help with way finding. High 

luminances near the stairwell will help guide people to it as well as down the corridor to 

access the elevators, which are in a remote location. 

 

 Modeling of Faces and Objects  

The modeling of faces and objects is important as the lobby will be a place of gathering and 

meeting for many. In addition, having proper modeling of faces and objects will help create a 

welcoming feeling. 

 

 System Control and Flexibility  

Lighting needs to be integrated with the automated lighting system. Remote manual location 

of controls is needed to avoid any unintended switching of lights.  
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Design Synopsis 

Based on comments from my presentation at Lutron, I revised my initial design slightly to create a 

more unified design. The overall concept stayed the same however I changed several things 

including decreasing the number of rows of slot downlights and also to make them wrap around the 

corner to continue down the corridors.  I also changed from utilizing several wall sconces across the 

various columns in the lobby to having just one continuous strip on the major column in the 

stairwell. By making these changes I was able to create a simplistic design that is visually dynamic 

by expressing the dimensions of the room. 

 

Initial Concept Sketch 
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Lighting Layout 

 

 * Note: See Appendix H for a 1/8” = 1’-0” Plan 
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Controls Overview 

The primary means of lighting control in the entry lobby will be a time-clock. However, manual 

operation of the lights is accomplished at the Northwest corner of the lobby. The existing Lutron 

Digital Graik Eye 7000 has a built in time clock that will automate the control of this space under 

normal operation.  

 

Schedules 

 Luminaire Schedule 
Luminaire 

Type 
Manufacturer Catalog # Lamps Ballast Volts Comments 

C Se’lux 

M1B1-

1T5-SA-

X-SH-

004-WH-

277 

(1)-FP28/835 

(L1) 
M2  277 

Recessed Continuous slot 

downlight 

D Se’lux M1N1-TS 
(1)-FP28/835 

(L1) 
M2 277 

Recessed continuous 

sconce with satin diffuse 

lens 

E Kurt Versen 
H8632-

WT 

(1)-PLT/32W/ 835/ 

4P/ ALTO 

(L3) 

M3 277 
Recessed 6” Square 

Downlight 

F Lightolier 
CL-1-4-

E82 

(1)-F032/835/ECO 

(L4) 
M4 277 

Stairwell cove fixture. See 

Proceeding information on 

mounting details. 

*Note: Please See Appendix A for additional information on luminaires, lamps, and ballasts 
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Light Loss Factors  

Luminaire 

Type 

Maintenance 

Category 

Room 

Atmosphere 

Cleaning 

Cycle 

Initial 

Lumens 

Mean 

Lumens 
LLD

Ballast 

Factor 
LDD  RSDD LLF 

C  IV  Clean  12mo.  2600  2418  .93 .98  .93  .97  .82 

D  V  Clean  12mo.  2600  2418  .88 .98  .89  .97  .74 

E  IV  Clean  12mo.  3200  2720  .93 .98  .93  .97  .82

F  VI  Clean  12mo.  2950  2710   92 .98  .85  .97  .74

 

ASHRAE Standard 90.1 Power Allowances: 

 Lobby                                                               = 1.3W/ft2                          

Area (~35’x~60’)                                             = 2,307 ft2 

Total Allowed Wattage                                    = 2,999.1W          

 

Power Consumption 

 21 “C” fixtures  * 33 input watts/fixture     = 693 W 

  8   “D” fixtures  * 33 input watts/fixture     = 264 W 

 10  “E” fixtures  * 36 input watts/fixture      = 360 W 

6    “F” fixtures * 29 input watts/fixture       = 174 W 

Total power consumption             = 1,491 W < 2,999 W 
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Stairwell Cove Detail 
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AGI32 Analysis  
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Illuminance Data 
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Evaluation 

The combination of the slot downlighting and the continuous sconce on the stairwell column creates 

linearity in all three dimensions of the space. This helps emphasize the volume of the space and also 

meant to represent how art starts with just one line or brush stroke. In addition, the lighting design 

helps visitors to the building with way finding by pointing them to the main stairwell and corridors. 

The cove system creates a unique solution to the lighting of the stairwell area, however due to time 

limitations I could not refine it as much as I would have liked. Overall, I feel that this design meets 

my design criteria in an interesting and distinctive way. 
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Painting Studio  

Space Summary 

The painting studio is roughly 36’x41’ in area with a 17’ finished ceiling. In this space the main 

activity is student’s painting. The space is quite open with the main furniture to be movable stools 

and canvases for painting purposes. There is also a stationary desk along the main wall along with a 

set of two sinks for cleaning paint supplies.  This is one of 4 identical studios on the top floor of the 

building.  
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Surface Finishes 

Floor: Sealed Concrete ρ= .38 

   
 

Walls: painted gypsum wall board ρ= .80 

   
 

Doors: Finished Wood ρ= .15 

    
 

Ceiling: White Drywall ρ= .80 

   
 

Skylight: Skylight: Advcaned Glazings Solera S glazing unit 
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Internal & External veil 401  

 Visible Transmittance = 34% 

 U-Value = 0.2  

 Solar Heat Gain coefficient = .32 

*note: See Appendix B for product cut sheet 

 

Skylight Wells: painted Drywall ρ= .90 

 

 Blackout Skylight Shade (Black in color)  

   
 Light control Skylight Shade (Black in color) 

 
 

Existing Design 

The existing design consisted of a suspended uni-strut grid with surface mounted track lighting 

combined with an indirect/direct pendant fixture. Daylight was achieved through a central clerestory 

which was roughly the size of the uni-strut grid. The existing design was very energy intensive due 
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to the large amount of track lighting which was provided. Additionally, the indirect/direct fixtures 

predominantly lit the ceiling, but left the clerestory a black void during not daylit hours. 

 

Power Consumed with Existing Design 

 Indirect fixtures 1,280 W 

 Track Lighting  7,000 W (7 circuits of 10 fixtures at 100W each) 

 Total power       8,280 W 
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Electric Lighting with no daylight 

 

 

 

Daylight Analysis: September 4, 11:00am 

                                                
 

Design Criteria  

 Horizontal Illuminance 

The IESNA handbook recommends 50fc on horizontal surfaces within a painting studio. 

 

Vertical Illuminance 

 The IESNA handbook recommends 30fc on vertical surfaces within a painting studio 
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Appearance of Space and Luminaires  

It is important that the space is comfortable as students will spend large periods of time in 

this room. In addition it is important that the space creates a feeling of creativity and 

ingenuity.  

  

 Daylight Integration and Control 

This is one of the most crucial criterions for this space. A large window along the east wall 

and expansive skylights allow a vast amount of daylight into the space. Control of this 

daylight is necessary to provide a comfortable and efficient working space.  

   

 Light Distribution on Task Plane 

A uniform and bright distribution of light is required on the task plane(easel) in this space. 

 

 Luminances of Room Surfaces  

The walls and ceiling need to be bright in order to create a feeling of spaciousness. Lighting 

these surfaces will “open-up” the space. 

  

Modeling of Faces and Objects 

The modeling of faces and objects is paramount to bring out the texture, depth, shape of the 

objects to be painted 

    

 Source/Task/Eye Geometry 

Source/Task/Eye geometry is important to consider to avoid shadowing onto the students’ 

easels due to their bodies. 

  

 System Control and Flexibility 

The lighting system should incorporate daylight sensors to allow automatic dimming during 

the day to save energy and keep from over lighting the space. Another essential element to 

the controls is having the capability for manual dimming which gives occupants flexibility to 

create the desired aesthetic to the space. 
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Design Synopsis 

The key feature to the original design was a clerestory which allowed natural light into the space. 

After a daylight analysis, it was found that the clerestory was inefficient and after many design 

iterations, including the use of SkyCalc and AGI32, it was removed in lieu of a skylight system. 

Along with the switch to a skylight system, the implementation of mechanical operated shades 

across both the window and skylights was utilized to allow occupants the flexibility in the 

appearance of the space. Once the daylighting strategy was in place, the original electric lighting 

design concept was evaluated and deemed ineffective due to the inefficiencies of using an indirect 

lighting system in such a tall space with skylights. The lighting design was then switched to a 

recessed fluorescent slot lighting system.  Also, the track lighting moved from a separate recessed 

channel into mounted on the inside of the skylight well. The final artificial and daylighting systems 

were then analyzed in SkyCalc and AGI32 to evaluate energy savings and the visual appearance of 

the space. 

 

Initial Concept Sketch 
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Lighting Layout 

  
 * Note: See Appendix I for a 1/8” = 1’-0” Plan 

**Note:  lower case letters designate zones  

 

 

 



George Mason University   Allen Walker 
Art & Visual Technology Building                 Lighting / Electrical Option 

  
Page 51 

 
   

Painting Studio Section 

 
Section thru studio facing east 

 

Skylight Detail 
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Controls Overview 

The painting studio will be integrated into the building’s existing Lutron Digital Grafik Eye7000 

series.  A Lutron slider (product # OMXSL) control unit will be implemented to control the dimming 

of each individual zone of light.  Additionally, shade controls will be integrated into a custom-

designed wallbox that houses both lighting and shade controls. Finally, a photocell will be utilized 

for automatic dimming of the electric lighting under normal daylight conditions. 

  *Note: See appendix C type 1C for a product cut sheet 

 

Schedules 

 Luminaire Schedule 
Luminaire 

Type 
Manufacturer Catalog # Lamps 

Ballast 

Type 
Volts Comments 

A Se’lux 

M1B1-2T5-

SA-X-SH-

004-WH-

277-DM 

(2) 

FP28/835 

(L1) 

M1 120 
Recessed slot downlight, 

Dimming Ballast 

B 
Lighting 

Services Inc 
C100-00-W 

50PAR20-

H-SP10 

(L2) 

n/a 120 
Track Lighting Mounted to 

Skylight Opening 

*Note: Please See Appendix A for additional information on luminaires, lamps, and ballasts 

  

 Light Loss Factors  

Luminaire  

Type 

Maintenanc

e Category 

Room 

Atmosphere 

Cleaning 

Cycle 

Initial 

Lumens

Mean 

Lumens
LLD 

Ballast 

Factor 
LDD  RSDD LLF 

A  IV  Clean  12mo.  2600  2418  .93  1.0  .89  .96  .79 

B  IV  Clean  12mo.  750  ‐  .95  1.0  .89  .96  .77 

  

ASHRAE Standard 90.1 Power Allowances 

 Classroom/Lecture/Training = 1.4W/ft2      

 Area   (37’x41’)                    = 1,517 ft2 

 Total Allowed Wattage         = 2,123.8W 
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Power consumption 

24 “A” fixtures * 62 input watts/fixture     = 1,488 W 

 12 “B” fixtures * 50 watts/fixtures             = 600 W 

 Total power consumption          = 2,088 W < 2,123 W 

 

Motorized Shades  

The implementation of MechoShade® motorized shades was necessary to achieve the desired 

lighting control as well as for overall general comfort of those in the space. While the skylights 

provide ample daylight under an overcast condition, with average illuminance levels ranging from 

30 to 55 footcandles, it provides far too much light in under certain clear sky conditions. The two 

shade options give the occupants the choice between completely eliminating daylight or just cutting 

it back to a more comfortable level. The shades will be controlled through an integrated Lutron 

Grafik-Eye® system which will control the lighting and shades simultaneously.  

            

SkyCalc  Analysis 

The aim of the SkyCalc analysis was to determine the financial and environmental impact  of 

switching from a clerestory system to a skylight system. SkyCalc was programmed intended towards 

the analysis of skylight systems and thus the use of it to analyze a clerestory daylighting system or 

any other system would be not valid. Therefore, it was not possible to get a side by side economic 

comparison of the clerestory system and skylight system. As mentioned in the design synopsis for 

the painting studio, the main goal of changing daylighting strategies was to provide daylight more 

evenly in the space. As such, SkyCalc analysis compares the energy and cost savings of having a 

skylight system versus not having one at all. 

   

Performance data for the skylight was entered per the specifications of. The electricity rate for the 

analysis used the off peak charge of $0.00272 per kWh as outlined by the utility rate for the building. 

While this value seems extremely low, I had spoke with a representative from Dominion Virginia 

and the confirmed the value of $0.00272 per kWh.   

  *A copy of the utility rate schedule can be found in appendix D 
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As not all options were available to completely tailor the analysis to the Art & Visual Technology 

building, certain assumptions were made to make this possible. Firstly, weather data for Fairfax, 

Virginia was not available. Instead, weather data from nearby Washington D.C. was used. 

Additionally, the cost per thermal of heating was estimated at $1.40/thermal.  
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SkyCalc Evaluation 

Through the use of SkyCalc it was found that the skylighting system will save up to 2,454 kWh per 

year or roughly $20 per year for each typical painting studio. There are three additional identical 

spaces; if the skylights are implemented in these spaces as well the owner could expect to see 



George Mason University   Allen Walker 
Art & Visual Technology Building                 Lighting / Electrical Option 

  
Page 60 

 
   

potential annual savings near 10,000 kWh and $80. One thing to note is that these are maximum 

values as occupants will sometimes close off the skylights to obtain a specific lighting condition for 

painting purposes.   

 

As noted by graphs, a higher sky to floor ratio could have been utilized for additional energy and 

cost savings. This was not pursued due to the increasing costs of construction and materials versus 

the quickly marginalized returns.   

 

Though not within the scope of this report and analysis, the architectural impacts would then need to 

be addressed, as the clerestories, which were replaced with skylights, provided a rhythm and distinct 

look for the east façade. Given the improvement of daylight into the space and the fact that it doesn’t 

cost additional money, I would recommend the addition of skylights in the typical painting studio 

classrooms. 
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AGI32 Analysis (Electric Only) 
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Illuminance Data (Daylight only) 

 

September 4th, 11:00am 
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May5th 11:00am  
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Evaluation 

The new lighting design was able to achieve a more uniform distribution of daylight throughout the 

year. With the addition of a motorized shading system and a photocell, occupants of the space can 

reap the benefits while still having total control of the environment they paint in. The creation of the 

splayed skylight wells allowed for the track lighting to be mounted at the edge of the well, unifying 

the daylight and electric lighting systems.  The electric lighting system creates a sleek, unique feel to 

the space through the linear slot downlighting. These design goals were met while still meeting 

ASHRAE and IESNA standards and recommendations. 
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Exhibit Gallery 
The exhibition gallery is located directly off the main lobby of the building. This space is roughly 

72’x35’ with the East wall angled outward. The exhibit gallery is to display student work for 

students and professionals. Art of all mediums will be displayed in this space, therefore flexibility is 

a must. One key note to this space is that there is very little natural light in the space, as the only 

window is on the North East corner of the space. Therefore, limiting UV light on exhibits should not 

be an issue.  

 
Surface Finishes 

Floor: Sealed Concrete ρ= .38 

   
 

Walls: painted gypsum wall board ρ= .85 

   
 

Doors: Finished Wood ρ= .15 

    
 

Ceiling: Wood Paneling ρ= .30 
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Existing Design 

The existing designed used a suspended uni-strut grid to attach the track lighting system. The grid 

hangs from 12’ above the finished floor. Meanwhile, pendant direct/indirect fixtures provided the 

ambient light for the space.  

 
Power Consumed with Existing Design: 
  Direct/Indirect Fixtures 768W 

  Track Lighting 8,000W (8 circuits of 10 fixtures at 100W each) 

  Total wattage used 8,768W >> 2,345W 
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Design Criteria 

 Horizontal Illuminance 

The IESNA handbook recommends 30fc on horizontal surfaces within an art exhibit. 

However, I feel that this would take away from the ambiance of the space, thus I am 

targeting 15 fc. 

    

Vertical Illuminance 

The IESNA handbook recommends 5fc on vertical surfaces within an art exhibit. 

 

 Appearance of Space and Luminaires  

The fixtures within the art gallery should draw as little attention to the actual fixture 

themselves. The main purpose of a gallery is to look at the exhibit and the lighting system 

should embrace this notion rather than try and steal attention away.  

  

 Direct Glare  

It is important to keep the spotlights out of direct view. As long as fixtures are aimed 

properly this should be easily achievable.   

  

Light Distribution on Surfaces  

Uniformity of light distribution on the painting and other two-dimensional displays is of the 

utmost importance. However, for any three-dimensional displays crisp, distinct shadows can 

help the display have a clear distinct view. 

   

 Luminances of Room Surfaces  

  Luminances of non display surfaces should be low to not draw attention away. 

  

Modeling of Faces and Objects  

The modeling of objects is extremely important to bring out the texture, depth, shape of the 

displays whether they are anything from paintings to sculptures. These features are what 

make many art pieces interesting and unique.     
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 Reflected Glare  

This will be an issue dependent on the finish of the display (especially glossy and glass 

encased). In these situations aiming will need to be done to avoid reflections of source in the 

display. 

 

 System Control and Flexibility 

Flexibility within this space is crucial to be able to effectively light all types of work and 

layouts for the space. Control of fixtures is very important to have the ability to turn on and 

off fixtures and dim them as needed. Also, the ability to easily re-aim fixtures for new 

displays will keep the lighting design working as intended. 

 

Design Synopsis 

My final lighting design for the exhibit gallery was very similar to my schematic design presented at 

Lutron during fall semester. However, there has been much iteration to finalize fixture selections, 

especially on what track fixtures to provide. As part of my design, I wanted to provide the maximum 

amount of flexibility to the lighting system while keeping an extremely low profile for the lighting 

design. I wanted to keep a very low profile to keep the focus on the exhibits.  To help with this goal I 

selected black baffled video-conference fixtures for the general purpose 1’x4’s. These were selected 

because they will disappear in the black channels I have created to house the lighting design.  Then 

the track lighting will also be recessed in the channel and will have a black finish.  I ended up 

choosing a 10°, 25° and 35° lamps to provide a wide range of distributions for each display. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



George Mason University   Allen Walker 
Art & Visual Technology Building                 Lighting / Electrical Option 

  
Page 70 

 
   

Initial Concept Sketch 
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Lighting Layout 
 

 
 * Note: See Appendix J for a 1/8” = 1’-0” Plan 



George Mason University   Allen Walker 
Art & Visual Technology Building                 Lighting / Electrical Option 

  
Page 72 

 
   

Lighting Zone Plan 
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Controls 

Control of this space will incorporate the use of Lutron’s OMX-4600 unit that has the capability to 

have 4 predetermined scenes and can control up to 24 zones of light.  The first scene would be an all 

on condition for cleaning and maintenance purposes. The second would have all the type K fixtures 

off leaving just the accent lights on. The third and fourth scenes would be programmed based on the 

owners’ desire for the appearance of the current display. This gives the owner the flexibility to 

highlight specific pieces of art work or control overall light levels in the room. 

  *See appendix C type 2C for the controls cut sheet 

 

Schedules 

 Luminaire Schedule 
Luminaire 

Type 
Manufacturer Catalog # Lamps Ballast Volts Comments 

K Focal Point 

FTV/14/D/ 

2/T5/E/277/ 

G/PB/DF/BK 

(2) FP28/835 

(L1) 
M1 120 

Recessed 1’x4’ troffer, black 

matte finish louvers. 

Dimmable Ballast.  To be 

mounted flush with bottom of 

channel.  

L 
Lighting 

Services Inc. 
C100-00-B 

(1)50PAR20/ 

H/FL25 

(L8) 

n/a 120 

Recessed Track mounted at 

top of channel. Black finish 

housing. 25 degree beam 

spread. 

M 
Lighting 

Services Inc. 
C100-00-B 

(1)50PAR20/ 

H/SP10 

(L2) 

n/a 120 

Recessed Track mounted at 

top of channel. Black finish 

housing 10 degree beam 

spread. 

N 
Lighting 

Services Inc. 
C110-00-B 

(1)50PAR30/ 

HIR/FL35 

(L9) 

n/a 120 

Recessed Track mounted at 

top of channel. Black finish 

housing 35 degree beam 

spread. 

*Note: Please See Appendix A for additional information on luminaires, lamps, and ballasts 
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Light Loss Factors  

 

 Luminaire 

Type 

Maintenance 

Category 

Room 

Atmosphere

Cleaning 

Cycle 

Initial 

Lumens

Mean 

Lumens

LLD Ballast 

Factor 

LDD  RSDD LLF

K  IV  Very Clean  12mo.  2600  2418  .93  1.0  .93  .98  .85 

L  IV  Very Clean  12mo.  570  498  .87  1.0  .93  .98  .79

M  IV  Very Clean  12mo.  750  ‐  .9  1.0  .93  .98  .82

N  IV  Very Clean  12mo.  630  ‐  .9  1.0  .93  .98  .82

 

ASHRAE Standard 90.1 Power Allowances 

 Museum – General Exhibition 1.0W/ft2 

 Area  35’x67’ =2,345ft2 

Exception 9.6.3 (a) “For spaces in which lighting is specified to be in addition to the general lighting 

for the purpose of decorative appearance, such as chandelier-type luminaires or sconces or for 

highlighting art or exhibits, provided that the additional lighting power shall not exceed 1.0W/ft2 or 

such spaces. 

Exception allowed wattage = 2,345W 

Total allowed wattage         = 4,690W 

 

Power Consumption 

12 “K” fixtures  * 62 input watts/fixture       = 744 W 

19 “L” fixtures  * 50 input watts/fixture        =  950 W 

 19 “M” fixtures  * 50 input watts/fixture       = 950 W 

 19 “N” fixtures  * 50 input watts/fixture        = 950 W 

 Total power consumption              = 3,594W <4,690W 
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AGI Analysis (All On condition) 
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Illuminance Data (All On Condidtion) 
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AGI Analysis (Accent Fixtures Only) 
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Illuminance Data (Accent Fixtures only) 
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Evaluation 

The goals of the lighting redesign this space were to provide a flexible lighting system for any 

configuration of art exhibits and  to have a low profile design while meeting ASHRAE standards. 

Through the use of the recessed channels to house the 1x4 video conference fixtures and the track 

lighting, the lighting design was able to create a minimal profile within the space. However, I was 

unable to accurately render how the 1x4 black louvered fixtures would appear within the space. They 

would be much less apparent than they seem in the all on condition rendered above. With the use of 

the existing dimmer panel, ambient levels can vary from any full output (all on condition) to where 

they are off (accent fixtures only).  Additionally the accent lighting also has the flexibility to dim 

from full output (shown) to any other level desired. 
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Electrical Depth 
 

Introduction 

The existing electrical system for each space redesigned in my lighting depth had to be adjusted 

accordingly to the new design. The following electrical depth will illustrate how these modifications 

were accommodated.  

 

In addition to adjusting the existing electrical distribution to these spaces, a study was done to 

evaluate the determine feasibility of implementing a photo voltaic array on the roof of this building. 

A second study was done to compare standard transformers versus energy efficient ones.  

 

Existing System  

The Art & Visual Technology Building utilizes simple radial distribution at 480Y/277V, 3φ, 4W. It 

originates at the 2000A switchboard, which is located in the lower level main electrical room. The 

main switchboard has ten internal circuit breakers; two are dedicated to the automatic transfer 

switches, six go to distribution panels throughout the building and the final two are dedicated to each 

elevator. There are also four spaces left open in the switchboard with frame sizes ranging from 250A 

to 600A. Distribution is divided into panels that feed the North end of the building and those that 

feed the South. On the lower level, the main electric room feeds the South end of the building, while 

there is an electrical closet that feeds the North. On the floors above, electrical closets located in 

North and South ends of building feed their respective end. Each closet contains 480Y/277V 3φ, 4W 

panels, transformers and 208Y/120 3φ, 4W panels. Emergency power is supplied from an 80kW 

diesel generator and is integrated into normal building power thru automatic transfer switches 
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Main Entrance Courtyard  

Fed from the same panel as the entry lobby, the lighting circuits at the main entrance façade also 

have a great distance for the conductors to run. One of the LED fixtures and recessed step lights both 

are low-voltage, with integral transformers, and require 120v power.   

 

Branch Circuit Redesign 

 Please refer to the proceeding panelboard and power plan for additional information. 

 

Panel L2N Circuit 6 

  6 “G” fixtures  * 118 input watts/fixture     = 708 W 

  2 “H” fixtures  * 54 input watts/fixture       = 108 W 

4 “P” Fixtures * 13 input watts/fixture         = 52W 

Total watts   = 868W/ .9PF                           = 964VA     

 964VA/277V = 3.5A ->    2#12 Copper THWN  

          20A single pole breaker 

            ¾” Conduit EMT 

  *Note: 20A*277V * 80% de-rating = 4,432 W Maximum allowed  

     

 Voltage Drop Calculation 

  Vdrop(l-n) = A • ft *Vdrop/(1000 A • ft)  * 2(if single phase)  

  %Vdrop = Vdrop(l-n) / V 

  

Circuit Voltage 277
power factor 0.9
Length (ft) 220
Wire Size #12

Vdrop/(1000 A ft) 1.749

Current (A) 3.5
1φ Multiplier 2

Vdrop(l‐n) 2.693

% Vdrop 0.972  
0.972% < 3% maximum per NEC recommendations  
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Panel R2NA Circuit 45 

  6  “I” fixtures  * 20 input watts/fixture      = 120 W 

43   “J” fixtures * 6 input watts/fixture       = 258 W 

3 “O” Fixtures * 280 input watts/fixture     = 840W 

1029W/1.0 PF = 1029VA 

  1029VA/120 V =  8.58A ->     2#12 Copper THWN  

                  20A single pole breaker 

                  ¾” Conduit  

  *Note: 20A*120V * 80% de-rating = 1,920 W Maximum allowed   

   

  Voltage Drop Calculation 

Vdrop(l-n) = A • ft *Vdrop/(1000 A • ft)  * 2(if single phase)  

  %Vdrop = Vdrop(l-n) / V 

  

Circuit Voltage 120
power factor 1
Length (ft) 205
Wire Size #12

Vdrop/(1000 A ft) 1.917

Current (A) 8.6
1φ Multiplier 2

Vdrop(l‐n) 6.759

% Vdrop 5.633  
   3.177%  > 3% maximum per NEC recommendations 

   Resize to #10 

  

Circuit Voltage 120
power factor 1
Length (ft) 205
Wire Size #10

Vdrop/(1000 A ft) 1.2

Current (A) 8.6
1φ Multiplier 2

Vdrop(l‐n) 4.231

% Vdrop 3.526  
   3.526% > 3% maximum per NEC recommendations 
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 Resize to #10 

  

Circuit Voltage 120
power factor 1
Length (ft) 205
Wire Size #8

Vdrop/(1000 A ft) 0.75

Current (A) 8.6
1φ Multiplier 2

Vdrop(l‐n) 2.645

% Vdrop 2.204  
   2.204%  < 3% maximum per NEC recommendations 

-> 2#8 Copper THWN, 20A single pole breaker, ¾” conduit 
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New Lighting Power Plan 

 
* Note: See Appendix G for a 1/8” = 1’-0” Plan 
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Existing L2N Panelboard 
PANELBOARD: L2N BUS RATING: 60 A MAIN OCP OR  
MIN AIC:   VOLTAGE: 208 120 V PHASE(S): 3
NEMA 1 ENCLOSURE MOUNTING: SURFACE WIRES: 5
LOCATION: NOTES:

LOAD, VA
BRANCH CIRCUIT DESIGNATION P TRIP CKT# φA φB φC CKT# TRIP P H CIRCUIT DESIGNATION
West Corridor 1 20 1 1100
West Corridor 1 20 2 1000
East Corridor & Elevator Lobby 1 20 3 900
East Corridor 1 20 4 700
Student Lounge 1 20 5 300
Exterior Lighting 1 20 6 600
Exterior Lighting 1 20 7 600
LTG RM 1001 1 20 8 775

1 20 9
1 20 10
1 20 11
1 20 12
1 20 13
1 20 14
1 20 15
1 20 16
1 20 17
1 20 18
1 20 19
1 20 20
1 20 21

PHASE CONNECTED LOAD, VA 2400 2075 1500

PHASE BALANCE 20.50% 4.18% -24.69%

TOTAL CONNECTED LOAD, VA 5975
FUTURE GROWTH - 25% 1494
TOTAL + FUTURE LOAD, VA 7469
TOTAL CURRENT, A 21
DESIGN CURRENT, A 26
MINIMUM MAIN OCP 100  
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Existing R2NA Panelboard 
PANELBOARD: R2NA BUS RATING: 400 A MAIN OCP OR MLO  
MIN AIC:   VOLTAGE: 208 120 V PHASE(S): 3
NEMA 1 ENCLOSURE MOUNTING: SURFACE WIRES: 4
LOCATION: NOTES: 200% NEUTRAL

LOAD, VA
BRANCH CIRCUIT DESIGNATION P TRIP CKT φA φB φC CKT# TRIP P CH CIRCUIT DESIGNATION
Recept - WC 1 20 1 720 784 2 20 1
Recept - RM 1126 / 1127 1 20 3 1080 4 20 1
Recept - WC 1 20 5 720 6 20 1
Recept - Corridor (Flat Panel Display) 1 20 7 600 8 20 1
Recept - Corridor 1 20 9 900 660 10 20 1
Recept - RM 1004 1 20 11 360 600 12 20 1
Recept - RM 1004 1 20 13 720 600 14 20 1
Recept - RM 1004 1 20 15 720 600 16 20 1
Recept - RM 1004 (AV) 1 20 17 840 600 18 20 1
Projector - RM 1004 1 20 19 300 360 20 20 1
Recept - Corridor (Flat Panel Display) 1 20 21 600 1200 22 20 1
Recept - Corridor 1 20 23 360 1200 24 20 1
EF-4 1 20 25 528 912 26 20 1
Recept - Proj. RM 1007 1 20 27 300 912 28 20 1
Recept - Proj. RM 1007 1 20 29 300 900 30 20 1 Recept - RM 1005
Recept - RM 1007 1 20 31 360 900 32 20 1 Recept - RM 1005
Recept - RM 1007 1 20 33 540 360 34 20 1 Recept - RM 1005
Recept - RM 1007 1 20 35 540 300 36 20 1 Projector - RM 1005
Recept - RM 1007 1 20 37 540 750 38 20 1
Recept - RM 1007 (AV) 1 20 39 840 1875 40 20 1
Recept - RM 1125 1 20 41 180 1875 42 20 1 LTG - RM 1022
Recept - RM 1007 (AV) 1 20 43 840 1875 44 20 1

1 20 45 0 46 20 1
1 20 47 1125 48 20 1
1 20 49 180 50 20 1
1 20 51 52 20 1
1 20 53 54 20 1
1 20 55 56 20 1
1 20 57 58 20 1
1 20 59 60 20 1
1 20 61 62 20 1
1 20 63 64 20 1
1 20 65 66 20 1
1 20 67 68 20 1
1 20 69 70 20 1
1 20 71 72 20 1
1 20 73 5260 74
1 20 75 4792 76 150 3 PNL R2NF
1 20 77 4008 78
1 20 79 7050 80
1 20 81 6450 82 80 3 PNL R2ND
1 20 83 5670 84

PHASE CONNECTED LOAD, VA 23279 21829 19578

PHASE BALANCE 7.96% 1.24% -9.20%

TOTAL CONNECTED LOAD, VA 64686

FUTURE GROWTH - 25% 16172

TOTAL + FUTURE LOAD, VA 80858

TOTAL CURRENT, A 224
DESIGN CURRENT, A 281
MINIMUM MAIN OCP 400

Recept - RM 1006
Recept - RM 1006
Recept - RM 1006
Recept - RM 1006

LTG - RM 1005
LTG - RM 1021

Recept - RM 1006
Recept - RM 1006

Recept - RM 1006
Recept - RM 1006

Recept - RM 1006
Recept - RM 1006

SOUND BOOTH
SPARE

SPARE
SPARE

LTG - RM 1023
SPARE
LTG - RM 1004
Trap Priming Cabinet
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Redesigned L2N Panelboard 
PANELBOARD: L2N BUS RATING: 60 A MAIN OCP  60A MCB
MIN AIC:   VOLTAGE: 208 120 V PHASE(S): 3
NEMA 1 ENCLOSURE MOUNTING: SURFACE WIRES: 5
LOCATION: NOTES:

LOAD, VA
BRANCH CIRCUIT DESIGNATION P TRIP CKT# φA φB φC CKT# TRIP P H CIRCUIT DESIGNATION
West Corridor 1 20 1 747
West Corridor 1 20 2 952
East Corridor & Elevator Lobby 1 20 3 644
East Corridor 1 20 4 652
Lobby Lighting 1 20 5 1317
Exterior Lighting 1 20 6 964
Spare 1 20 7 0
Lobby Cove Lighting 1 20 8 348

1 20 9
1 20 10
1 20 11
1 20 12
1 20 13
1 20 14
1 20 15
1 20 16
1 20 17
1 20 18
1 20 19
1 20 20
1 20 21

PHASE CONNECTED LOAD, VA 1399 2617 1608

PHASE BALANCE -25.37% 39.60% -14.22%

TOTAL CONNECTED LOAD, VA 5624
FUTURE GROWTH - 25% 1406
TOTAL + FUTURE LOAD, VA 7030
TOTAL CURRENT, A 20
DESIGN CURRENT 1.25 CONT. Factor 24
MINIMUM MAIN OCP 60

*Note red highlighted circuits correspond to the lobby and blue highlighted correspond to the                     

main façade. 

 

Main Overcurrent Protection 

 60A breaker  

 

New Feeder Size 

 (4) #6 and (1) #10 ground in 1” Conduit   

Based per NEC 2005. Tables 310-16, Table C.2, Table 250.122. THWN Copper wire rated 

for 75° C. 
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Redesigned L2N Panelboard 
PANELBOARD: R2NA BUS RATING: 400 A MAIN OCP:  3P 300A MCB 
MIN AIC:   VOLTAGE: 208 120 V PHASE(S): 3
NEMA 1 ENCLOSURE MOUNTING: SURFACE WIRES: 4
LOCATION: NOTES:

LOAD, VA
BRANCH CIRCUIT DESIGNATION P TRIP CKT φA φB φC CKT# TRIP PANCH CIRCUIT DESIGNATION
Recept - WC 1 20 1 720 784 2 20 1
Recept - RM 1126 / 1127 1 20 3 1080 4 20 1
Recept - WC 1 20 5 720 6 20 1
Recept - Corridor (Flat Panel Display) 1 20 7 600 8 20 1
Recept - Corridor 1 20 9 900 660 10 20 1
Recept - RM 1004 1 20 11 360 600 12 20 1
Recept - RM 1004 1 20 13 720 600 14 20 1
Recept - RM 1004 1 20 15 720 600 16 20 1
Recept - RM 1004 (AV) 1 20 17 840 600 18 20 1
Projector - RM 1004 1 20 19 300 360 20 20 1
Recept - Corridor (Flat Panel Display) 1 20 21 600 1200 22 20 1
Recept - Corridor 1 20 23 360 1200 24 20 1
EF-4 1 20 25 528 912 26 20 1
Recept - Proj. RM 1007 1 20 27 300 912 28 20 1
Recept - Proj. RM 1007 1 20 29 300 900 30 20 1 Recept - RM 1005
Recept - RM 1007 1 20 31 360 900 32 20 1 Recept - RM 1005
Recept - RM 1007 1 20 33 540 360 34 20 1 Recept - RM 1005
Recept - RM 1007 1 20 35 540 300 36 20 1 Projector - RM 1005
Recept - RM 1007 1 20 37 540 750 38 20 1
Recept - RM 1007 (AV) 1 20 39 840 1875 40 20 1
Recept - RM 1125 1 20 41 180 1875 42 20 1 LTG - RM 1022
Recept - RM 1007 (AV) 1 20 43 840 1875 44 20 1
Exterior Lighting 1 20 45 1030 0 46 20 1

1 20 47 1125 48 20 1
1 20 49 180 50 20 1
1 20 51 52 20 1
1 20 53 54 20 1
1 20 55 56 20 1
1 20 57 58 20 1
1 20 59 60 20 1
1 20 61 62 20 1
1 20 63 64 20 1
1 20 65 66 20 1
1 20 67 68 20 1
1 20 69 70 20 1
1 20 71 72 20 1
1 20 73 5260 74
1 20 75 4792 76 150 3 PNL R2NF
1 20 77 4008 78
1 20 79 7050 80
1 20 81 6450 82 80 3 PNL R2ND
1 20 83 5670 84

PHASE CONNECTED LOAD, VA 23279 22859 19578

PHASE BALANCE 6.27% 4.35% -10.62%

TOTAL CONNECTED LOAD, VA 65716

FUTURE GROWTH - 25% 16429

TOTAL + FUTURE LOAD, VA 82145

TOTAL CURRENT, A 228
DESIGN CURRENT, A (1.0 Demand Fact228
MINIMUM MAIN OCP 300

Recept - RM 1006
Recept - RM 1006
Recept - RM 1006
Recept - RM 1006

LTG - RM 1005
LTG - RM 1021

Recept - RM 1006
Recept - RM 1006

Recept - RM 1006
Recept - RM 1006

Recept - RM 1006
Recept - RM 1006

SOUND BOOTH
SPARE

SPARE
SPARE

LTG - RM 1023
SPARE
LTG - RM 1004
Trap Priming Cabinet

 



George Mason University   Allen Walker 
Art & Visual Technology Building                 Lighting / Electrical Option 

  
Page 90 

 
   

Main Overcurrent Protection 

 300A breaker  

 

New Feeder Size 

 (4) #350 MCM and (1) #4 ground in 3” Conduit   

Based per NEC 2005. Tables 310-16, Table C.2, Table 250.122. THWN Copper wire rated 

for 75° C. 
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Entry Lobby 

The entry lobby was divided into two circuits on the basis of constructability. The main circuit feeds 

all the fixtures on the entry level and the continuous wall sconce on the stairwell column. The second 

circuit feeds the stairwell cove for the all three levels of the building. One important issue 

electrically with the lobby was the long length of conductors for each of the circuits. However, by 

each circuit being at 277V, voltage drop turned out to be not become an issue. Since this is a public 

space, the primary control for lighting will be done via a time-clock while a manual switch is located 

remotely by the gallery support area in the NW corner of the lobby.  

 

Branch Circuit Redesign 

 Please refer to the proceeding panelboard and power plan for additional information. 

 

Panel L2N Circuit 5 

 21 “C” fixtures  * 33 input watts/fixture      = 693 W 

  8   “D” fixtures  * 33 input watts/fixture     = 264 W 

 10  “E” fixtures  * 36 input watts/fixture      = 360 W 

 Total Watts      = 1,317 W/.90PF                  = 1463VA 

 1463VA/277V = 5.3A ->    2#12 Copper THWN  

             20A single pole breaker 

               ¾” Conduit EMT 

  *Note: 20A*277V * 80% de-rating = 4,432 W Maximum allowed  
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 Voltage Drop Calculation 

  Vdrop(l-n) = A • ft *Vdrop/(1000 A • ft)  * 2(if single phase)  

  %Vdrop = Vdrop(l-n) / V 

  

Circuit Voltage 277
power factor 0.9
Length (ft) 165
Wire Size #12

Vdrop/(1000 A ft) 1.749

Current (A) 5.3
1φ Multiplier 2

Vdrop(l‐n) 3.059

% Vdrop 1.104  
1.104% < 3% maximum per NEC recommendations  

 

Panel L2N Circuit 8 

 12    “F” fixtures * 29 input watts/fixture       = 348 W 

348W/.90 PF = 387VA 

 387VA/277 V = 1.4A ->     2#12 Copper THWN  

             20A single pole breaker 

             ¾” Conduit  

  *Note: 20A*277V * 80% de-rating = 4,432 W Maximum allowed   

   

  Voltage Drop Calculation 

Vdrop(l-n) = A • ft *Vdrop/(1000 A • ft)  * 2(if single phase)  

  %Vdrop = Vdrop(l-n) / V 

  

Circuit Voltage 277
power factor 0.9
Length (ft) 140
Wire Size #12

Vdrop/(1000 A ft) 1.749

Current (A) 1.4
1φ Multiplier 2

Vdrop(l‐n) 0.686

% Vdrop 0.248  
  0.248% < 3% maximum per NEC recommendations 
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New Lighting Power Plan 

 
* Note: See Appendix H for a 1/8” = 1’-0” Plan 
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Existing L2N Panelboard 
PANELBOARD: L2N BUS RATING: 60 A MAIN OCP OR  
MIN AIC:   VOLTAGE: 208 120 V PHASE(S): 3
NEMA 1 ENCLOSURE MOUNTING: SURFACE WIRES: 5
LOCATION: NOTES:

LOAD, VA
BRANCH CIRCUIT DESIGNATION P TRIP CKT# φA φB φC CKT# TRIP P H CIRCUIT DESIGNATION
West Corridor 1 20 1 1100
West Corridor 1 20 2 1000
East Corridor & Elevator Lobby 1 20 3 900
East Corridor 1 20 4 700
Student Lounge 1 20 5 300
Exterior Lighting 1 20 6 600
Exterior Lighting 1 20 7 600
LTG RM 1001 1 20 8 775

1 20 9
1 20 10
1 20 11
1 20 12
1 20 13
1 20 14
1 20 15
1 20 16
1 20 17
1 20 18
1 20 19
1 20 20
1 20 21

PHASE CONNECTED LOAD, VA 2400 2075 1500

PHASE BALANCE 20.50% 4.18% -24.69%

TOTAL CONNECTED LOAD, VA 5975
FUTURE GROWTH - 25% 1494
TOTAL + FUTURE LOAD, VA 7469
TOTAL CURRENT, A 21
DESIGN CURRENT, A 26
MINIMUM MAIN OCP 100  
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Redesigned L2N Panelboard 
PANELBOARD: L2N BUS RATING: 60 A MAIN OCP  60A MCB
MIN AIC:   VOLTAGE: 208 120 V PHASE(S): 3
NEMA 1 ENCLOSURE MOUNTING: SURFACE WIRES: 5
LOCATION: NOTES:

LOAD, VA
BRANCH CIRCUIT DESIGNATION P TRIP CKT# φA φB φC CKT# TRIP P H CIRCUIT DESIGNATION
West Corridor 1 20 1 747
West Corridor 1 20 2 952
East Corridor & Elevator Lobby 1 20 3 644
East Corridor 1 20 4 652
Lobby Lighting 1 20 5 1317
Exterior Lighting 1 20 6 660
Spare 1 20 7 0
Lobby Cove Lighting 1 20 8 348

1 20 9
1 20 10
1 20 11
1 20 12
1 20 13
1 20 14
1 20 15
1 20 16
1 20 17
1 20 18
1 20 19
1 20 20
1 20 21

PHASE CONNECTED LOAD, VA 1399 2617 1304

PHASE BALANCE -21.11% 47.58% -26.47%

TOTAL CONNECTED LOAD, VA 5320
FUTURE GROWTH - 25% 1330
TOTAL + FUTURE LOAD, VA 6650
TOTAL CURRENT, A 18
DESIGN CURRENT 1.25 CONT. Factor 23
MINIMUM MAIN OCP 60

*Note Red Highlighted circuits correspond to the entry lobby while blue highlighted circuits correspond to 

the main courtyard. 

    

Main Overcurrent Protection 

60A breaker  

 

New Feeder Size 

 (4) #6 and (1) #10 ground in 1” Conduit   

Based per NEC 2005. Tables 310-16, Table C.2, Table 250.122. THWN Copper wire rated 

for 75° C. 
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Painting Studio 

The modification of the existing artificial and natural lighting systems led to necessary changes for 

the electrical demands for this space. Most notably is the added load of the motorized shades. The 

motors were estimated of having an electrical load of 150kW since electrical specifications were 

unavailable. 

 

Branch Circuit Redesign 

 Please refer to the proceeding panelboards and power plan for additional information. 

 

Max Dimmer panel load 

  9 Type “A” fixtures * 62W/fixture = 558W 

  558W/1.00 PF = 558VA 

  558VA/277 V = 2.1A -> 2#12 Copper THWN  

             20A single pole breaker 

             ¾” Conduit EMT 

  *Note: 20A*120V * 80% de-rating = 1,920 W Maximum allowed   

  

 Voltage Drop Calculation 

  Vdrop(l-n) = A • ft *Vdrop/(1000 A • ft)  * 2(if single phase)  

  %Vdrop = Vdrop(l-n) / V 

  

Circuit Voltage 120
power factor 0.9
Length (ft) 85
Wire Size #12

Vdrop/(1000 A ft) 1.749

Current (A) 2.1
1φ Multiplier 2

Vdrop(l‐n) 0.624

% Vdrop 0.520  
0.520% < 3% maximum per NEC recommendations  
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Motor Load R3SA Circuit 46 

  9 Motors  * 150W/motor = 1450W 

  1450W/.80 PF = 1813VA 

  1813VA/120 V =15.1A -> 2#12 Copper THWN  

             20A single pole breaker 

             ¾” Conduit EMT 

  *Note: 20A*120V * 80% de-rating = 1,920 W Maximum allowed   

  

 Voltage Drop Calculation 

  Vdrop(l-n) = A • ft *Vdrop/(1000 A • ft)  * 2(if single phase)  

  %Vdrop = Vdrop(l-n) / V 

  

Circuit Voltage 120
power factor 0.8
Length (ft) 85
Wire Size #12

Vdrop/(1000 A ft) 1.57

Current (A) 15.1
1φ Multiplier 2

Vdrop(l‐n) 4.030

% Vdrop 3.358  
3.358% > 3% maximum per NEC recommendations  

 

  Resize using #10 Wire 

  

Circuit Voltage 120
power factor 0.8
Length (ft) 85
Wire Size #10

Vdrop/(1000 A ft) 0.993

Current (A) 15.1
1φ Multiplier 2

Vdrop(l‐n) 2.549

% Vdrop 2.124  
2.124% < 3% maximum per NEC recommendations  

  ->2#12 Copper THWN, 20A single pole breaker, ¾” Conduit EMT 
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New Lighting Plan 

 
* Note: See Appendix I for a 1/8” = 1’-0” Plan 
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New Power Plan 

 

 
 * Note: See Appendix I for a 1/8” = 1’-0” Plan 
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Existing H3SB Panelboard 
PANELBOARD: H3SB BUS RATING: 100 A MAIN OCP OR MLO:  MLO  
MIN AIC:   VOLTAGE: 480 277 V PHASE(S): 3
NEMA 1 ENCLOSURE MOUNTING: SURFACE WIRES: 4
LOCATION: NOTES:

LOAD, VA
BRANCH CIRCUIT DESIGNATION P TRIP CKT# φA φB φC CKT# TRIP P BRANCH CIRCUIT DESIGNATION

LTG - Offices 1 20 1 2150 2 20 1
LTG - RM 2037 & 2045 1 20 3 400 4 20 1
LTG -RM 2044 1 20 5 1300 6 20 1
LTG - RM 2046 1 20 7 1300 8 20 1
LTG - RM 2035 1 20 9 2050 10 20 1

1 20 11 12 20 1
1 20 13 14 20 1
1 20 15 16 20 1
1 20 17 18 20 1
1 20 19 20 20 1
1 20 21 22 20 1
1 20 23 24 20 1
1 20 25 26 20 1
1 20 27 28 20 1
1 20 29 30 20 1

PHASE CONNECTED LOAD, VA 3450 2450 1300

PHASE BALANCE 43.75% 2.08% -45.83%

TOTAL CONNECTED LOAD, VA 7200
FUTURE GROWTH - 25% 1800
TOTAL + FUTURE LOAD, VA 9000
TOTAL CURRENT, A 11
DESIGN CURRENT, A 14
MINIMUM MAIN OCP 60  
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Existing R3SA Panelboard 
PANELBOARD: R3SA BUS RATING: 400 A MAIN OCP OR MLO:  3P250A MCB  
MIN AIC:   VOLTAGE: 208 120 V PHASE(S): 3
NEMA 1 ENCLOSURE MOUNTING: SURFACE WIRES: 5
LOCATION: NOTES: 200% NEUTRAL

LOAD, VA
BRANCH CIRCUIT DESIGNATION P TRIP CKT# φA φB φC CKT# TRIP P BRANCH CIRCUIT DESIGNATION

Recept - RM 2041 1 20 1 720 600 2 20 1 Recept - RM 2034
Recept - RM 2040 1 20 3 720 600 4 20 1 Recept - RM 2034
Recept - Corridor 1 20 5 540 360 6 20 1 Recept - RM 2034
Recept - RM 2039 1 20 7 720 840 8 20 1 Recept - RM 2033
Recept - RM 2038 1 20 9 720 840 10 20 1 Recept - RM 2031
Recept - RM 2036 1 20 11 720 840 12 20 1 Recept - RM 2029
Recept - RM 2035 1 20 13 780 840 14 20 1 Recept - RM 2032
Recept - RM 2035 1 20 15 480 840 16 20 1 Recept - RM 2030
Recept - RM 2035 1 20 17 780 840 18 20 1 Recept - RM 2028
Recept - RM 2035 1 20 19 780 1140 20 20 1 Recept - RM 2027
Recept - Corridor 1 20 21 540 840 22 20 1 Recept - RM 2025
Recept - RM 2037/2154 1 20 23 720 840 24 20 1 Recept - RM 2023
Recept - RM 2041 1 20 25 540 840 26 20 1 Recept - RM 2021
Recept - RM 2040 1 20 27 540 840 28 20 1 Recept - RM 2024
Recept - RM 2039 1 20 29 540 840 30 20 1 Recept - RM 2022
Recept - RM 2038 1 20 31 540 300 32 20 1 Projector - RM 2026
Recept - RM 2036 1 20 33 540 840 34 20 1 Recept - RM 2026
Motorized Proj. Screen 1 20 35 300 840 36 20 1 Recept - RM 2020
Recept - RM 2026 (AV) 1 20 37 840 300 38 20 1 Projector - RM 2026
LTG - RM 2044 1 20 39 1500 540 40 20 1 Recept - RM 2026
LTG - RM 2044 1 20 41 1500 840 42 20 1 Recept - RM 2026
LTG - RM 2044 1 20 43 1500 840 44 20 1 Recept - RM 2026 (AV)
Recept - Roof 1 20 45 180 938 46 20 1 LTG - RM 2044
SPARE 1 20 47 0 938 48 20 1
LTG - RM 2045 1 20 49 750 938 50 20 1
LTG - RM 2045 1 20 51 750 938 52 20 1
LTG - RM 2045 1 20 53 750 1125 54 20 1
LTG - RM 2044 1 20 55 938 1125 56 20 1
LTG - RM 2044 1 20 57 938 1125 58 20 1
LTG - RM 2046 1 20 59 938 540 60 20 1 Recept - RM 2045
LTG - RM 2046 1 20 61 938 720 62 20 1 Recept - RM 2045
SPARE 1 20 63 0 864 64 20 1 CUH-7
SPARE 1 20 65 0 180 66 20 1 Recept - Roof
Recept - Flat Panel Display 1 20 67 600 68 20 1

1 20 69 70 20 1
1 20 71 72 20 1
1 20 73 74 20 1
1 20 75 76 20 1
1 20 77 78 20 1

79 3060 80 20 1
PNL R3SB 3 100 81 2340 82 20 1

83 2460 84 20 1
PHASE CONNECTED LOAD, VA 21188 18452 17430

PHASE BALANCE 11.38% -3.00% -8.37%

TOTAL CONNECTED LOAD, VA 57069
FUTURE GROWTH - 25% 14267
TOTAL + FUTURE LOAD, VA 71336
TOTAL CURRENT, A 198
DESIGN CURRENT, A 248
MINIMUM MAIN OCP 250

LTG - RM 2046

LTG - RM 2046
LTG - RM 2046
LTG - RM 2044
LTG - RM 2046
LTG - RM 2046
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Redesigned H3SB Panelboard 
PANELBOARD: H3SB BUS RATING: 100 A MAIN OCP OR MLO:  60A MCB  
MIN AIC:   VOLTAGE: 480 277 V PHASE(S): 3
NEMA 1 ENCLOSURE MOUNTING: SURFACE WIRES: 4
LOCATION: NOTES:

LOAD, VA
BRANCH CIRCUIT DESIGNATION P TRIP CKT# φA φB φC CKT# TRIP P BRANCH CIRCUIT DESIGNATION

LTG - Offices 1 20 1 2150 2 20 1
LTG - RM 2037 & 2045 1 20 3 400 4 20 1
Spare 1 20 5 0 6 20 1
LTG - RM 2046 1 20 7 1300 8 20 1
LTG - RM 2035 1 20 9 2050 10 20 1

1 20 11 12 20 1
1 20 13 14 20 1
1 20 15 16 20 1
1 20 17 18 20 1
1 20 19 20 20 1
1 20 21 22 20 1
1 20 23 24 20 1
1 20 25 26 20 1
1 20 27 28 20 1
1 20 29 30 20 1

PHASE CONNECTED LOAD, VA 3450 2450 0

PHASE BALANCE 75.42% 24.58% -100.00%

TOTAL CONNECTED LOAD, VA 5900
FUTURE GROWTH - 25% 1475
TOTAL + FUTURE LOAD, VA 7375
TOTAL CURRENT, A 11
DESIGN CURRENT, A (1.25 Cont. Factor) 14
MINIMUM MAIN OCP 60  
 

Main Overcurrent Protection 

60A breaker  

 

New Feeder Size 

 (4) #6 and (1) #10 ground in 1” Conduit   

Based per NEC 2005. Tables 310-16, Table C.2, Table 250.122. THWN Copper wire rated 

for 75° C. 
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Redesigned R3SA Panelboard 
PANELBOARD: R3SA BUS RATING: 400 A MAIN OCP OR MLO:  3P200A MCB  
MIN AIC:   VOLTAGE: 208 120 V PHASE(S): 3
NEMA 1 ENCLOSURE MOUNTING: SURFACE WIRES: 5
LOCATION: NOTES: 200% NEUTRAL

LOAD, VA
BRANCH CIRCUIT DESIGNATION P TRIP CKT# φA φB φC CKT# TRIP P BRANCH CIRCUIT DESIGNATION

Recept - RM 2041 1 20 1 720 600 2 20 1 Recept - RM 2034
Recept - RM 2040 1 20 3 720 600 4 20 1 Recept - RM 2034
Recept - Corridor 1 20 5 540 360 6 20 1 Recept - RM 2034
Recept - RM 2039 1 20 7 720 840 8 20 1 Recept - RM 2033
Recept - RM 2038 1 20 9 720 840 10 20 1 Recept - RM 2031
Recept - RM 2036 1 20 11 720 840 12 20 1 Recept - RM 2029
Recept - RM 2035 1 20 13 780 840 14 20 1 Recept - RM 2032
Recept - RM 2035 1 20 15 480 840 16 20 1 Recept - RM 2030
Recept - RM 2035 1 20 17 780 840 18 20 1 Recept - RM 2028
Recept - RM 2035 1 20 19 780 1140 20 20 1 Recept - RM 2027
Recept - Corridor 1 20 21 540 840 22 20 1 Recept - RM 2025
Recept - RM 2037/2154 1 20 23 720 840 24 20 1 Recept - RM 2023
Recept - RM 2041 1 20 25 540 840 26 20 1 Recept - RM 2021
Recept - RM 2040 1 20 27 540 840 28 20 1 Recept - RM 2024
Recept - RM 2039 1 20 29 540 840 30 20 1 Recept - RM 2022
Recept - RM 2038 1 20 31 540 300 32 20 1 Projector - RM 2026
Recept - RM 2036 1 20 33 540 840 34 20 1 Recept - RM 2026
Motorized Proj. Screen 1 20 35 300 840 36 20 1 Recept - RM 2020
Recept - RM 2026 (AV) 1 20 37 840 300 38 20 1 Projector - RM 2026
------------------------------- - - 39 696 540 40 20 1 Recept - RM 2026
Dimmer Panel D3S2 3 20 41 696 840 42 20 1 Recept - RM 2026
------------------------------- - - 43 696 840 44 20 1 Recept - RM 2026 (AV)
Recept - Roof 1 20 45 180 1688 46 20 1 Shade Motors RM 2044
SPARE 1 20 47 0 938 48 20 1
LTG - RM 2045 1 20 49 750 938 50 20 1
LTG - RM 2045 1 20 51 750 0 52 20 1
LTG - RM 2045 1 20 53 750 1125 54 20 1
Spare 1 20 55 0 1125 56 20 1
Spare 1 20 57 0 1125 58 20 1
LTG - RM 2046 1 20 59 938 540 60 20 1 Recept - RM 2045
LTG - RM 2046 1 20 61 938 720 62 20 1 Recept - RM 2045
SPARE 1 20 63 0 864 64 20 1 CUH-7
SPARE 1 20 65 0 180 66 20 1 Recept - Roof
Recept - Flat Panel Display 1 20 67 600 68 20 1

1 20 69 70 20 1
1 20 71 72 20 1
1 20 73 74 20 1
1 20 75 76 20 1
1 20 77 78 20 1

79 3060 80 20 1
PNL R3SB 3 100 81 2340 82 20 1

83 2460 84 20 1
PHASE CONNECTED LOAD, VA 19446 16523 16626

PHASE BALANCE 10.92% -5.75% -5.17%

TOTAL CONNECTED LOAD, VA 52595
FUTURE GROWTH - 25% 13149
TOTAL + FUTURE LOAD, VA 65744
TOTAL CURRENT, A 182
DESIGN CURRENT, A 182
MINIMUM MAIN OCP 200A

LTG - RM 2046

LTG - RM 2046
LTG - RM 2046
Spare
LTG - RM 2046
LTG - RM 2046

   

Main Overcurrent Protection 

 200A Main circuit breaker  
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New Feeder Size 

 (4) #3/0 and (1) #6 ground in 2” Conduit   

Based per NEC 2005. Tables 310-16, Table C.2, Table 250.122. Copper wire rated for 75° 

C. 

 

     

New Dimmer Panel D3S2 
NEMA 1 ENCLOSURE MOUNTING: SURFACE WIRES: 5
LOCATION: NOTES:

LOAD, VA
RANCH CIRCUIT DESIGNATIO P TRIP CKT φA φB φC CKT# TRIP PANCH CIRCUIT DESIGNATION
LTG - RM 2044 1 20 1 558 2 20 1
LTG - RM 2044 1 20 3 558 4 20 1
LTG - RM 2044 1 20 5 372 6 20 1
LTG - RM 2044 1 20 7 150 8 20 1
LTG - RM 2044 1 20 9 150 10 20 1
LTG - RM 2044 1 20 11 150 12 20 1
LTG - RM 2044 1 20 13 150 14 20 1
Spare 1 20 15 16 20 1
Spare 1 20 17 18 20 1
Space 1 - 19 20 20 1
Space 1 - 21 22 20 1
Space 1 - 23 24 20 1
PHASE CONNECTED LOAD, VA 858 708 522
PHASE BALANCE 23.28% 1.72% -25.00%

TOTAL CONNECTED LOAD, VA 2088
FUTURE GROWTH - 10% 209
TOTAL + FUTURE LOAD, VA 2297
TOTAL CURRENT, A 6
DESIGN CURRENT, A (*1.25) 8
MINIMUM MAIN OCP 20

Space
Space

Space
Space

Space
Space

Space
Space

Space
Space

Space
Space

Main Overcurrent Protection 

 20A Main circuit breaker  

    

New Feeder Size 

 (4) #12 and (1) #12 ground in 1” Conduit   

Based per NEC 2005. Tables 310-16, Table C.2, Table 250.122. Copper wire rated for 75° 

C. 
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Exhibit Gallery 

The existing designed utilized a dimmer panel for the control of the 120V track lighting while the 

suspended direct/indirect fixtures provided ambient light for the space were fed on 277V. Upon 

redesign, recessed low profile louvered fixtures provide ambient light and were added to the 120V 

dimmer panel with the redesigned track lighting.  The dimming panel was resized for the existing 

design. 

 

Branch Circuit Redesign 

 Please refer to the proceeding panelboard and power plan for additional information. 

 

Dimmer Panel D2N1 Circuit 12  

  12 “K” fixtures  * 62 input watts/fixture     = 744 W 

  Total watts   = 744W/ .9PF                         =  827VA      

 827VA/120V = 6.9A ->    2#12 Copper THWN  

          20A single pole breaker 

                      ¾” Conduit EMT 

  *Note: 20A*120V * 80% de-rating = 1,920 W Maximum allowed  

     

 Voltage Drop Calculation 

  Vdrop(l-n) = A • ft *Vdrop/(1000 A • ft)  * 2(if single phase)  

  %Vdrop = Vdrop(l-n) / V 

  

Circuit Voltage 120
power factor 0.9
Length (ft) 75
Wire Size #12

Vdrop/(1000 A ft) 1.749

Current (A) 6.9
1φ Multiplier 2

Vdrop(l‐n) 1.810

% Vdrop 1.509  
1.509% < 3% maximum per NEC recommendations  
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New Lighting Power Plan 

 
* Note: See Appendix J for a 1/8” = 1’-0” Plan 
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Existing R2NF Panelboard 

PANELBOARD: R2NF BUS RATING: 225 A MAIN OCP  
MIN AIC:   VOLTAGE: 208 120 V PHASE(S): 3
NEMA 1 ENCLOSURE MOUNTING: SURFACE WIRES: 5
LOCATION: NOTES: 200% NEUTRAL

LOAD, VA
CH CIRCUIT DESIGN P TRIP CKT φA φB φC CKT# TRIP P CH CIRCUIT DESIGNATION
Recept - RM 1001 1 20 1 720 840 2 20 1
Recept - RM 1001 1 20 3 720 720 4 20 1
Recept - RM 1001 1 20 5 720 300 6 20 1
Recept - RM 1001 1 20 7 720 900 8 20 1
Recept - RM 1001 1 20 9 720 1000 10 20 1
Recept - RM 1001 1 20 11 720 300 12 20 1
Recept - RM 1001 1 20 13 720 1000 14 20 1
Recept - RM 1001 1 20 15 720 528 16 20 1
Recept - RM 1001 1 20 17 720 864 18 20 1 CUH-1
Recept - Exterior 1 20 19 180 20 20 1
Power Door 1 20 21 384 22 20 1
Power Door 1 20 23 384 24 20 1
Recept - Exterior 1 20 25 180 26 20 1

1 20 27 28 20 1
1 20 29 30 20 1
1 20 31 32 20 1
1 20 33 34 20 1
1 20 35 36 20 1

37 38
PNL D2N1 3 60 39 40 60 3 PNL D2N2

41 42
PHASE CONNECTED LOAD, VA 5260 4792 4008

PHASE BALANCE 12.23% 2.25% -14.48%

TOTAL CONNECTED L 14060

FUTURE GROWTH - 25 3515
TOTAL + FUTURE LOA17575

TOTAL CURRENT, A 49
DESIGN CURRENT, A 61
MINIMUM MAIN OCP 150

Recept - RM 1002
Recept - RM 1002

CUH -6
Recept - RM 1002

Recept - RM 1003
Recept - WC

Recept - RM 1002
Recept - RM 1002
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Existing D2N1 Dimmer Panel 
PANELBOARD: D2N1 BUS RATING: 60 A MAIN OCP OR MLO:  MLO 
MIN AIC:   VOLTAGE: 208 120 V PHASE(S): 3
NEMA 1 ENCLOSURE MOUNTING: SURFACE WIRES: 5
LOCATION: NOTES:

LOAD, VA
RANCH CIRCUIT DESIGNATIO P TRIP CKT φA φB φC CKT# TRIP PANCH CIRCUIT DESIGNATION
LTG - RM 1001 1 20 1 640 640 2 20 1
LTG - RM 1001 1 20 3 640 640 4 20 1
LTG - RM 1001 1 20 5 640 640 6 20 1
LTG - RM 1001 1 20 7 640 640 8 20 1
LTG - RM 1001 1 20 9 640 640 10 20 1
LTG - RM 1001 1 20 11 640 640 12 20 1
LTG - RM 1001 1 20 13 640 640 14 20 1
LTG - RM 1001 1 20 15 640 640 16 20 1
LTG - RM 1001 1 20 17 640 640 18 20 1
LTG - RM 1001 1 20 19 640 640 20 20 1
LTG - RM 1001 1 20 21 640 640 22 20 1
LTG - RM 1001 1 20 23 640 640 24 20 1
PHASE CONNECTED LOAD, VA 5120 5120 5120

PHASE BALANCE 0.00% 0.00% 0.00%

TOTAL CONNECTED LOAD, VA 15360

FUTURE GROWTH - 10% 1536
TOTAL + FUTURE LOAD, VA 16896

TOTAL CURRENT, A 47
DESIGN CURRENT, A 59
MINIMUM MAIN OCP 60

LTG - RM 1001
LTG - RM 1001

LTG - RM 1001
LTG - RM 1001

LTG - RM 1001
LTG - RM 1001

LTG - RM 1001
LTG - RM 1001

LTG - RM 1001
LTG - RM 1001

LTG - RM 1001
LTG - RM 1001
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Redesigned R2NF Panelboard 

PANELBOARD: R2NF BUS RATING: 225 A MAIN OCP  
MIN AIC:   VOLTAGE: 208 120 V PHASE(S): 3
NEMA 1 ENCLOSURE MOUNTING: SURFACE WIRES: 5
LOCATION: NOTES: 200% NEUTRAL

LOAD, VA
CH CIRCUIT DESIGN P TRIP CKT φA φB φC CKT# TRIP P CH CIRCUIT DESIGNATION
Recept - RM 1001 1 20 1 720 840 2 20 1
Recept - RM 1001 1 20 3 720 720 4 20 1
Recept - RM 1001 1 20 5 720 300 6 20 1
Recept - RM 1001 1 20 7 720 900 8 20 1
Recept - RM 1001 1 20 9 720 1000 10 20 1
Recept - RM 1001 1 20 11 720 300 12 20 1
Recept - RM 1001 1 20 13 720 1000 14 20 1
Recept - RM 1001 1 20 15 720 528 16 20 1
Recept - RM 1001 1 20 17 720 864 18 20 1 CUH-1
Recept - Exterior 1 20 19 180 20 20 1
Power Door 1 20 21 384 22 20 1
Power Door 1 20 23 384 24 20 1
Recept - Exterior 1 20 25 180 26 20 1

1 20 27 28 20 1
1 20 29 30 20 1
1 20 31 32 20 1
1 20 33 34 20 1
1 20 35 36 20 1

37 2344 38
PNL D2N1 3 40 39 2344 40 60 3 PNL D2N2

41 2344 42
PHASE CONNECTED LOAD, VA 7604 7136 6352

PHASE BALANCE 8.15% 1.50% -9.65%

TOTAL CONNECTED L 21093

FUTURE GROWTH - 25 5273
TOTAL + FUTURE LOA26366

TOTAL CURRENT, A 73
DESIGN CURRENT, A 91
MINIMUM MAIN OCP 150

Recept - RM 1002
Recept - RM 1002

CUH -6
Recept - RM 1002

Recept - RM 1003
Recept - WC

Recept - RM 1002
Recept - RM 1002

 
Main Overcurrent Protection 

 300A breaker  

 

New Feeder Size 

 (3) #350 MCM and (1) #4 in 2 1/2” Conduit   

Based per NEC 2005. Tables 310-16, Table C.2, Table 250.122. THWN Copper wire rated 

for 75° C. 
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Redesigned D2N1 Dimmer Panel 
PANELBOARD: D2N1 BUS RATING: 60 A MAIN OCP 40A  
MIN AIC:   VOLTAGE: 208 120 V PHASE(S): 3
NEMA 1 ENCLOSURE MOUNTING: SURFACE WIRES: 5
LOCATION: NOTES:

LOAD, VA
RANCH CIRCUIT DESIGNATIO P TRIP CKT φA φB φC CKT# TRIP PANCH CIRCUIT DESIGNATION
LTG - RM 1001 1 20 1 827 450 2 20 1
LTG - RM 1001 1 20 3 450 450 4 20 1
LTG - RM 1001 1 20 5 450 450 6 20 1
LTG - RM 1001 1 20 7 450 450 8 20 1
LTG - RM 1001 1 20 9 450 450 10 20 1
LTG - RM 1001 1 20 11 450 450 12 20 1
LTG - RM 1001 1 20 13 450 450 14 20 1
LTG - RM 1001 1 20 15 450 450 16 20 1
LTG - RM 1001 1 20 17 450 450 18 20 1
LTG - RM 1001 1 20 19 450 450 20 20 1
Space 1 20 21 22 20 1
Space 1 20 23 24 - 1
PHASE CONNECTED LOAD, VA 3977 2700 2700

PHASE BALANCE 27.24% -13.62% -13.62%

TOTAL CONNECTED LOAD, VA 9377
FUTURE GROWTH - 10% 938
TOTAL + FUTURE LOAD, VA 10315

TOTAL CURRENT, A 29
DESIGN CURRENT, A 36
MINIMUM MAIN OCP 40

LTG - RM 1001
LTG - RM 1001

LTG - RM 1001
LTG - RM 1001

LTG - RM 1001
LTG - RM 1001
Space
Space

LTG - RM 1001
LTG - RM 1001

LTG - RM 1001
LTG - RM 1001

 
Main Overcurrent Protection 

 40A breaker  

 

New Feeder Size 

 (3) #8 and (1) #10 in 3/4” Conduit   

Based per NEC 2005. Tables 310-16, Table C.2, Table 250.122. THWN Copper wire rated 

for 75° C. 
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Energy Efficient Transformer Study 

The Art & Visual Technology building utilizes 12 transformers throughout the building to supply 

electricity at either 480/277V or 208/120V power. The following study compares the use of energy 

efficient transformers versus standard ones.    

  

The cost of the standard transformers was estimated from 2008 RS Means. Additionally, the cost of 

Powersmith’s transformers was estimated to cost an additional 35%.  The utility rate of 

$0.00272/kWh was used per the utility rate schedule of the building (GS-3 Dominion Virginia 

Power). This value seems extremely low to me, however I called to verify this information and a 

representative from Dominion Virginia assured me that all the information provided on their utility 

rate schedules is accurate. A typical 9 month, 12 hour operating schedule was used to estimate the 

building electrical usage. 

 

 *Note: A copy of the utility rate can be found in appendix D 
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Toll Free : 1-800-747-9627  or (905) 791-1493 Energy Savings Payback Calculator
Project Description Art & Visual Technology Building
Date 1-Mar-07

Standard Xfmr CoPowerSmith Co
QTY kVA

2 15 $6,530 $8,816
2 30 $4,385 $5,920

45 $5,110 $6,899
5 75 $7,000 $9,450
3 112.5 $13,439 $18,143

150 Total Cost Total Cost
225 $97,147 $131,148
300
500
750

1000
1500
2000
7.5

Available Full Load kW 802.5
Average kVA (calc) 67
equipment operating hrs/ day 12
equipment operating days/yr 270 Calc Load kW Calc Annual kWh
Load during normal operating hours 40% 321 1,040,040         
Load outside operating hours 15% 120 664,470            

Total Annual Load 1,704,510         
Annual Cost to Operate Load Only
kWh rate 0.003$         Annual Consumption: 4,636$             
demand rate ($/kW/mo)  ex. $10.00 $12.15 Annual Demand: 46,802$            

Total Cost to run load 51,438$            

Annual Cost of Status Quo Transformer Losses & Associated Air Conditioning (A/C) burden
Status quo Efficiency (Normal Operation) 97.0%
Transformer kW Losses (Normal Operation) 9.9 kW
Status quo Efficiency (Outside op. hrs) 92.0%
Transformer kW Losses (Outside op. hrs) 10.5 kW
Annual addititional kWh from transformers 89,946         kWh
Annual Cost of Transformer Losses 1,692$         

A/C System Performance (kW/ton) 1.25            
Additional Tons of Cooling (on peak) 2.82            tons
Annual addititional kWh from A/C 31,941         kWh
Annual Cost of Associated A/C 601$           
Summary with Status Quo Transformer
Annual Cost of feeding Building Load 51,438$       
Annual Cost of Transformer Losses 1,692$         
Annual Cost of Associated A/C 601$           
Electrical Bill (Status Quo Transformer) 53,731$       

Transformers on Project

The ESP Calculator TM
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IMPORTANT: By using the ESP Calculator™, you are agreeing the TERMS OF USE section on page 3
Pow ersmiths International Corp. is a licensed user. Content subject to change w ithout notice
Page 1 of 3     © Pow er Quality Institute 1998-2006,  All rights reserveddoc#807-000440-110-A0 1-M ar-07

Page 2 The ESP Calculator TM

Toll Free : 1-800-747-9627  or (905) 791-1493 Energy Savings Payback Calculator

Using Powersmiths instead of status quo transformers
Powersmiths Efficiency (Normal Operation) 98.2%
Powersmiths kW Losses (Normal Operation) 5.9 kW
Powersmiths Efficiency (Outside op. hrs) 97.6%
Transformer kW Losses (Outside op. hrs) 3.0 kW
Annual addititional kWh from transformers 35,403         kWh
Annual Cost of Powersmiths Losses 954$           

Additional Tons of Cooling (on peak) 1.67            tons 
Annual addititional kWh from A/C 12,572         kWh
Annual Cost of Associated A/C 339$           

Comparing Status Quo & Powersmiths
Status Quo Powersmiths

Annual Cost of feeding Building Load 51,438$       51,438$                 
Annual Cost of Transformer Losses 1,692$         954$                     
Annual Cost of Associated A/C 601$           339$                     Reduction
Annual estimated Electrical Bill 53,731$       52,731$                 2%

Peak kW reduction (normal op hours) 4.0 kW
Annual kWh reduction 73,912         kWh
Reduction in Air Conditioning Load (on peak) 1.15            tons

Cost Analysis  (calc)
Energy Cost Escalation (above inflation) 3.0%
Annual Power Quality Benefit -$            

Annual
Operating Cos 20 years 32 years

Status Quo Transformers $2,293 $82,829 $188,952
Powersmiths Transformers $1,293 $46,706 $106,547
Savings with Powersmiths $1,000 $36,123 $82,404

Cost Cost
Powersmiths Transformers $131,148
Status Quo Transformers $97,147

Payback on total cost 34.00 years current kWh rate:
Cost of Energy Savings 0.014$         /kWh $0.003
Cost - Benefit Ratio 0.2 times less to save a kWh than to buy a kWh

Leasing Option 60 Month Term 48 Month Term 36 Month Term
Total Annual Leasing Payments $24,563 $29,960 $38,120
Net Annual Cost with savings $23,563 $28,960 $37,120
Summary of Environmental Benefits

55                                                           tons of CO2 10                         Acres trees planted
177                                                         tons of Coal 7                          Car Emissions
428                                                         kgs of SO2 7                          homes heated
184                                                         kgs of NOx

IMPORTANT: By using the ESP Calculator™, you are agreeing the TERMS OF USE section on page 3
Pow ersmiths International Corp. is a licensed user. Content subject to change w ithout notice

Life Cycle Operating Cost & Savings

Annual Reduction in Greenhouse Gases (per EPA) Equivalence
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Conclusion 

Based on Powersmith’s ESP calculator, energy efficient transformers will save roughly $1,000 a 

year. With the initial increased cost of nearly $35,000, it will take about 34 years for the energy 

efficient transformers to pay themselves back. Over the life span of the system (32 years) energy 

efficient transformers will save roughly $82,000 in energy savings.  In addition to the financial 

savings, the reduced energy usage equates to roughly 10 acres of trees planted each year. In this 

instance, due to the extremely low utility rate, I would not recommend the use of energy efficient 

transformers. However, in other instances where the utility rate is a more typical range  $0.10/kWh 

energy efficient transformers can be very beneficial. 
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Photovoltaic Array Study 

A relatively attractive climate along with federal and state incentives makes the possibility of a 

photovoltaic array to be financial feasible for the Art & Visual Technology Building. The following 

study investigates the use of a photovoltaic array on roof of the Art & Visual Technology building. 

This study was conducted with the aid of RestScreen® to determine if the proposed system of 170 

watt monocyrstalline (product number BP 5170) photovoltaic modules produced by BP Solar would 

be beneficial to implement.  The aim of this study was to compare the cost of the solar panels versus 

the cost savings of energy production. Therefore, the cost of engineering, feasibility studies, and 

balancing were not included.  

 

 *See appendix E for the product cut sheet 

 

The federal and state incentives for the installation of a photovoltaic are integral to the financial 

success of installing such a system. These incentives help offset the high initial cost of purchasing 

and installing the system. After research of available state incentives for the production of renewable 

energy, it was found that no state incentives were applicable for this application. Many federal 

incentives are available but, are based on federal tax rebates. Since GMU is a university, most of 

these incentives were not applicable. The only incentive obtainable for this project was: 

  

Federal Renewable Energy Production Incentive (REPI) 

Introduced in the Energy Policy Act of 1992, the federal government provides 

financial assistance to energy producing facilities at the rate of 1.5 cents per kilowatt 

hour (1993 dollars, indexed for inflation) for the first ten years of operation. As 

estimated by www.moneytimes.com, the average inflation rate over this period was 

2.69%, which equates to a rate of 2.22 cents per kilowatt hour. 

 

Design Parameters 

To find the potential photovoltaic system size an approximation of available roof square footage was 

determined.  80% of the available roof area was  assumed to be useable for installation of 

photovoltaic modules. 
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  Available space on roof    = 9,775 ft2 

  Usable space on roof         = 7,820 ft2  

  Module Size (31”x 62.7”) = 13.5 ft2 

  Module Nominal Power    = .170kW  

  Number of Modules           = 7,820 ft2/ 13.5 ft2 = 579 

  Maximum Nominal Power = 98.4kW 

 

Weather data for Fairfax, Virginia was not obtainable, however weather data for Washington D.C. 

was used as it is close in proximity to Fairfax.  The avoided cost of energy was $0.272 which was 

determined from the utility rate for the campus.  

 

Estimated Initial Cost 

 Module Cost 98.4kW * $5,750/kW = $565,800  

  

Estimated intermittent Cost 

Periodic Inverter Replacement*    = $50,000 

Misc. Cost**                                  = $28,700 

Annual Operating & Maintenance = $880 

  *Note: Per RetScreen recommendations 

  **Note: Includes Training & 5% Contingency 

 

Federal Renewable Energy Production Incentive (REPI) 

 Savings $0.0222/kWh for the first ten years 
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RetScreen Results 
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Photovoltaic Array Conclusion 

The designed photovoltaic system yielded a twenty-five year plus payback period for the owner. The 

net energy production cost came out to be roughly $0.43/kWh which is much higher than the 

utilities’ rate of $0.00272/kWh. As discussed earlier in this report, I believe that the utility rate is 

extremely low. This is what drove the payback period to be at least 25 years. I had tested the same 

setup with using a rate of $0.10/kWh and got an output of roughly 15 years for the payback period. 

Since the federal incentive packages are based on federal tax savings and the avoided cost of energy 

(utility rate), implementing photovoltaic array on the Art & Visual Technology building is not 
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recommended. However, on a project whose owner pays federal taxes and a higher utility rate, a 

photovoltaic array could be highly recommended. 
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Over Current Protection Coordination Study 

The following coordination study examines the trip time curves for the three breakers shown on the 

proceeding schematic. A 400A 3 pole breaker on the main switch gear, a 150 A 3 pole breaker on a 

distribution panel and a typical 20A single pole branch circuit breaker were selected for the analysis. 

 
    20A Branch Circuit Breaker             150A 3 Phase Circuit Breaker             400A 3 Phase Circuit Breaker            
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Evaluation  

Upon laying the current trip curves over each other, it was found that the coordination of the chosen 

path was properly coordinated with the breaker furthest downstream tripping first and each 

consecutive breaker up stream breaking next.  
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Short Circuit Analysis 
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I was unable to contact Dominion Virginia Power, therefore with the recommendations of Professor 

Dannerth, the Utility transformer size was estimated at 750kVA. The following is the summary table 

of the short circuit analysis at each point throughout the system. The calculations used to tabulate the 

summary are in the following section. 

 

Point  Location Available Fault Standard Breaking Rating
A Utility Transformer Secondary 17,803 25,000
B SWBD 16,243 25,000
C Panel H3SA 14,790 25,000
D T3S 14,408 25,000
E R3SA 1,425 14,000
F R3SB 1,400 14,000  
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Per Unit Method

BASE kVA 1000
Utility Company Available Fault 1000000
System Voltage (kV) 0.48
Utility Transformer Primary
Utility Transformer Size 750 X (p.u.) 0.001

Utility Transformer Secondary
Average % Z. 5 X (p.u.)= (%X * base kVA/ 100 *xfmr kVA) 0.059507777
Average X/R 1.98 R(p.u.) = (%R * base KVA/ 100 *xfrmr kVA) 0.030054433
X (%) 4.463
R (%) 2.254 ΣX(p.u.) 0.060507777

ΣR(p.u.) 0.030054433
ΣZ(p.u.) 0.067560787

Isc rms sym 17803.4198

Main SwitchBoard
# of sets 6 X(p.u.) 0.00531684
length 150 R(p.u.) 0.003862847
Wire Size 400kcmil

XL 0.049 ΣX(p.u.) 0.065824617

R 0.0356 ΣR(p.u.) 0.03391728
X 0.001225 ΣZ(p.u.) 0.074049052

R 0.00089 Isc rms sym 16243.46331

Panel H3SA
# of sets 1 X(p.u.) 0.008038194
length 40 R(p.u.) 0.000111545
Wire Size 600kcmil

XL 0.0463 ΣX(p.u.) 0.073862812

R 0.0257 ΣR(p.u.) 0.034028825
X 0.001852 ΣZ(p.u.) 0.08132451

R 2.57E‐05 Isc rms sym 14790.28972

Transformer T3S
# of sets 1 X(p.u.) 0.00234375
length 10 R(p.u.) 5.55556E‐05
Wire Size #1/0

XL 0.054 ΣX(p.u.) 0.076206562

R 0.0128 ΣR(p.u.) 0.034084381
X 0.00054 ΣZ(p.u.) 0.083481645

R 1.28E‐05 Isc rms sym 14408.11404
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Secondary T3S
Transformer Size 75 X (p.u.)= (%X * base kVA/ 100 *xfmr kVA) 0.615409881
Average % Z. 5.7 R(p.u.) = (%R * base KVA/ 100 *xfrmr kVA) 0.445949189
Average X/R 1.38
X (%) 4.616 ΣX(p.u.) 0.691616442
R (%) 3.345 ΣR(p.u.) 0.480033569

ΣZ(p.u.) 0.841882136

Isc rms sym 1428.719068

Panel R3SA
# of sets 1 X(p.u.) 0.002148438
length 10 R(p.u.) 0.000239583
Wire Size 250kcmil

XL 0.0495 ΣX(p.u.) 0.69376488

R 0.0552 ΣR(p.u.) 0.480273153
X 0.000495 ΣZ(p.u.) 0.843784338

R 5.52E‐05 Isc rms sym 1425.498206

Panel R3SB
# of sets 1 X(p.u.) 0.018554688
length 75 R(p.u.) 6.94444E‐05
Wire Size #1

XL 0.057 ΣX(p.u.) 0.712319567

R 0.016 ΣR(p.u.) 0.480342597
X 0.004275 ΣZ(p.u.) 0.859143863

R 0.000016 Isc rms sym 1400.013564
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Structural Breadth 

Upon the redesign of the typical painting studio, the original clerestory design was switched to a 

skylight system. While this created the opportunity for a more uniform distribution of daylight, it 

also required modification to the existing system. The existing roof design made use of a 3” Type N 

Deep-Rib Steel Decking. The beams to be redesigned were assumed to be fully braced due to the 

metal decking and skylights. Therefore, sizing of members was based on the Steel Construction 

manual table 3-2.  

 

Please note that the scope of this depth is limited to the resizing and cost analysis of the structural 

members only. 

 

Design Roof Loads  

 1. Dead Loads: ( In accordance with IBC 2000, sections 1606 and 1605.3.1) 

    Roof Type A 
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    Metal Decking - 2.71 PSF  

    ½” Recovery Board – 0.65PSF 

    Tapered Insulation – 1.0 PSF 

    Rigid Insulation – 0.8PSF 

 Skylight – 10psf 

   *Note: Value Calculated from Vulcraft decking see appendix F for cut sheet  

 

 2. Live  Loads: (In accordance with IBC 2000, sections 1607 and 1605.3.1) 

    20PSF 

 

 3. Snow Load  (In accordance with IBC 2003 section 1608.2) 

    30 PSF snow load 

  

 Design Load = 1.2D + 1.6S + 0.5L 

   = 1.2(5.16) + 1.6 (30) + 0.5(20) 

   = 64.2 PSF 
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Existing Roof Framing Plan  

  
        Modified Area 

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.
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Existing Roof Framing Part Plan 

 

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.
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Existing Clerestory Framing Detail 
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Revised Roof Framing Part Plan 

r 
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Beam Schedule 

Joist Member Sizing (Assuming Moment Controls) 

Member
Design 
Load 
(PSF)

Tributary 
Area (ft)

Braced 
Length 

(ft)

Design 
Shear 
(kips)

Design 
Moment  
(kip ft)

Member 
Size

Moment 
of Inertia 

(in4)

Availabl
e Shear 
(kips)

Available 
Moment   
(kip ft)

Max 
Allowed 

Deflection 
(LL/360) in.

Live 
Deflection 

(in)

Max 
Allowed 

Deflection 
(Total/240) 

(in)

Total Load 
Deflection 

(in)

Joist A 64.20 5.08 30.00 4.89 36.71 W10x12 53.80 56.30 46.90 1.00 1.78 1.50 2.09
Joist B 64.20 9.95 30.00 9.58 71.86 W12x16 103.00 79.10 75.40 1.00 1.82 1.50 2.13

All members are controlled by deflection  

  *20psf used for Live load deflection calculation 

  ** 35.16psf used for total load deflection calculation 

 

Calculation to find necessary Moment of Inertia to satisfy deflection 

Member
Live Max 
Deflection 
(L/360) in.

Required 
Moment 
of Inertia 

(in4)

Total 
Load 
Max 

Deflectio
n (L/240) 

in.

Required 
Moment 
of Inertia 

(in4)

Member 
Size

Moment 
of 

Inertia

Available 
Shear 
(kips)

Available 
Moment   
(kip ft)

Design 
Shear 
(kips)

Design 
Moment    
(kip ft)

Joist A 1.00 95.83 1.50 74.88 *W12x26 204.00 84.30 140.00 4.89 36.71
Joist B 1.00 187.59 1.50 146.57 *W12x26 204.00 84.30 140.00 9.58 71.86  

*While a w14x 22 would be a more structural economical solution, a w12x26 was selected to limit the depth 

of the beam. 

 

Girder Design “C” (SAP2000 ver.11) 

 W18x55 Selected 

  Available Shear = 212 kips 

  Available Moment = 420 ft • k  

  Moment of Inertia = 890 in4 

 
 *black loads indicate point loads from joists “A” & “B” onto Girder 

 * Red load indicates uniform distributed load of roof framing 
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Shear Diagram 

 
 Max Shear= 19.03 kips <212 kips 

 

Moment Diagram 

 
 Max Moment = 168.28 ft • k < 420 ft • k 

 

Deflection 

 
 Max Deflection = 1.653 in. < 1.8 in. Max Allowed L/240 (1.8inches =12*36/240)  
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Skylight Framing Detail 

 
Financial Analysis 

With the removal of clerestories and addition of members to frame the skylight, a financial analysis 

was performed, using a per tonnage cost of $3,800/ton of structural steel, to determine if the new 

system would cut steel costs. An 20% allowance of tonnage was included for connections in both 

systems. The following tables show the tonnage of each system and the associated cost. 
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Existing Framing System 

Member 
Size

Linear 
Feet

Weight 
lb/linear ft

total weight  
(lbs)

w12x14(B3) 71.00 14.00 994.00
w21x44 320.00 44.00 14,080.00
w12x19 64.00 19.00 1,216.00
w18x40 120.00 40.00 4,800.00
w8x15 340.00 15.00 5,100.00

TS12x6x3/8 248.00 42.70 10,589.60
L3x3x3/8 264.00 7.17 1,892.88
TS8x4x3/8 88.00 27.40 2,411.20
WT6x15 53.30 15.00 799.50
TS6x4x3/8 150.00 22.30 3,345.00

22.61
4.52
3,800.00
103,120.25

total tons
*Connection Tonnage
**Price/ton
total Estimated Cost  

 

 New Framing System 

Member 
Size

Linear 
Feet

weight 
(lbs)/linear ft

total Weight 
(lbs)

w12x26 480.00 26.00 12,480.00
w18x40 320.00 48.00 15,360.00
w18x55 288.00 55.00 15,840.00

21.84
4.368
3,800.00

99,590.40

total tonage
*Connection Tonage (20%)
**Price/ton

total estimated cost  
 

Conclusion 

The redesign of the existing roof framing system was done in response to the change in daylighting 

strategies. The goal of the redesigned system was to adequately frame the new skylights while 

minimizing any impact to the current design, constructability and cost. The redesigned system 

effectively meets these goals by maintaining the existing structural bays, decreasing the number and 

type of joints, and maintaining similar tonnage of steel. In addition to a slight decrease in steel costs, 

I feel the decrease in the number of joints and complexity of joints would add to the savings. 
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Acoustical Breadth 

The acoustical breadth scope was to analyze the existing conditions in the wood shop classroom and 

surrounding areas on the lower level of the building.  The criteria used to evaluate the existing 

system are noise level in the room, reverberation time and sound transmission loss.  

 

Not all acoustical properties could be found for each material in the space, therefore the most 

appropriate approximation was made in each instance. Additionally, the noise levels of the room 

were estimated by taking a sound meter to the SALA building wood shop and measure existing 

conditions.  

 

Equipment Floor Plan 
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Equipment Schedule 

Equipment Schedule 
Tag Description 

9  Radial Arm Saw 
10  Chop Saw 
11  Drill Press 
12  Band Saw 14" 
13  Band Saw large 
14  Planer 
15  Table Saw 63"x30" 
17  large work table 
18  panel saw 
19  Small Work Table 
20  Storage Shelving 
21  Cord Reel receptacle 
26  Wall Clock 

 

Existing Noise Conditions 

Condition 125Hz 250Hz 500 Hz 1000Hz 2000Hz 4000Hz
Max Conidition 101 100 102 100 104 105
Dust Collector Only 72 73 75 71 70 69

Wood Studio Existing Noise Conditions (Noise Level dB)
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Reverberation Time Analysis 
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Based on the existing materials in the room, the reverberation time for the room meets the target 

time of 0.7sec-1.1 sec for demonstration and teaching purposes for all but the 125 Hz frequency 

which is 0.2 seconds over. Based on this data I found it unnecessary to modify the materials in the 

room.   

 

Noise Reduction 

A noise reduction analysis performed below will analyze if the noise from the wood shop will 

transmit into the crit room which is across the common corridor. 

 

Composite TL Calculation for Shared Wall 

Surface 
Description

Surface 
Area

TL @ 
125 Hz

τ @ 
125Hz

TL @ 
250 Hz

τ @ 
250 Hz

TL @ 
500 Hz

τ @ 
500 Hz

TL @ 
1000 Hz

τ @ 
1000 Hz

TL @ 
2000 Hz

τ @ 
2000 Hz

TL @ 
4000 Hz

τ @ 
4000 Hz

Wall 348.5 29 0.0013 41 8E-05 51 8E-06 56 3E-06 43 5E-05 48 1.6E-05
door 21 14 0.0398 15 0.0316 17 0.02 18 0.0158 22 0.00631 29 0.00126
glass 49 30 0.001 33 0.0005 36 0.0003 32 0.0006 40 0.0001 50 0.00001

ΣS 418.5

Composite TL

TL Calculation

25.00 27.67 29.84 30.60 34.32 41.10  
Wood Shop to Corridor Transmission  

Surface Description
Surface 
Area (ft2)

(α) 
125Hz

(α) 
250Hz

(α) 
500Hz

(α) 
1000Hz

(α) 
2000Hz

(α) 
4000Hz

Floor 372 0.01 0.01 0.01 0.02 0.02 0.02
Common Wall 348.5 0.16 0.07 0.04 0.04 0.03 0.03

Common Wall Door 21 0.10 0.11 0.10 0.08 0.08 0.11
Common Wall Glazing 49 0.15 0.05 0.04 0.03 0.02 0.02
Crit Room Wall 418.5 0.22 0.08 0.05 0.04 0.03 0.03
Ceiling 372 0.27 0.60 0.64 0.80 0.91 0.99

261.44 289.56 280.725 338.87 371.63 402.02

24.99886 27.666 29.8412 30.5986 34.3174 41.1047

‐2.043234 ‐1.5996 ‐1.7341 ‐0.9166 ‐0.51585 ‐0.17448
22.95563 26.066 28.1071 29.6819 33.8015 40.93022

Noise Reduction (Wood Shop -> Corridor)

Composite TL Common Wall

10 log a2/S
NR= TL + 10 log a2/S

A2= ΣSα
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 Noise Levels in Corridor 

Corridor Existing Noise Conditions (Noise Level dB) 

Condition 125Hz 250Hz 
500 
Hz 1000Hz 2000Hz 4000Hz 

Max Conidition 78.04 73.93 73.89 70.32 70.20 64.07 
Dust Collector Only 49.04 46.93 46.89 41.32 36.20 28.07 

 

Corridor to Crit Room Transmission 

Surface Description
Surface 
Area (ft2)

(α) 
125Hz

(α) 
250Hz

(α) 
500Hz

(α) 
1000Hz

(α) 
2000Hz

(α) 
4000Hz

Floor (Concrete) 382 0.01 0.01 0.01 0.02 0.02 0.02
Common Wall 348.5 0.16 0.07 0.04 0.04 0.03 0.03
Walls 1016.4 0.10 0.11 0.10 0.08 0.08 0.11
Ceiling (Exposed) 382 0.10 0.05 0.06 0.07 0.09 0.08

199.42 159.12 142.32 129.63 133.79 160.46

24.00 37.00 44.00 49.00 36.00 41.00
‐2.42 ‐3.40 ‐3.89 ‐4.29 ‐4.16 ‐3.37
21.58 33.60 40.11 44.71 31.84 37.63

Noise Reduction (Corridor -> Crit Room )

A2= ΣSα

Common Wall
10 log a2/S
NR= TL + 10 log a2/S  
 

Noise levels in Crit Room 

Condition 125Hz 250Hz 500 Hz 1000Hz 2000Hz 4000Hz
Max Conidition 56.47 40.34 33.78 25.61 38.36 26.44
Dust Collector Only 27.47 13.34 6.78 0.00 4.36 0.00

Crit Room Existing Noise Conditions (Noise Level dB)
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Recommended  NC Curve  

NC 25 125Hz 250Hz 500 Hz 1000Hz 2000Hz 4000Hz
db 45 38 31 27 25 21

Crit Recommended Noise Criteron Curve

 
   Redesigned Crit Room/Corridor wall construction 

  Existing 3 5/8” 20 gauge metal studs with GWB on each side 

Redesigned Construction 3 5/8” 24 gauge metal studs with 2 layers of 5/8” GWB and 3” 

fiberglass insulation 

 

Redesigned Corridor to Crit Room Transmission 

Surface Description
Surface 
Area (ft2)

(α) 
125Hz

(α) 
250Hz

(α) 
500Hz

(α) 
1000Hz

(α) 
2000Hz

(α) 
4000Hz

Floor (Concrete) 382 0.01 0.01 0.01 0.02 0.02 0.02
Common Wall 348.5 0.16 0.07 0.04 0.04 0.03 0.03
Walls 1016.4 0.10 0.11 0.10 0.08 0.08 0.11
Ceiling (Exposed) 382 0.10 0.05 0.06 0.07 0.09 0.08

199.42 159.12 142.32 129.63 133.79 160.46

38.00 52.00 59.00 60.00 56.00 62.00
‐2.42 ‐3.40 ‐3.89 ‐4.29 ‐4.16 ‐3.37
35.58 48.60 55.11 55.71 51.84 58.63

Noise Reduction (Corridor -> Crit Room )

A2= ΣSα

Composite TL Common Wall
10 log a2/S
NR= TL + 10 log a2/S  
  

Noise Levels in redesigned Crit Room 

Condition 125Hz 250Hz 500 Hz 1000Hz 2000Hz 4000Hz
Max Conidition 42.47 25.34 18.78 14.61 18.36 5.44
Dust Collector Only 13.47 0.00 0.00 0.00 0.00 0.00

Crit Redesigned Noise Conditions (Noise Level dB)
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Recommended NC Curve 

NC 25 125Hz 250Hz 500 Hz 1000Hz 2000Hz 4000Hz
db 45 38 31 27 25 21

Crit Recommended Noise Criteron Curve

 
 

Evaluation 

Initial analysis of the wood shop helped lead my design as I originally intended to try and quiet the 

wood shop room itself. After trying numerous attempts I found this to be a lost cause. I then turned 

my attention towards sound isolation. Occupants within the wood shop would be wearing ear 

protection from the harmful noises, therefore the main goal was to make sure the wood shop did not 

disturb adjacent spaces. While not exactly adjacent, the crit room, across the corridor from the 

woodshop, was used to evaluate sound propagation through the existing building construction. It was 

found that the proposed design would create unsatisfactory noise levels in the crit room while the 

machines were running in the wood shop. It was then determined that the most cost effective method 

to isolate the crit room from this noise was to redesign the wall construction. By changing to 3 5/8” 

24 gauge metal studs with 2 layers of 5/8” GWB and 3” fiberglass insulation, noise transmission was 

able to be limited to meet the target noise criterion (NC) of 25. 
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Conclusion & Final Remarks 

The past year’s work on the Art & Visual Technology Building has taught me as much as it has 

challenged me.  While in many instances only the final design or solution is shown, it was a learning 

process including much iteration to come to the point I have. This building and thesis have taught me 

a great deal about the relationship between systems and how to approach design.  

 

The lighting depth portion of the report focused on four major spaces; the main entrance façade, 

main entry lobby, exhibit gallery and typical painting studio.  For each space I ended up having 

much different design criteria. Through much iteration I was able to come to a design solution for 

each that met the design criteria I had set out to meet. Through the use of the wall-washing LEDs I 

was able to create a dynamic and creative solution to give the building and department a sense of 

place and identity. The use of the slot downlighting and continuous wall sconce in the main lobby 

emphasizes the dimensions of the space while creating a unique feel. The painting studio provides a 

flexible and workable condition for painting students that is both effective and energy efficient. 

Finally, the use of the recessed channels in the exhibit gallery allows the design to have the low 

profile I desired, while still meeting the needs of the space. 

 

The electrical distribution including branch circuits, feeders and panelboards for each space were 

adequately redesigned to handle the new lighting loads. Additionally, it was found that the extremely 

low utility rate coupled with George Mason University not being eligible for federal tax incentives 

led to a photovoltaic array not being financially viable for this project. Meanwhile, it was found that 

the use of energy efficient transformers would also not be recommended due to the extremely low 

electrical utility rate. 

 

The redesign of the roof framing system was done to structurally accommodate the newly designed 

skylights. While providing a better distribution of natural daylight into the painting studio, it will 

cost less in the amount of structural steel needed as well as decrease the number and complexity of 

connections in the system. 
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Finally, an acoustical study was performed to evaluate and improve the existing acoustical 

conditions for the wood shop in the lower level of the building. Through the intial design it was 

found that no practical method could be employed to decrease noise levels in the shop to 

recommended levels. However, a redesign of the wall framing assembly for the adjacent crit room 

prevented the transmission of noise from the wood shop to penetrate this space. 

 

 



George Mason University    Allen Walker 
Art & Visual Technology Building    Lighting / Electrical Option 
     

Appendix A 

Luminaire Schedule 

Luminaire Cutsheets 

Lamp Cutsheets 
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Luminaire Schedule 
Ballast
Type

(2) FP28/835

(L1)

50PAR20-H-
SP10
(L2)

(1)-FP28/835

(L1)

(1)-FP28/835
(L1)

(1)-PLT/32W/ 
835/ 4P/ ALTO

(L3)
(1)-

F032/835/ECO
(L4)

G Bega 8996MH (1)CDM100/ 
830/ED17 (L5) M5 277 Pole area walkway lighting

(1)MC39T6/ 
U/G12/ 835PB

(L6)
(1)20T3Q/ 

MINISTAR/S
(L7)

LW/Tile/FLR/ 
RECT/ 

2.165x11.8/ 
FROST/RGB/

BOXY
(2) FP28/835

(L1)

(1)50PAR20/ 
H/FL25

(L8)

(1)50PAR20/ 
H/SP10

(L2)

(1)50PAR30/ 
HIR/FL35

(L9)

O Color Kinetics #116/ 000016/ 
00/00

144LEDs 
(280W) - 120V

Custom in grade housing to 
accommodate pedestrian traffic 

load.

P Prescolite D4LED/277V/ 
4D9/WT 4 LEDS (13W) - 277V Surface Mounted Canopy 

Downlight, 

Recessed slot downlight, 
Dimming Ballast

Luminaire 
Type Manufacturer Catalog # Volts CommentsLamps

A Se’lux
M1B1-2T5-SA-X-
SH-004-WH-277-

DM
M1 120

Recessed Continuous slot 
downlight

B Lighting Services 
Inc C100-00-W n/a 120 Track Lighting Mounted to 

Skylight Opening

C Se’lux M1B1-1T5-SA-X-
SH-004-WH-277 M2 277

Recessed 6” Square Downlight

D Se’lux M1N1-TS M2 277 Recessed continuous sconce with 
satin diffuse lens

E Kurt Versen H8632-WT M3 277

Banner Floodlight

F Lightolier CL-1-4-E82 M4 277
Stairwell cove fixture. See 
Proceeding information on 

mounting details.

H Erco 34105.023 M6 277

In-grade fixture, integral 
transformer, supply 120v AC.

I Bega 1323 - 12v
Step light with integral 

transformer. Supply 120v to 
fixture.

J Light Wild 72 LEDs (6W) - 24V DC

Recessed Track mounted at top 
of channel. Black finish housing. 

25 degree beam spread.

K Focal Point
FTV/14/D/ 
2/T5/E/277/ 

G/PB/DF/BK
M1 120

Recessed 1’x4’ troffer, black 
matte finish louvers. Dimmable 
Ballast.  To be mounted flush 

with bottom of channel. 

L Lighting Services 
Inc. C100-00-B n/a 120

Recessed Track mounted at top 
of channel. Black finish housing 

35 degree beam spread.

M Lighting Services 
Inc. C100-00-B n/a 120

Recessed Track mounted at top 
of channel. Black finish housing 

10 degree beam spread.

N Lighting Services 
Inc. C110-00-B n/a 120
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Appendix G Main Entrance Courtyard Plan 
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Appendix I Typical Painting Studio 
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Appendix J Typical Painting Studio 
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