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general building statistics | architecture |
occupant | Oakland University, School of Engineering and Computer

john conley | lighting + electrical

Science The new Engineering Center is a state-of-the-art

occupancy or function types | 2 Buildings separated by firewall; facility for research and education within the School of
Building A is MBC TYPE IIB, NFPA TYPE II(000) and Building B is MBC Engineering and Computer Science and consolidates

TYPE 1B, NFPA TYPE 11(222 . i
leee) four departments under one roof. This building is

size | 136,653 GSF . . -
levels | 5 all above grade designed to foster curiosity, research enthusiasm and

dates of construction | January 2013 — September 2014 student collaboration.
estimated cost | $57 Million Construction Cost
project delivery method | Design-bid-build

architects + engineers | SmithGroupJJR

construction manager | Walbridge Aldinger Company

lighting + electrical |

The lighting and electrical systems consist of:

e Low voltage LED and FL fixtures with clean
aesthetic

e Primary service 13.2KV down to 480/277V 3PH, 4W
from a substation transformer.

e Step-down transformers per floor 480Y/277V
down to 208Y/120V 3PH, 4W

¢ Rooftop natural gas generator which provides
480V power to the emergency panels

mechanical |

The main mechanical systems are located on the
penthouse level and include two centrifugal chillers
both with a nominal capacity of 290 tons, two
turbogenerators, and the main air handling unit
supplying 5200 CFM to the building.

Figure 1 South Lobby perspective | SmithGroupJJR

structural |

The structural system of the building consists of:

e Concrete footings and slabs

e Steel decking

e A framework of steel beams and columns

« Reinforced CMUs on the lower level perimeter

Figure 2 Lecture Hall perspective | SmithGroupJJR

John Conley | Advisor Shawn Good | Thesis Site http://www.engr.psu.edu/ae/thesis/portfolios/2015/jdc5349/index.html
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The following report is the culmination of a semester of work to research the building, study redesign
possibilities, and develop final designs and recommendations. The report focuses on the lighting and
electrical aspects of the building as the senior thesis depth topics. Additionally, a daylighting study
was performed as an MAE special topic based on work done in graduate courses. And finally, two
breadth topics were studied to display the wide base of knowledge that the Penn State Architectural
Engineering has provided.

The existing lighting for four select spaces in the new Engineering Center at Oakland University was
redesigned. The lighting redesign is focused on a central concept of furthering the engineering
industries through the studies undergone at Oakland University which ultimately pave the way for
progress. The lighting design also attempts to accent the very geometric forms of the Engineering
center and provide spaces that are visually appealing and conducive to collaboration.

From these redesigns, the effects on the electrical system were analyzed and branch circuits were
altered to show the differences in connected loads. The electrical system was not drastically altered
and no changes would have to be made to the main electrical equipment.

The two breadth topics, as well as the daylighting analysis are centered around the addition of three
Kalwall pre-engineered Skyroof products to the project labs space on the first level. The main
purpose for these skylights was to increase the daylighting in the project labs space to further the
lighting concept and save energy through photosensor dimming of the electric lighting. The addition
of these skylights also decreased the structural dead load providing the possibility to downsize the
members directly affected by this decrease. Hand calculations were done to show this possible
change in structure. Likewise, the mechanical heating and cooling loads were affected by the addition
of the skylights and analyzed. A simple payback period was calculated based on an official quote of
the Kalwall system and final recommendations are given.
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General Building Data

Building name | Engineering Center

Final Report | April, 8 2015

Location and Site | Oakland University, Rochester, Michigan

Building Occupant Name | Oakland University, School of Engineering and Computer Science

Occupancy or function types | 2 Buildings separated by firewall; Building A is MBC TYPE IIB,
NFPA TYPE II(000) and Building B is MBC TYPE IB, NFPA TYPE 11(222)

Size | 136,653 SF (Gross)

Number of stories above grade / total levels | 5 /5

Primary project team |

Owner

Oakland University (http://www.oakland.edu/)

Architect

Lighting Designer

MEP Engineer

Structural Engineer

SmithGroup JJR (http://www.smithgroupjjr.com/)

Civil Engineer

Johnson & Anderson (http://ja-engr.com/)

Audiovisual, Telecommunications, Security,
Acoustics

Convergent Technologies
(http://www.cti-usa.net/)

Construction Manager

Walbridge Aldinger Company
(http://www.walbridge.com/)

Dates of construction | January 2013 - September 2014

Actual cost information | $57 Million Construction Cost

Project delivery method | Design-bid-build
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Architecture

Southwest Perspective | Courtesy of SmithGroupJJR

Design | This new Engineering Center for Oakland University's campus is a much needed addition to
the campus in terms of faculty office, classroom and research lab space for the campus’ ever growing
school of engineering and computer science. As the new heart of Oakland University’s School of
Engineering and Computer Science, this building needs to provide the appropriate spaces for the
improvement of teaching, learning and research. The building’'s program of spaces includes, 1000
seats of classroom space, 200 seat lecture hall, SECS (School of Engineering and Computer Sciences)
office spaces, departmental office spaces, faculty office spaces, student office spaces, class
laboratories, research laboratories, clean rooms and study spaces including a café. This building, for
those involved at Oakland University, is a symbol of future growth of the university and the School of
Engineering and Computer Science (SECS), interdisciplinary collaboration and an incubator of ideas in
research and learning.

The design aesthetics of the building are intended to be very raw and geometric in nature. That being
said, there were attempts, architecturally, to tie the building into the campus fabric through the use of
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the brick on the lower levels to reflect the older buildings on the campus and the modern feeling
panels and curtain walls to reflect the more recent projects completed on the campus. The building
sits on a hill and creates a nice transition from the upper level near the campus library to the lower
parking area as well as helping to create more of a quad feeling in the upper area and a nice stair
feature for transition through the campus. The new Engineering Center is to be a tangible symbol of
the future for Oakland University and the School of Engineering and Computer Science.

National Model Codes | The main codes used by the architects and engineers while designing
include: The Michigan Building Code 2009 (MBC 2009) which is an amended version of IBC 2009; the
Michigan Fire Prevention Code MFPC which adopts NFPA 1; Michigan 2008 Electrical Code
incorporating National Electrical Code 2008 (NEC); the Michigan Plumbing Code 2009 (MPC) which is
an amended version of the International Plumbing Code 2009; the Michigan Mechanical Code 2009
(MMC) which is an amended version of the International Mechanical Code 2009; 2003 ICC/ANSI
Al117.1 2010 ADA Standards for accessibility and usability.

Zoning | For zoning purposes, Oakland University is located in both the Auburn Hills zone and the
Rochester Hills zone. The Engineering Center will be situated within the Auburn Hills zoning
ordinance under a special purposes designation. According to Article X, Section 1000 Special Land
Uses Permitted, colleges, universities or other institutions of higher learning have to comply with
three stipulations: First being that to be considered in this special purpose designation the site must
be greater than 40 acres. The second, is that the ingress and egress from the site must be onto a
major or secondary thoroughfare. And third, no building can be closer than 75 feet from any
property line unless it is for one family residential purposes.

Historic Requirements | There are no historic requirements to adhere to in the design of this new
engineering building for Oakland University’s campus.

Building Enclosure
Building Facades |

Brick Walls | The exterior brick facades, found on the lower two floors of the building, are typically
made up of a veneer face brick tied back into a CMU wall with dovetail wire anchors, an air space,
fluid-applied vapor-retarding membrane, then the concrete wall separating the exterior from the
interior wall structures.
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() SROXWALL AT GRADE CETAL

Courtesy of SmithGroupJJR

Panel Walls | The metal panel walls, found in the upper floors of the Engineering Center, include a
zinc faced composite wall panel connected to the structure with adjustable framing angles which
allows for room for an air space and XPS-1 extruded-polyestrene board insulation followed by the

concrete masonry unit wall assembly.

Panel Facade Section | Courtesy of SmithGroupJJR

Curtain Walls | The curtain wall system utilizes two sided structural sealant glazed curtain wall with 1"
insulating glass with ¥2" argon airspace and a visible transmittance of 79% as well as vertical mullion
mounted sunshade system which is horizontal louver based and angled down at 20 degrees.
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Atrium Section showing exterior glazing and shading louvers | Courtesy of SmithGroupJIR
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A section of a typical roof (left) as well as the garden roof (right) | Courtesy of SmithGroupJJR

A typical roof section, shown above on the left, contains, from the structure to the exterior, surface
conditioner, fluid-applied protected membrane roofing, protection course, drainage panel, three
inches of semi-rigid insulation, a filter fabric and another later of concrete which is a precast concrete
roof paver. For the garden roof assembly we have, waterproofing, root barrier protection sheet,
drainage mat with integral filter fabric, thermal insulation (60 psi minimum) and a water retention
drainage mat all below the actual garden roof system.
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Sustainability Features

|

DETAIL AT CURTAINWALL AND

e SUNSHADE
sAE TerT

Curtain wall and sunshade section detail | Courtesy of SmithGroupJJR

Of the sustainability features included in the design of this building, the ones that are most apparent
are the photovoltaic panels on the main roof (1 above), the garden roof on the lower roof (2 above),
and the sun shading features on the South curtain wall facade. The photovoltaics, create energy for
the building's use, provides a testing ground for the energy research that the school foresees in their
future and compliments the overall aesthetic of the building giving it an interesting and raw quality.
The lower roof garden will aid with the heating and cooling of the lab spaces below and also provide
the students and faculty a nice environment to walk around. The sunshades on the curtain wall
facade on the South side of the building will provide shading to the interior and let in a smaller
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portion of the total daylight into the atrium space and also add another layer to the curtain wall
aesthetic. The designers and construction managers along with Oakland University are targeting a
LEED Gold Certification upon completion of the project and have outlined a plan so as to obtain this.

Construction

Walbridge Aldinger Company was the construction manager at risk for this project. They started work
on the construction in January of 2013 and finished up construction in late August of 2014 opening
the Engineering Center for use in the fall 2014 semester. As part of the construction of this new
facility for the School of Engineering and Computer Sciences, they also renovated 15,000 square feet
of space in other buildings that the SECS previously occupied on campus.

Electrical

Utility power, at 13.2 kV, enters the building on the ground level into a designated substation room.
The substation room contains two transformers taking the voltage down to 480Y/277V power, which
travels through feeders to the electrical rooms on each level and multiple 480/277V panels in the
substation room. There are designated electrical rooms on every floor including the penthouse level.
Within each electrical room are step-down transformers from 480Y/277V power to 208Y/120V which
supplies the power to branch panelboards powering the receptacles, mechanical equipment, and
some lighting.

The emergency power is supplied by a 225A natural gas generator in the penthouse provides the
power to the fire pump controller from a 480Y/277V panel. Two turbogenerators are also located in
the penthouse and provide the power to the other necessary amenities for life safety including
emergency lighting, elevators, stair pressure fans, lab and atrium exhaust fans, sump pumps, atrium
coiling doors, and the other loads on the legally required panels.

Lighting

The lighting design for the Engineering Center is energy efficient, functional, fairly minimalistic, and
pleasingly accents the architecture of the spaces. Each space was evaluated both quantitatively and
qualitatively to provide the building with a solution that works with the architecture and provides
quality lighting. The building primarily uses LED and linear fluorescent fixtures. The spaces with one
or two main tasks are simpler in design and contain a minimal number of fixture types. Those that are
more public and more complex, in terms of task, have more complex and visually appealing lighting
schemes with points of interest and layers of lighting.

A very important aspect of the lighting scheme is the use of controls. The larger classrooms are all
equipped with Lutron lighting controllers to provide zonal control and scene control of the spaces as
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well as interface with projector and projector screen control. Daylight dimming photocell sensors are
used throughout the building for lighting dimming purposes to save energy by supplementing
daylight for electric light. Combination occupancy/daylight/HVAC sensors are also used to turn on
lights and HVAC systems when occupied as well as dimming as daylight increases.

Mechanical

The air handling system for the Engineering Center comprises of one 5200 CFM capacity air handling
unit in the penthouse of the building, a 30000 CFM make-up air unit on the roof, and a 30000 CFM
heat recovery unit also on the roof. These units provide the required air exchanges to all of the
interior spaces through volume control boxes.

Cooling for the building uses two cooling towers, CT-1 and CT-2, rated 750 GPM each and an 8" main
cooling loop servicing the building fan coil units and chilled beams. If the system is in a heating
mode, heat exchangers connected to the system provide cooling as well.

General building heating is provided by a low temp heat recovery boiler that recovers heat from the
exhaust of the turbine generators. The high temp heat recovery system also recovers the exhaust
from the turbine generators and provides some heat to the building and some to the campus high
temperature loop.

A building management system, or BMS, controls the mechanical systems in the building through a
central control.

Structural

The structure of the Engineering Center consists of a concrete foundation, steel framing structure, and
composite decking for the floors and roof. Foundations include 3000 PSF continuous footings, 35 PCF
retaining walls, and 55 PCF basement walls. Structural beams are placed to account for building dead
and live loads as per code in a manner that does not detract from the building aesthetic. The column
sizes vary in size from W8x28 to W14x176 and are spliced for the longer column lengths. The
composite slab typically consists of 2" depth 16 or 18GA steel decking, 4.5" deep normal weight
concrete at 4000-PSI strength, and steel reinforcing.

The most interesting structural challenge on this project was the cantilevered stair structure in the
southern lobby space. Here the engineers used an exposed beam structure to support the middle of
the stair without detracting from the effect.
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Fire Protection

Fire protection is important for both the safety of the occupants as well as the building. The building
is fully equipped, in accordance with NFPA requirements, with smoke detectors, fire alarms and sirens,
strobe lights, a sprinkler system, exit signs, fire-proofing, fire walls, and lab and atrium exhaust fans.
On the first level there is a designated fire pump room with a 480V, 3PH, 3W, 100HP fire pump and a
480V, 3PH, 3W, 2HP jockey pump as well as a fire pump controller with wye-delta starter and integral
automatic transfer switch. The systems necessary for life safety and code are all included on the
emergency power.

Transportation

There are three elevators servicing the building and transporting occupants to all levels of the
Engineering Center. Elevator #1 is 30HP and is controlled in room 100A. Elevator #2 is 30HP and is
controlled in room 100B and elevator #3 is 45HP and is controlled in room 153A; elevators #2 and #3
are included in the emergency power scheme.

Another transportation related device in the Engineering Center is a wheelchair lift located in the 200-
seat lecture hall and provides disabled individuals access to the bottom tier of the lecture hall.

Telecommunications

The Engineering Center uses many different telecommunications systems to be the most state-of-the-
art a facility as possible. CATV and CCTV cables service the building’s video surveillance and television
systems. Each of the classroom spaces house projectors, projector screens, central control systems,
video cameras, and audio speaker systems. Certain rooms and the building entrances require card
reader access so as to keep the facilities safe. This facility is certainly equipped for the future for the
School of Engineering and Computer Sciences.






Conley Final Report | April, 8 2015

Overview

The lighting depth section of this report will explore the design development of four selected spaces
in the new Engineering Center at Oakland University. The schematic design for these spaces were
completed in the Fall 2014 semester culminating a presentation to the faculty advisor and another
presentation at the Lutron facility in Coopersburg, PA to lighting design professionals. The comments
that were received during both presentations were considered and further design on each of the
spaces was conducted to refine and improve.

The spaces that were studied include: the exterior walkway that travels up the eastern side of the
building from the southern entrance to the entrance on the north side of the building, the large
transition area of the southern lobby and atrium spaces including the corridors that run into them, the
200-seat lecture hall auditorium, and the project labs large workspace in the western wing of the
building.

Concept | Paving the Road to Progress

The design of these spaces is unified by a design concept that embodies the essence of the building
and the goals of the occupants. Oakland University’s engineering program has a close interaction
with the automotive industry in southeastern Michigan. The work that they are doing in the
engineering programs there is important as they hold the ability to ensure a more promising future in
the automotive industry. They are “paving the road to progress” with the research and studies they
undergo at school, building on the successes of the past in southeastern Michigan, and starting a new
generation of engineers for the future of the automotive industry. The concept “paving the road to

progress” focuses on automobile related ideas and the importance of collaboration, research, and
innovation in the work that will be conducted in the new Engineering Center to further enhance the
industry. This idea of a path, and a continuation from past to present embodies the idea that
everyone has a part in this overall progress and that all of these individual paths intersect in points of
studying the past and collaborating towards a common goal.




Conley Final Report | April, 8 2015

Space Locator

Description of Space

The exterior walkway stretches from the southern side of the building to the north and elevates from
the first level of the building to the second. This is a major transition area for the building, with three
entrances off of this walkway, and for the campus, with intersections with other paths and the
connection to the parking lot in the south. The materiality of the exterior here is consistent with the
rest of the building with brick exterior walls, concrete stairs and ground, and a metal panel overhang
with green tinted architectural fins.

Concept

Figure 1 Exterior Schematic Design Sketch

With the heavy traffic potential and the importance of this main walkway for the building and the
campus, the idea of an intersection of is going to be used to emphasize the lighting design. An
intersection is a crossing of paths by definition, and as the students and faculty traverse the campus
and share knowledge, these paths are crossed. The pathways will be clearly marked and the
entrances to building are the intersections of the pathways and will be given importance through
higher illuminances.
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Design Criteria

The following is a list of important design criteria, both quantitative and qualitative, to reinforce
design concepts and desires for the final lighting design.

Illuminance Criteria | According to the IES Lighting Handbook
LZ2 According to Table 26.4

Table 26.2 Building Entries

Covered Entry High Activity = 20 lux Ep, 10 lux E, (25-65 age range)
Stairs High Activity = 6 lux Ep, 2 lux Ev

Safety | Since this is an exterior space on campus, it was very important to consider how this
space would ultimately feel in terms of safety and to provide a space that welcomes rather
intimidates.

Color Rendering | The color temperatures desired were in the 4000 K range with high color
rendering indexes to reinforce the safety factor and to ensure that the rendering of faces
would be adequate.

Lighting Power Density | According to ASHRAE 90.1 — 9.4.2-1 Zone 3,
Large Walkways = 0.16 W/ft?

Stairways = 1 W/ft?

Main Entries = 30 W/(linear ft of doorway)

Lighting Layers

Due to comments from the Lutron presentation, the design was simplified from the initial schematic
design which was deemed to be too literal with the concept. The linear in grade fixtures and step
lights that created the center of the roadway were taken out of the design. A schematic sketch is
shown on the previous page.

The final lighting design contains five main layers of light to achieve the design goals outlined above.
The architectural element of the brick handrail on the right hand side of the walkway has a linear LED
detail to accent the wall and to provide a clean line of travel from north to south along the building.
The recessed downlight fixtures are used at each of the covered entryways to provide a higher
illuminance to the entry as the literal intersections of the paths creating a hierarchy of light for the
pedestrians. The architectural fins are highlighted with a wall mounted fixture in-between the fins
which also provides a repeated pool of light on the walkway to brighten the path and create the
sense of safety that is intended. Bollard fixtures at the top of the southernmost stair and along the
path in front of the building create another pathway line and levels of lighting that allow for proper
vision while traversing the steps. And finally, two linear in grade fixtures are used near the north entry
to highlight the architectural feature there which contains the nameplate for the building. These
layers of light can be seen in the renders below.
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Fixture Schedule

Exterior Fixture Schedule
Type Symbol Image Description Manufacturer
Handrail detail encapsulated LED strip light,
L1 3 IP&T plug in connectors at both ends, 4000K, LED Linear
T 85 CRl, 3-Step MacAdam binning

?

Recessed 6" round LED downlights, tempered
clear glass enclosure, anodized aluminum Bega
reflector, Qutdoor rating IP&5, 4000K, 85CRI

L2

8" square wall mounted assymmetric LED, die-
cast aluminum housing, semi-specular
anodized aluminum internal reflector, weather
tight IP65 rating, 4000k, 85 CRI

30" tall two sided bollard with 21-5/8"
illuminated height per side, 1/4" thick
aluminum extruded housing with

L3 Bega

L4 A-Light

electrostatically applied powder coat finish,
1/4" polycarbonate lens, UL/CUL Wed Location
rated, 4000K

20-7/8" x 3-1/2" linear LED ingrade
symmetrical floodlight, extruded stainless steel
with 1/4" tempered matte safety glass cover,
IPET rating, 4000k, 80 CRI

LS Bega

Controls

According with ASHRAE 90.1 9.4.1.4, the exterior lighting must be controlled by a time clock system
with photosensors to turn the exterior lights on or off depending on the time of day to provide light
when sufficient daylight is not present. The lighting must also be able to retain programming. This
will save on energy as well as provide insurance of safety.
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Lighting Plans

Figure 3 Exterior Level 1 showing South Stair and Entrance
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Figure 4 (Left to Right) Level 2 Lighting Plan of walkway, Level 3 Architectural Fins Northern portion, Level 3 Architectural Fins Southern
Portion
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Renders

The following lighting plans and sections have colored symbols to indicate the fixtures used and
their locations in the space. The fixture schedule above indicates what fixture each symbol stand

for. The circuiting for these fixtures can be found in the electrical depth.




Conley Final Report | April, 8 2015

Pseudocolors (Light Levels)

-
-
— -
ﬁ

\/

A

AN,

19.80 24.90




Conley

Lighting Power Density
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Space
Large Walkways
Covered Walkway
South Entry Walkway
Stairways
Lower Stair
Walkway Stair

Main Entries

South Entry
North Entry
Walkway Entry

Exterior Lighting Power Density

Watts Allowed Area or Length Total Watts Allowed Watts Used

0.16 W/ft

1wyt

30 W/linear ft of
doorway

5328 ft?
6978 ft?

1307 ft?
1099 ft?

10 ft

10ft
7.33 ft

852.48 W 588.8 W

1116.48 W 120 W
1307 W -
1099 W 145.6 W
300 W 46 W
300 W 69 W
220 W 23 W

Space Evaluation + Summary

The final lighting design for the exterior space creates literal lines of travel from north to south

along the walkway and east to west across the south of the building and dramatically highlights the
entryways with a hierarchy of light. The illuminances achieved on the pathways and stairs average

around 10 lux with spots of higher illuminance which acceptably exceeds the criteria. The
illuminances at the entries also exceed target illuminances but create an easier transition to the

higher interior lighting. The lighting power densities from the lighting design are well below what is
allowed by ASHRAE 90.1 which also reinforces the validity of the design and the hopes to create a

well-lit and safe exterior space. The lighting design criteria here are found to be met and the

lighting design follows the overall lighting concept by lighting the roads to progress which lead to
the intersections with the building in which the students who enter find the knowledge to improve

the industry.
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Transition Space | South Lobby + Atrium

Space Locator

Description of Space

The lobby and atrium spaces off of the southern entrance are heavily trafficked areas within the
building providing a transition space through which most people will see when traveling to specific
parts of the building. Because of the high level of use and visibility in the building, this space needs
to provide a visual statement as well as provide ease of way finding and places for occupants to feel
comfortable in.

The space has a nice and rustic palate of materiality including terrazzo flooring, exposed CMU and
gypsum walls, perforated metal handrails, and acoustic ceiling tile and metal mesh ceilings.

The main tasks of the space are general transition of pedestrians, congregation to study and sit
near the café on the second level, and reading/studying in the study niches in the southern lobby.
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Concept

Figure 9 Schemattic Lighting for Lobby

The combined space of the southern lobby and atrium with the prominent connecting staircase is
the largest and most important transition space in the whole of the Engineering Center. With such
a high level of activity, and so many different ways to travel through the space, the idea of a
highway with off-ramps drove the design concept. There are areas of high traffic, the highways,
where the light will be more direct and intense to provide a feeling of tension to direct the traffic in
specific ways. Then there are areas of congregation, or off-ramps, with more decorative and
perimeter lighting to denote areas of relaxation where the light is less intense.

Design Criteria

The following is a list of important design criteria, both quantitative and qualitative, to reinforce
design concepts and desires for the final lighting design.

Illuminance Criteria | According to the IES Lighting Handbook
Lobbies | Circulation | Building Entries

Day = 100 lux Ep, 50 lux Ey, 3:1 Avg:Min

Night = 50 lux En, 20 lux Ey, 3:1 Avg:Min
Lounges | Pleasure Reading = 200 lux Ep, 100 lux Ey, 1.5:1 Avg:Min
Stairs | High Activity = 100 lux Ep, 50 lux Ey, 2:1 Avg:Min
Dining Areas | Coffee Shops = 100 lux En, 30 lux Ey, 3:1 Avg:Min

Way Finding | Lines of light to denote main traveling routes and aid in finding the desired
means to reaching locations within the building

Psychological Impression | In these spaces, the John Flynn psychological impressions of
tension and relaxation are employed to denote areas of transition and areas of study and
collaboration

Color Rendering | The color temperatures desired were in the 4000 K range with high color
rendering indexes to provide a consistent design
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Lighting Power Density | According to ASHRAE 90.1
Lobby | All other Lobbies = 0.90 W/ft?

Lobby | Elevator Lobbies = 0.64 W/ft?

Corridor | All other Corridors = 0.66 W/ft?

Atriums = 0.4 + 0.02 * total height = 1.82 W/ft?

Lighting Layers

A few changes were made to the lighting design since the schematic design presentations due to
limitations from the quantitative criteria, limitations with the fixtures to achieve the desired look,
and misunderstandings regarding the architecture. The circular recessed lights were taken out of
the design near the elevator lobbies due to available ceiling area in which to mount the fixtures and
an overhang that would block much of the light from illuminating the ground in front of the
elevators. The circular recessed light in the main lobby space was replaced with a square due to the
very angular and geometric architecture of the building to better enhance the overall aesthetic.
Due to the task of reading in the study niches it was determined that mounting LED tape to the
perimeter was not going to be sufficient. And finally, in the lobby, due to LED driver limitations,
maintenance issues, and possible safety issues, the tube pendants in the atrium space were taken
out and replaced with window details to create the sense of verticality. A schematic design sketch
of the lobby space can be seen on the previous page.

The lobby has multiple layers of lighting to create visual interest in the space. To provide ease of
way finding and areas of tension for the purpose of movement, scattered lines of recessed linear
luminaires provide downlighting to the corridors on the first and second levels adjacent to the
lobby and atrium spaces. To bring attention to the staircase, a decorative cluster of linear LED
pendant fixtures hovers above the stair as a statement piece which also exemplifies the importance
of the stair as an intersection of paths between two levels of transition. To bring attention to the
architecture of the study niches on the western side of the lobby, linear LED details in the wooden
finishes of the niches provide adequate reading light to the workplanes for relaxing places to study
and congregate. The elevator lobbies on both the first and second floors incorporate recessed
linear wall to ceiling fixtures to indicate the vertical transition of the elevators and create a waiting
space that is not fully tense as the hallways are, and not fully relaxing with perimeter lighting. And
finally, to indicate the spaces of respite within all of the busyness of the space, recessed linear lights
in a square provide perimeter lighting for main area of the lobby for congregation purposes.

The stairway goes up to the second floor café seating area and four story atrium space. This space
lends itself to being a great place for social interaction outside of the classroom. To create an area
of relaxation, perimeter lighting will be provided from mullion mounted lighting over the seating
area and cove lighting on the third floor. In an attempt to draw the eye upwards, and
metaphorically towards a common future for the engineering and computer science goals of the
school, linear lights uplight the window recesses along the western wall of the atrium. As your eye
travels up the atrium, they reach the top where more cove lights create a floating ceiling effect as
this sort of exciting and promising future within site. These layers of light can be seen in the
renders below.
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Lobby + Atrium Fixture Schedule

Description Manufacturer

Recessed 6" round LED downlights, tempered
clear glass enclosure, anodized aluminum Eega
reflector, Outdoor rating IP65, 4000K, §5CRI

4' x 264" Recessed linear LED downlight, flush

mount, extruded aluminum housing, white

powder coat steel reflector, frosted acrylic Focal Point
lens, replaceable LED modules and drivers
from below, 4000 K, 80 CRI

Linear surface mounted LED, 11-5/16" length
segments, anodized aluminum extrusion with
injection molded end caps, clear high strength
acrylic lens, 3500K, 85 CRI

&' linear LED pendant, aluminum extrusion with
a matte anodized finish, frosted white acrylic
lens diffuser, suspended with adjustable Delray Lighting Inc.
aircraft cable with push button glider, 4000K,
90 CRI

Same product as L6 with a modified wall to
ceiling housing and flex whip connector

7'x 2.25" x 3.375" Mullion mounted
assymmetric LED fodure, aluminum extruded  A-Light

housing, precision milled endcaps, 4000K

1'x1.5" x 21" linear LED wall grazing fixdure,

narrow 10 x 60 degree beam angle, 4000k, 84 Philips Color Kinetics
CRI

Cove lighting LED fodure with a 4" opening
from ceiling grid and total 7.3" depth above
ceiling, extruded aluminum housing with
polyester poweder coat, frosted lens, 3500K

USAL

Focal Point

Facal Point

Controls

To provide dimmer lighting during the nighttime, all fixtures will be on dimmer circuits to allow for
dimming. Manual control of these fixtures will be provided in convenient locations for those
allowed to control the lighting without access to the general public. Lighting in the atrium will
utilize daylighting controls due to the amount of natural light that enters the space during the day.
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Lighting Plans + Sections

The following lighting plans and sections have colored symbols to indicate the fixtures used and their
locations in the space. The fixture schedule above indicates what fixture each symbol stand for. The
circuiting for these fixtures can be found in the electrical depth.
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Figure 11 First Floor lobby and Corridor Lighting Plan
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Figure 12 Level Two Lobby and Atrium Lighting Plan
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Figure 13 Level Three Atrium Lighting Plan
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Figure 14 Level Five Atrium Lighting Plan
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Figure 17 Lobby Section Render

Figure 18 Vestibule and Corridor Render Figure 19 1st Floor Corridor Render

Figure 20 Stair Pendant Render Figure 21 Study Niches Render
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Figure 22 Atrium Perspective Render

Figure 23 Atrium Level Two Render Figure 24 Level Two Elevator Lobby Render
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Figure 26 Vestibule to Lobby Pseudocolor
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Lighting Power Density

Lobby Lighting Power Density
Type Quantity Input Watts Lobby Watts  Corridor Watts  Elev. Lobby Watts
L2 3 19.5 58.5
L6 35 21 336 399
L7 38 FT 6.3 W/FT 2394
L8 10 24 240
L9 12 8 96
Total Watts 874 399 96
Total Area 1933 1564 176
Calculated LPD 0.45 0.26 0.55
ASHRAE 90.1 LPD Allowed 0.90 0.66 0.64
Difference 0.45 0.40 0.09
Atrium Lighting Power Density
Type  Quantity Input Watts Total Atrium  Total Corridor
Watts Watts
L6 11 21 231
L10 3 30 90
L11 3 125 375
L12 24 229 549.6 549.6
Total Watts 677.1 780.6
Total Area 886 1800
Calculated LPD 0.76 0.43
ASHRAE 90.1 LPD Allowed 1.82 0.66
Difference 1.06 0.23

Space Evaluation + Summary

By dividing the intents of the space into transient areas of movement and areas for congregation,
the lighting design has a connectedness but also a clear shift which helps to aid in the design
intents for this space. The final lighting design is in accordance with the lighting design criteria,
creates an affective transition space through the building, and acts as a nice architecture improving
statement from the exterior. The transition space meets the illuminance criteria of 100 lux in the
lobby, corridors, and the stairway and fades off in the café seating area to bring more attention to
the verticality and because the space will mostly be used during the daytime. The lobby lighting is
50% more efficient than the maximum allowed loads according to ASHRAE 90.1. Likewise, the
atrium was 58% more efficient due to minimal design, the elevator lobby 15%, the first floor
corridors 61%, and the second floor corridors 34%. The final design seems to be successful even
after having gone through a reality check filter to make it more reasonable than the schematic
design.
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Special Purpose Space | Lecture Hall

Auditorium Space Locator

Description of Space

The 200-seat lecture hall auditorium, located on the first level, is the largest space in the building
for the instruction of students and is thus very important to the program of the building. This space
will be used for classes, presentations, guest lectures, and any multitude of other uses to the school
of engineering and computer science. Because of this multiuse aspect of the space, the lighting
design, scene control, and AV schemes are very important and will need to be coordinated. The
lighting design needs to have multiple layers of functionality as well as providing appropriate
lighting levels for reading, writing, presentations and safe travel through the space.

The space materials are quite interesting comprising of carpet tile flooring, wooden panel side walls
and side ceilings, a metal mesh ceiling in the center of the space, and exposed CMU walls in the
front and backs of the room.

Some significant features of the space are the three motorized projectors, the slightly tiered aspect
to the seating, the wheelchair ramp along the right-hand side of the space, and the personal
wheelchair lift in the front left of the space. A plan and section of the space are shown below.

(39"} WEST AUDITORIUM
W scue veere

Figure 27 Auditorium Section Looking West e ¢ 4 i

Figure 28 Auditorium 1st Floor
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Concept
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When coming up with an appropriate concept for the auditorium space, three schematic concepts
were created for the schematic presentations last semester. There was not one concept that stood
out from the rest however comments were made to steer the lighting design away from a literal
interpretation of the concept. The schematic concepts all centered on the presenter and this idea of
displaying and sharing of knowledge to reach a common future for the industry.

By taking these initial concepts and analyzing the feelings of the space that are desired, a new
concept was formulated. The space really is a testament to the present and an arena to display and
share achievements. For these reasons, the new concept is “embracing the present”. This concept
fits with the building overall concept and lives within it as a snapshot in the continuum from past to
future. This idea of embracing the future shapes the lighting design for the auditorium space.

Design Criteria

The following is a list of important design criteria, both quantitative and qualitative, to reinforce
design concepts and desires for the final lighting design.

Illuminance Criteria | According to the IES Lighting Handbook

Educational Facilities | Auditoria
Lecture Hall | Audience | AV and Notes = 50 lux Ep, 15 lux Ey, 2:1 Avg:Min
Lecture Hall | Audience | AV and No Notes = 10 lux En, 6 lux Ey 2:1 Avg:Min
Lecture Hall | Speaker/Panel | AV = 30 lux En, 18 lux Ev (<3 times audience)
Lecture Hall | Speaker/Panel | No AV = 500 lux Ep, 200 lux Ey, 3:1 Avg:Min
Circulation | AV = 2 lux Ep, 10 lux Ey, 5:1/3:1 Avg:Min
Circulation | All but AV = 10 lux Ep, 30 lux Ey, 10:1/3:1 Avg:Min
Reading + Writing = 300 lux En

Versatility | Multiple layers of light to allow for zone control and scene selections

Color Rendering | The color temperatures desired were in the 4000 K range with high color
rendering indexes to provide a consistent design

Lighting Power Density | According to ASHRAE 90.1
Classroom | Lecture Hall = 1.24 W/ft?
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Design Development

As stated in the concept portion of this section, the original three schematic designs were combined
and discarded for a new concept and final design. As per the design criteria, a versatile and multi-
function design is desired which meets the necessary quantitative criteria. For the final design, five
layers, or zones, of lighting fixtures are used to be as versatile as possible.

The main general illuminance is provided by large surface mounted luminaires which have a
rounded square shape and embody the idea of an embrace as per the concept.

The second layer also embodies the idea of the embrace. It is a series of cove mounted fixtures
which line the side walls and a portion of the front wall to bring attention to the presenter and to
provide illuminance to the circulation areas on the perimeter.

The third layer provides the illuminance for the presenter area and consists of 5 square downlight
fixtures. Using a similar fixture with a wider beam spread and lower lumen output, a filler general
illuminance is provided to the audience area for certain lighting applications of the space.

The final layer is a series of linear surface mounted LED strip lights to provide low light levels and a
dappled look to the center of the room by shining down through the metal mesh ceiling. These
lines of light are also intended to draw the audience’s eyes towards the front of the room.

Appropriate control schemes will be in place to allow for infinite possibilities for using these five
layers for different situations. Three possible lighting schemes are shown in the renders below.
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Fixture Schedule
Auditorium Fixture Schedule
Type Symbol Image Description Manufacturer
Linear surface mounted LED, 11-5/16" length
segments, anodized aluminum extrusion with
injection molded end caps, clear high strength
acrylic lens, 3500K, 85 CRI

‘ Cove lighting LED fixture with a 4" opening
from ceiling grid and total 7.3" depth above

L7 LISAT

L12 Focal Point

ceiling, extruded aluminum housing with
polyester poweder coat, frosted lens, 3500K

66.7" x 867" x 3.1" Ceiling mounted direct LED
fixture, polished aluminum housing finish,

| — integrated acrylic cover, fabric covering as a
light and acoustic diffuser, 4000k

L13 Sattler

4" Square recessed LED downlight, self-
flanged semi-specular reflectar, highly

& transmissive lens, 20 degree beam angle,

L14A Gotham

3500K

4" Square recessed LED downlight, self-
flanged semi-specular reflector, highly
transmissive lens, 60 degree beam angle,
3500K

L14B Gotham

Controls

Using Lutron’s GRAFIK Eye software, and researching their products, it was determined that a
GRAFIK Eye QS system would be used with at least one wall mounted button control in the back
and one in the front. The QS system can be used to control the five zones of light by determining
their dimming levels and coming up with set lighting schemes for the space and can be wirelessly
addressed by the wall mounted button controls. There will be two wall mounted infrared
occupancy sensors, one in the front of the room and one in the back. In the back, an all-on and all-
off button control will be available in case the occupancy sensors are not working correctly. The
front button control will allow the presenter to control the lights to any scene that they desire.
Information on these Lutron products are shown in Appendix IV. For the study of this space, 3
lighting schemes were devised.

All-On Testing Mode = all lights at 100%
Presenter = L7, L12, L14B at 50%, L13 off, and L14A at 100%
AV mode = L7, L12, L14B at 50%, L13 and L14A off
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Renders + Pseudocolors | All-On Testing Mode
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Renders + Pseudocolors | AV Mode
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Renders + Pseudocolors | Presenter Mode
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Auditorium Lighting Power Density

Type Quantity Input Watts
L7 159 ft 6.3
L12 31 229
L13 14 87
L14A 5 42
L14B 19 8
Total Watts

Total Area

Calculated LPD

ASHRAE 90.1 LPD Allowed
Difference

Total Watts
55.65
709.9
1218

210
152
2345.55
4408

0.532112069
1.24
0.71

Space Evaluation + Summary

The design for the auditorium successfully embraces the present and provides a lighting situation that
is affective and versatile. The lighting levels for the all on testing mode are around 300 lux on the
desk surfaces as well as the presenting area providing a nice bright test taking atmosphere. The other
two schemes provide about 50 lux on the desks which is the desired level. The circulation levels are
kept slightly higher than those recommended in the IES handbook at between 40 and 50 lux
depending on the scheme because it was decided that higher illuminances would be more acceptable
than lower illuminances and that way the lighting for the space is more uniform. The presenting area
was kept slightly under that recommended for the presenter mode but slightly higher for the AV
mode. This compromise was determined to be acceptable and the design allows for a reconfiguration
of the scene levels. The lighting power density for the space is 40% more efficient than the ASHRAE

allowable wattage.
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Large Workspace | Project Labs
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Project Labs Locator

Description

The project labs space is the largest workspace in the building and will be used for the production
of formula cars as well as a multitude of other products in the school of engineering. This is where
the ideas of the students and the knowledge they have obtained are put together to create and to
show off and test their ideas which is why this space deserves to be a place that is comfortable to
work in as well as functional. The design will have layers of stylized light to make the space visually
appealing and layers of high level lighting for the visually intensive tasks of using machinery. The

materiality is fairly plain with concrete flooring, exposed ceiling, exposed CMU walls, and exposed
steel beams throughout.

Figure 30 Project Labs 1st Floor
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Concept

The project labs space, as a hands-on learning experience for the students, was seen as a sort of an
outlet to allow the students to break out of their normal schooling and push the boundaries with
the application of knowledge. Here, the past is set aside and the projects look only to the future.
This space needs to have a stylized and industrial feel to the space to make it both realistic and yet
also visually stimulating.

Design Criteria

The following is a list of important design criteria, both quantitative and qualitative, to reinforce
design concepts and desires for the final lighting design.

Illuminance Criteria | According to the IES Lighting Handbook
Educational Facilities | Classrooms
Shops | Assembly = 500 lux En, 250 lux Ey (<25 years old)

Stylized Industrial Feeling | According with the concept, a higher end feeling to this fairly
industrial space is desired

Color Rendering | The color temperatures desired were in the 4000 K range with high color
rendering indexes to provide a consistent design as well as a good quality of light for the
type of work that is to be done in the project labs

Lighting Power Density | According to ASHRAE 90.1

Many space types seemed to match the project labs space which is in fact three different
rooms. Laboratory in or as a classroom = 1.43 W/ft?, Workshop = 1.59 W/ft?, Vehicular
Maintenance Area = 0.67 W/ft?, and Manufacturing Facility (25-50 ft floor to ceiling) = 1.23
W/ft2. The average of these four lighting power densities is 1.23 W/ft? and also matches that
of the manufacturing facility and thus this one was used
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Design Development

During the schematic design phase last semester, many perimeter lighting layers were envisioned
which would uplight the ceiling and provide ground plane illuminance at the entrances along with
an industrial pendant array for the visual tasks. Due to the open ceiling plan, and large amount of
mechanical equipment and structural beams in the space, many of the perimeter lights were
abandoned in the design development phase of design. The number of pendant fixtures was
minimized from the original design.

The pendant array are grouped into 4 main zones for the 2 smaller spaces and then the larger space
on the east side having 2 zones. This was done for dimming capabilities as well as occupancy
sensing. There are two layers of stylized light in the final design above and below the second floor
overlooks into the space. The luminaires below the overlooks are surface mounted and illuminate
the entryways from the first floor corridor. The luminaires above are linear bottom mounted
asymmetric LED fixtures that provide some uplighting to the ceiling and mechanical equipment as
well as emphasizing the overlook architecture.

A very important aspect to the project labs lighting scheme was added during the design
development phase with the addition of the Kalwall Skyroof skylights. These skylights allow the LED
pendants to dim much of the day and provide a nice diffuse layer of sunlight to the space and
emphasizes the idea of "breaking out of normal schooling” and “pushing the boundaries”. This
topic is further discussed in the MAE daylighting section of this report.
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Fixture Schedule

Project Labs Fixture Schedule

Type Symbol Image Description Manufacturer
315" x 9.18" x 4.63" Industrial high-bay LED
pendant, &' cable length, heavy duty extruded ,

L15 . . . . Big Ass Light

& anodized aluminum construction, protective 19 Ass HIghts

optical lumen maintenance tray, 4000k, 73 CRI
11'x 3.5" x 2.5" Bottom mounted assymmetric

L16 " LED fixture, aluminum extruded housing, A-Light
4000k

11" % 2-3/8" x 3-9/16" Surface mounted Linear
LED fixture, extruded aluminum housing with

L17 " aluminum endcaps, polyester powder coating, Selux
extruded impact resistant acrylic lens, 4000k,
80 CRI
Controls

The main control aspects of the space include, vacancy sensors, multiple zones for switching of each
of the three main spaces, and photosensor dimming of the pendant fixtures due to the addition of
the skylights. The controls will be easily accessible from either side of the project labs.
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Lighting Plans + Sections

Figure 32 First Floor Lighting Plan

Figure 33 Second Floor Lighting Plan
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Renders

Figure 36 Perspective Rendering

Figure 38 Perspective Render Looking Southwest
Figure 37 Section Render Looking East
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Project Labs Lighting Power Density

Type Quantity Input Watts
L15 26 194
L16 44 FT 10
L17 44 FT 8.4
Total Watts
Total Area

Calculated LPD
ASHRAE 90.1 LPD Allowed
Difference

Total Watts
5044
440
369.6
5853.6
5704
1.03
1.23
0.20

Space Evaluation + Summary

Overall, the three layers of light in conjunction with the addition of the skylights seem to emphasize
the concepts of breaking from tradition and pushing the boundaries. The lighting emphasizes both
the industrial feeling of a workshop and the stylized feel with the perimeter lighting and the stylish
LED pendant luminaires used. The quantitative design criteria also seem to be met fairly well. The
average ground plane illuminance ranges between 400 and 600 lux which is fine for the space
which should be around 500 lux on the workplane. The lighting power density for the space was
calculated to be 1.03 and is 17% more efficient than the ASHRAE 90.1 allowed lighting power

density. The space seems to meet the criteria set forth and is a successful space.
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General Lighting Notes

This short section outlines a few lighting design general notes for the process used in coming up with
the final lighting designs. These notes can be applied to each space.

3ds Max Studio

3ds Max was used to perform all interior lighting calculations and renders. Revit models were
provided by the architect, SmithGroupJJR. These models were exported as .dwf files from Revit and
imported into 3ds Max. The models were cleaned up of extra geometries and then the layers were
assigned appropriate general materials and or specific materials if they could be made and were
important to the design. From here, there was a long iterative process of determining appropriate
lights to place into the model to achieve the desired effects that were thought of during the
schematic phase to ultimately achieve the lighting levels desired.

To check the lighting levels, radiosity solutions were calculated with adaptive subdivision. In 3ds Max,
this radiosity solution stores the luminance values in each of the surfaces and allows for a convenient
way to explore the model to determine any problems. From the radiosity solution, renders could then
be made through the Scanline rendering settings of 3ds Max. For the normal renders, a logarithmic
lighting solution was used. For the pseudocolors, a linear illuminance solution was used.

3ds Max Studio has been validated by many as a decent lighting tool and the methods used were a
variation of what was learned at a previous internship. The materiality and complexity of the models
made this process fairly time consuming and the final solutions do not reflect how exactly how the
lighting would most likely appear. The renders were done to the best of my knowledge of the
program and of the use of materials however and they are good enough for the purposes of getting
my points across.

Light Loss Factors

Due in part to using strictly LED fixtures for each space and due to the fact that the technology is
getting increasingly better in terms of lamp life, a light loss factor of 0.7 was used for each fixture.
Using lamp dirt depreciation as well for some fixtures was considered, but due to the 0.7 being fairly
conservative already this was determined to be sufficient enough. During the past internship, 0.7 LLF
was almost always utilized.






Conley Final Report | April, 8 2015

Overview

The new Engineering Center, being located on the Oakland University campus, receives its utility
power from the University at a discounted cost compared to the surrounding area of Rochester,
Michigan. This utility power enters the building at the ground level into a secondary unit substation,
room 160, which contains two 15 kV fused load interrupter break switches (PS-A2 + PS-B2) for the
two primary service transformers. All of the electrical rooms are fed from feeders located in this room.
A penthouse generator is used in the event that emergency power is needed. Most of the panels in
this building use 480Y/277V 3PH, 4W power from the two main transformers through distribution
panels however, some panels using 208Y/120V power require step-down transformers in the
designated electrical rooms on each floor. There are 63 wall-mounted branch panel boards located in
the eight designated electrical rooms throughout the building. Of these, only nine panels were
affected by the lighting redesign.

The electrical depth consists mainly of a branch circuit analysis of the lighting panels that have been
impacted by the lighting redesign of the four main spaces that are covered in the lighting depth
portion of this report. The lighting panels are all very conservatively designed to meet NEC
requirements and to allow for changes during the life of this building. Because of this, none of the
panels have been resized as the load added to the panels in most cases does not impact the
connected load very much.

The second portion of this depth includes a point-by-point short circuit analysis from the substation
main transformer to one of the impacted lighting branch circuit panel boards. This analysis showed
what was assumed about the oversizing of the panels with all points along the fault analysis having

less load than the equipment’s Ampere Interrupting Capacity (AIC) rating.

Branch Circuit Calculation

Firstly, the affected branch circuit panels were determined and the loads were noted and each fixture
on these panels were used to calculate the load that would be subtracted from the appropriate
circuits.
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Modified Panelboards
Panel Voltage Normal/Emergency Exterior Lobby + Atrium Auditorium Project Labs
L11A  480Y/275 Normal
H11 480Y/277 Normal
H13 480Y/278 Normal
H13LS  480Y/279 N/E
H21 480Y/280 Normal
H23 480Y/281 Normal
H23LS  480Y/282 N/E
H31 480Y/283 Normal
H51 4380Y/284 Normal
Original Design Loads
Area Type Quantity Wattage Voltage VA Circuit
Project Labs F7 27 364 W 277V 9828 VA H23-8
Project Labs F7 8 364 W 277V 2912 VA H23LS-5
Lobby 1 L7 10 14 W 277V 140 VA H13-1
Exterior L7 1 14 W 277V 14 VA H13-1
Exterior 1 L11 22 6 W 277V 132 VA H13-3
Exterior 2 L11 12 6 W 277V 72 VA H21-5
Auditorium L13 10 45 W 277V 45 VA H11-1
Lobby 1 L14 24 FT 6 W/FT 277V 144 VA H13-1
Auditorium L15 27 5W 120V 135 VA L11A-34
Lobby 2 SF1 90 FT 7.5 W/FT 277V 675 VA H23-1
Hallway 2 SF5 7 36 W 277V 252 VA H23LS-5
Atrium 5 SH4 6 75W 277V 450 VA H51-7
Exterior 2 SL1 3 20 W 277V 60 VA H23LS-5
Exterior 2 SL2 22 10w 277V 220 VA H23LS-1
Lobby 2 SL4 41 FT 9 W/FT 277V 369 VA H23-5
Atrium 3 SL4 46 FT 9 W/FT 277V 414 VA H31-8
Exterior 1  SL5 34 11w 277V 374 VA H13LS-5
Lobby 1 SL10 10 21W 277V 210 VA H13-1,H13LS-3
Auditorium SL10A 5 21 W 277V 105 VA H11-1
Exterior 1 ~ SL10B 2 20 W 277V 40 VA H13-1
Exterior 2 SL10B 7 20 W 277V 140 VA H21-1,H23LS-1
Auditorium SL11 10 3W 120V 30 VA L11A-34
Auditorium SL13 28 18w 120V 504 VA H11-1
Auditorium SL13B 7 40 W 120V 280 VA L11A-34
Atrium 3 SL13C 10 28 W 277V 280 VA H31-7
Lobby 2 SL22 120 FT 9 W/FT 277V 1080 VA H23-5
Auditorium SL26 12 22W 120V 26 VA L11A-34
Auditorium SL27 8 20 W 120V 160 VA L11A-34
Lobby 1 SL28 23 36 W 277V 828 VA H13-1,H13LS-3
Lobby 2 SL28 11 36 W 277V 396 VA H23-1,H23LS-5
Auditorium SL29 30 63 W 277V 1890 VA H11-1
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For the branch circuits affected by the lighting redesign, the loads from all of the installed fixtures
from the four main spaces were added to appropriate circuits according to proximity to the electrical
rooms and the lighting fixtures that they are replacing. Installed lighting with the lighting redesign
Refer to lighting depth section for luminaire type descriptions or Appendix I for the full lighting fixture
schedule.

To find the volt-amp loads for each of the fixtures, a 0.9 power factor was used as a conservative value
as per EnergyStar and Dok recommendations. And, for the maximum continuous load, in VA, a
continuous load factor of 125% was used to determine the maximum VA to put on each circuit as per
the NEC.

Maximum Continuous Load VA per circuit for 480Y/277V Panels = 277V * 20A * 0.8 = 4432 VA

Maximum Continuous Load VA per circuit for 208Y/120V Panels = 120V * 20A * 0.8 = 1920 VA

us

DoE EnergyStar California Europe China Korea Japan

Efficiency 50Im/W 50Im/W N/A N/A N/A N/A N/A

Residential PF >0.7 >0.7 N/A >0.7 N/A >0.85 N/A

THD N/A N/A N/A N/A N/A N/A N/A

Efficiency 55Im/W 55Im/W 55Im/wW N/A N/A N/A N/A

Commercial PF >0.9 >0.9 >0.9 >0.9 >0.9 >0.9 >0.9
THD <20% <20% <20% <20% <30% <30% <30%

Then, for each luminaire type in the lighting redesign, the VA contribution was calculated and the
appropriate circuit was chosen as shown in the figures below.

Exterior Lighting Load Calculation

Type Quantity Wattage Voltage PF VA Circuits

L1 9Im 48W/m 24V 0.9 485 VA (19m) H13-3, (72m) H21-5
L2 6 23 W 277V 0.9 153 VA (2) H13LS-3, (4) H21-1

L3 9 32w 277V 0.9 320 VA H23LS-1

L4 6 40 W 277V 09 267 VA H13-3

L5 2 27 W 277V 0.9 60 VA H23

Total: 1285 VA
Lobby Level One Lighting Load Calculation

Type Quantity Wattage Voltage PF VA Circuits
L2 3 23 W 277V 0.9 77 VA H13-1
L6 19 21w 277V 0.9 443 VA H13-12
L7 38FT 6.3 W/FT 277V 0.9 266 VA H13-1
L9 6 8w 277V 0.9 53 VA H13LS-3

Total: 839 VA
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Lobby + Atrium Level Two Lighting Load Calculation
Type Quantity Wattage Voltage PF VA Circuits
L6 27 21w 277V 09 630 VA H23-5
L8 5 48 W 277V 09 267 VA H23-1
L9 6 8W 277V 0.9 53 VA H23LS-5
L10 18 FT 5 W/FT 277V 09 100 VA H23-1
L11 3FT 125 W/FT 277V 0.9 42 VA H23-1
| Total: 1092 VA
Atrium Level Three Lighting Load Calculation
Type Quantity Wattage Voltage PF VA Circuits
|L12 10 229W 277V 09 254 VA H31-8
Atrium Level Five Lighting Load Calculation
Type Quantity Wattage Voltage PF VA Circuits
|L12 14 229W 277V 09 356 VA H51-7
Auditorium Lighting Load Calculation
Type Quantity Wattage Voltage PF VA Circuits
L7 159 FT 6.3 W/FT 24V 0.9 1113 VA L11A-34
L12 31 229 W 277V 09 789 VA H11l-1
L13 14 87 W 277V 0.9 1353 VA H11-1
L14A 5 42 W 277V 09 233 VAHI11-1
L14B 19 8 W 277V 0.9 169 VA H11-1
Total: 3657 VA
Project Labs Lighting Load Calculation
Type Quantity Wattage Voltage PF VA Circuits
L15 26 194 W 277V 0.9 5604 VA (14) H23-8, (12) H23-10-6
L16 44 FT 10 W/FT 277V 0.9 489 VA H23-11
L17 44 FT 84 W/FT 277V 0.9 411 VA H23-11

Total: 6504 VA
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These loads were then added to the selected circuits and the original loads were subtracted to
determine the final loads on these circuits which then updated the panel boards. All of the updated
and original panels are shown on the following pages with the affected circuits highlighted.

VA Normal Load Changes

Circuit  Area VA VA Taken Out VA Replaced New Total
H11-1 Auditorium 2005 VA 2005 VA 2544 VA 2544 VA
H13-1 South Entry + Lobby 1 1732 VA 1022 VA 343 VA 1053 VA
H13-3 Handrail + Exterior 1 322 VA 322 VA 368 VA 368 VA
H13-12  Lobby1 0 VA 0 VA 443 VA 443 VA
H13LS-3 Lobby 1 757 VA 354 VA 104 VA 507 VA
H21-1 North Entry 1395 VA 140 VA 162 VA 1417 VA
H21-5 Handrail 173 VA 72 VA 384 VA 485 VA
H23-1 Lobby 2 1059 VA 675 VA 408 VA 792 VA
H23-5 Lobby 2 1237 VA 1237 VA 630 VA 630 VA
H23-6 Project Labs 0 VA 0 VA 2587 VA 2587 VA
H23-8 Project Labs 3420 VA 3420 VA 3018 VA 3018 VA
H23-11  Project Labs 0 VA 0 VA 900 VA 900 VA
H23LS-1  Exterior 2 92 VA 92 VA 320 VA 320 VA
H23LS-5 Lobby 2 3455 VA 258 VA 53 VA 3250 VA
H31-7 Atrium 3 2461 VA 280 VA OVA 2181 VA
H31-8 Atrium 3 386 VA 386 VA 254 VA 254 VA
H51-7 Atrium 5 3428 VA 450 VA 356 VA 3334 VA
L11A-34  Auditorium 501 VA 501 VA 1113 VA 1113 VA

Totals: 22.4 KVA 11.2 KVA 14.0 KVA  25.2 KVA
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Panelboard: H11 Updated
Location: ELEC 154 Volts: 480Y/277 A.LC. Rating: 14000
Supply From: LDP-H11 Phases: 3 Mains Type: MCB
Mounting: Surface Wires: 4 Bus Rating: 100 A
Enclosure: Type 1 MCB Rating: 100 A
CKT Circuit Description Trip | Poles A B C Poles | Trip Circuit Description CKT
1 |Lighting 200 Seat Classroom 116 20A 1 20 A |Lighting Fire Pump/Domestic Water 152 2
3 |Lighting Corridor 193 20a | 1 20 A [Lighting 4
5 |Lighting 20a ] 1 20 A |Lighting Room 731 6
7 |Lighting 20a ] 1 20 A [spare 3
9 |Spare 20A 1 20 A |Spare 10
11 [spare 20A | 1 0 VA 20 A |Spare 12
13 [spare 20a] 1 20 A [spare 14
15 [spare 20a] 1 20 A [spare 16
17 [spare 20a] 1 20 A [spare 18
19 [Spare -- -- -~ |Spare 20
21 |Spare -- -- -~ |Spare 22
23 |Spare -- -- - |Spare 24
25 |Spare -- -- -- _[Spare 26
27 |Spare -- -- 0 VA -- _[Spare 28
29 [Spare -- -- -- |Spare 30
Total Load: 5982 VA 792 VA 780 VA
Total Amps: 22 A 3A 3A
Load Classification Connected Load Demand Factor Esti d D d Panel Totals
Lighting 7554 VA 80% 6043 VA
Total Conn. Load:|7554 VA
Total Est. Demand: (6043 VA
Total Conn.:[9 A
Total Est. Demand:|7 A
Panelboard: H13 Updated
Location: ELEC 173 Volts: 480Y/277 A.L.C. Rating: 14,000
Supply From: LDP-H11 Phases: 3 Mains Type: MCB
Mounting: Surface Wires: 4 Bus Rating: 100 A
Enclosure: Type 1 MCB Rating: 100 A
CKT Circuit Description Trip | Poles A B C Poles | Trip Circuit Description CKT
1 [Lighting PRE-FUNCTION 196 | 20 A 1 1 20 A |Lighting SOPHOMORE DESIGN LAB 170 2
3 |Lighting 20A | 1 1 | 20A |Lighting PROJECT LAB STORAGE 177 4
5 |Lighting 20A] 1 1 | 20A |Lighting CORRIDOR-1 197-1 6
7 |Lighting 20A | 1 1 | 20A |tighting 8
9 . 1 [ 20a 10
Lighting 20 A 2 — - =
11 1 20 A _[Lighting Lobby Linear Downlights 12
13 [spare 20A [ 1 1 [ 20A [spare 14
15 [Spare 20A ] 1 1 | 204 [spare 16
17 [spare 20A | 1 1 | 204 [spare 18
19 |Space -- 1 1 20 A |Spare 20
21 |Space -- 1 1 --__[Space 22
23 [Space -- 1 1 -- _|Space 24
25 [Space -- 1 1 -- _|Space 26
27 [Space -- 1 1 -- _|Space 28
29 |Space - 1 1 -- |Space 30
Total Load: 4266 VA 5230 VA 2932 VA
Total Amps: 15 A 19A 11A
Load Classification Connected Load Demand Factor Estimated Demand Panel Totals
Lighting 12428 VA 80.00% 9942 VA
Total Conn. Load:|12428 VA
Total Est. Demand:[9942 VA
Total Conn.:[15 A
Total Est. Demand:[12 A
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Panelboard: H13LS Updated
Location: ELEC 173 Volts: 480Y/277 A.LC. Rating: 14,000
Supply From: DP-LS Phases: 3 Mains Type: MCB
Mounting: Surface Wires: 4 Bus Rating: 100 A
Enclosure: Type 1 MCB Rating: 60 A
CKT Circuit Description Trip | Poles A B C Poles | Trip Circuit Description CKT
1 Lighting ELEVATOR CONTROL ROOM 150 | 20 A 1 2210 | 295 VA 1 20 A [Lighting CORRIDOR 193 2
3 |Lighting PRE-FUNCTION 196 20A | 1 1 | 20A |lighting ELEC 173 4
5 |Lighting 20Aa] 1 1 | 20A |Lighting CORRIDOR-1 197-1 6
7 |Lighting Room 731 20A | 1 1 | 20A |lighting ELEV. 153A 8
9 |spare 20A] 1 1 | 20A |Lighting ELEV. 100A 10
11 [spare 20A [ 1 0 VA 1 | 20A [spare 12
13 [spare 20a] 1 1 | 20A [spare 14
15 [spare 20A | 1 1 | 20A [spare 16
17 [spare 20Aa] 1 1 | 20A [spare 18
19 [Space -- -- -- -- _|Spare 20
21 |Space -- -- 0 VA -- - [Space 22
23 |Space -- -- -- -~ [Space 24
25 |Space -- -- 0 VA -- - [Space 26
27 _|Space -- -- -- -- _[Space 28
29 [Space -- - -- --  |Space 30
Total Load: 2761 VA 1565 VA 1174 VA
Total Amps: 10 A 6 A 4 A
Load Classification Connected Load Demand Factor Estimated Demand Panel Totals
Lighting 5500 VA 80.00% 4400 VA
Total Conn. Load:|5500 VA
Total Est. Demand:|4400 VA
Total Conn.:|7 A
Total Est. Demand:|5 A
Panelboard: H21 Updated
Location: ELEC 265C Volts: 480Y/277 A.LC. Rating: 14,000
Supply From: LDP-H11 Phases: 3 Mains Type: MCB
Mounting: Surface Wires: 4 Bus Rating: 100 A
Enclosure: Type 1 MCB Rating: 100 A
CKT Circuit Description Trip | Poles A B C Poles | Trip Circuit Description CKT
1 |Lighting 20 A 1 1 20 A |Lighting Room 247 2
3 |Lighting Room 203, 2938, 293C, 179F, 2938] 20A | 1 1| 20A [Lighting WAITING 255 4
5 |Lighting 20A| 1 1 | 20A |Lighting 100 SEAT CLASSROOM _704| 6
7 |spare 20A [ 1 1 | 20A |spare 8
9 |Spare 20A 1 OVA | OVA 1 20 A [Spare 10
11 |spare 20A | 1 1 | 204 [spare 12
13 [spare 20A ] 1 1 | 204 [spare 14
15 [Spare 20 A 1 OVA | OVA 1 20 A |Spare 16
17 [spare 20A [ 1 1 | 20A |spare 18
19 [Space - - 1 | 20A [spare 20
21 [Space -- - OVA | OVA - -- |Space 22
23 [Space -- -- -- -~ |Space 24
25 |Space -- -- -- -- _ |Space 26
27 [Space -- - OVA | OVA - -- |Space 28
29 [Space -- - -- -- |Space 30
Total Load: 1679 VA 4611 VA 3032 VA
Total Amps: 6 A 17 A 11A
Load Classification Connected Load Demand Factor Estimated Demand Panel Totals
Lighting 9322 VA 80.00% 7458 VA
Total Conn. Load:|9322 VA
Total Est. Demand:|7458 VA
Total Conn.:|11 A
Total Est. Demand:|9 A
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Panelboard: H23 Updated
Location: ELEC 273 Volts: 480Y/277 A.LC. Rating: 14,000
Supply From: LDP-H11 Phases: 3 Mains Type: MCB
Mounting: Surface Wires: 4 Bus Rating: 100 A
Enclosure: Type 1 MCB Rating: 100 A
CKT Circuit Description Trip | Poles A B C Poles | Trip Circuit Description CKT
1 |Lighting 20 A 1 1 20 A |Lighting Room 179F, 297, 202, 212 | 2
3 |Lighting 20A | 1 1 | 20A [Lighting MENS 265E 4
5 |Lighting STAR _261X 20A| 1 1 | 20A |Lighting Project Labs 6
7 |Lighting 20A | 1 1 | 20A [Lighting 8
9 [spare 20A | 1 1 | 20A [spare 10
11 |Lighting Project Labs 20 A 1 1 20 A |[Spare 12
13 |spare 20Aa | 1 1 | 20A [spare 14
15 [Spare 20 A 1 OVA [ OVA 1 20 A [Spare 16
17 [spare 20A | 1 1 | 20A [spare 18
19 |Space - -- 1 20 A |Spare 20
21 |Space -- -- OVA [ OVA -- -- |Space 22
23 [Space - -- - -~ |Space 24
25 |Space -- -- 0 VA -- -- |Space 26
27 [Space - -- -- -- _|Space 28
29 |Space -- -- -- -- |Space 30
Total Load: 7533 VA 4535 VA 4116 VA
Total Amps: 27 A 16 A 15A
Load Classification Connected Load Demand Factor Estimated Demand Panel Totals
Lighting 16184 VA 80.00% 12947 VA

Total Conn. Load:|16184 VA

Total Est. Demand:|12947 VA

Total Conn.:|19 A

Total Est. Demand:|16 A
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Panelboard: H23LS Updated
Location: ELEC 273 Volts: 480Y/277 A.LC. Rating: 14,000
Supply From: DP-LS Phases: 3 Mains Type: MCB
Mounting: Surface Wires: 4 Bus Rating: 100 A
Enclosure: Type 1 MCB Rating: 60 A
CKT Circuit Description Trip | Poles A B C Poles | Trip Circuit Description CKT
1 |Lighting 20 A 1 |320 VA|702 VA 20 A |Lighting CORRIDOR 193 2
3 |Lighting WAITING 255 20A | 1 20 A |Lighting ELEC 173 4
5 |Lighting Room 267, 212, 261X, 179F, 102-2, 297 [ 20A | 1 20 A [Lighting CORRIDOR-1197-1 | 6
7 |spare 20A| 1 |ova 20 A |Lighting ELEV. 153A 8
9 |spare 20A | 1 20 A |Lighting ELEV. 100A 10
11 |spare 20A [ 1 20 A [Spare 12
13 |spare 20A [ 1 20A [Spare 14
15 [spare 20a] 1 —  |space 16
17 |Space -- -- --  |Space 18
19 [Space -- -- -- _|Space 20
21 |Space - -- -~ [Space 22
23  |[Space - - --  |Space 24
25 |Space - -- -~ [Space 26
27 |Space - -- -~ [Space 28
29 |Space -- -- --  |Space 30
Total Load: 1022 VA 719 VA 3250 VA
Total Amps: 4 A 3A 12 A
Load Classification Connected Load Demand Factor Estimated Demand Panel Totals
Lighting 4991 VA 80.00% 3993 VA
Total Conn. Load:[4991 VA
Total Est. Demand:[3993 VA
Total Conn.:|6 A
Total Est. Demand:|5 A
Panelboard: H31 Updated
Location: ELEC 365C Volts: 480Y/277 A.LC. Rating: 14,000
Supply From: LDP-H11 Phases: 3 Mains Type: MCB
Mounting: Surface Wires: 4 Bus Rating: 100 A
Enclosure: Type 1 MCB Rating: 100 A
CKT Circuit Description Trip | Poles A B C Poles | Trip Circuit Description CKT
1 Lighting SEMINAR 347 20 A 1 1 20 A |Lighting GRAD OFFICE 354 2
3 [Lighting LAB MANAGER/ ELECTRONICS SHOP | 20A | 1 1 [ 20A [Lighting 4
5 |Lighting ROOFTOP LAB 390 20A [ 1 1 | 20A |Lighting CORRIDOR 391 6
7 |Lighting CORRIDOR 390 20A | 1 1 | 20A [Lighting Room 271 8
9 [Spare 20 A 1 1 20 A |Spare 10
11 |Spare 20 A 1 OVA | OVA 1 20 A [Spare 12
13 [spare 20A] 1 1 | 20A [spare 14
15 |spare 20A [ 1 0 VA 1 | 20A [spare 16
17 |Spare 20 A 1 OVA [ O0VA 1 20 A |Spare 18
19 |Space -- -- 1 20 A |Spare 20
21 [Space -- -- OVA | OVA -- -- |Space 22
23 |Space -- -- -- -- _ |Space 24
25 |[Space - - OVA | OVA -- -- |Space 26
27 [Space - - 0 VA - -~ |Space 28
29 |Space -- -- -- --  |Space 30
Total Load: 8518 VA 3866 VA 973 VA
Total Amps: 31A 14 A 4 A
Load Classification Connected Load Demand Factor Estimated Demand Panel Totals
Lighting 13357 VA 80.00% 10686 VA
Total Conn. Load:|13357 VA
Total Est. Demand:|10686 VA
Total Conn.:(16 A
Total Est. Demand:|13 A
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Panelboard: H51 Updated
Location: ELEC 565C Volts: 480Y/277 A.L.C. Rating: 14,000
Supply From: LDP-H11 Phases: 3 Mains Type: MCB
Mounting: Surface Wires: 4 Bus Rating: 100 A
Enclosure: Type 1 MCB Rating: 100 A
CKT Circuit Description Trip | Poles A B C Poles | Trip Circuit Description CKT
1 Lighting GROUP PROJECT/ STUDY 547 20 A 1 1 20 A |Lighting COMPUTING LAB 550 2
3 |Lighting INFORMAL LEARNING 563 | 20A | 1 1 | 20A [Lighting GROUP PROJECT/ STUDY 575 4
5 |Lighting CORRIDOR590 20A | 1 1 | 20A [Lighting CORRIDOR-2 593-2 6
7 |Lighting Room 655,653 20a ] 1 1 | 20A [spare 3
9 |[Spare 20A | 1 1 | 20A [Spare 10
11 [spare 20A | 1 1 | 20A [spare 12
13 [spare 20A ] 1 1 | 20A [spare 14
15 [spare 20A ] 1 1 | 20A [spare 16
17 |spare 0a| 1 1 | 20A [spare 18
19 |Space - - -- -~ |Spare 20
21 |Space -- - 0 VA - -~ |Space 22
23 |Space -- - - -~ |Space 24
25 |Space -- - 0 VA - -~ |Space 26
27 |Space -- - -- -~ |Space 28
29 [Space -- -- -- --  [Space 30
Total Load: 9787 VA 5223 VA 2449 VA
Total Amps: 35A 19 A 9A
Load Classification Connected Load Demand Factor Estimated Demand Panel Totals
Lighting 17459 VA 80.00% 13967 VA
Total Conn. Load:|17459 VA
Total Est. Demand:|13967 VA
Total Conn.:|21 A
Total Est. D d:|17 A
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Panelboard: L11A Updated
Location: ELEC 154 Volts: 208Y/120 A.LC. Rating: 10,000
Supply From: Phases: 3 Mains Type: MCB
Mounting: Surface Wires: 4 Bus Rating: 225 A
Enclosure: Type 1 MCB Rating: 100 A
CKT Circuit Description Trip | Poles A B C Poles | Trip Circuit Description CKT
1 |Power FIRE PUMP/DOMESTIC WATER 152 20A ] 1 1| 20A [Power ELEC 154 2
3 [Power SUBSTATION 732 20A] 1 1 [ 20A [Power 4
5 [EF-11 20A | 1 1 | 20A [Power SUBSTATION 160 6
7 [Receptacle Space 728 20A] 1 1 | 20A [Receptacle HAZARD. WASTE 1568 3
9 [Receptacle OFFICE 156H 20A] 1 1 | 20A [Receptacle VENDING 164 10
11 |Receptacle FAMILY TOILET 166 20A] 1 1 | 20A |Receptacle GROUP PROJECT/STUDY 168C 12
13 [Receptacle CORRIDOR 195 20a] 1 1 | 20A [Receptacle 14
15 [Receptacle JC 155 20A] 1 1 | 20A [Receptacle SUBSTATION 160 16
17 [Receptacle STORAGE CAGES 163 20A] 1 1 [ 20A [Receptacle SUBSTATION 160 18
19 [spare 20A] 1 1 [ 20A Jicp 20
21 |Power FAMILY TOILET 166 20A | 1 1 | 20A [Power M TOLET 171 22
23 [Power W TOILET 169 20A] 1 1 | 20A [Receptacle VENDING 164 24
25 [Receptacle VENDING 164 20A] 1 1 | 20A [Receptacle VENDING 164 26
27 [Receptacle VENDING 164 20A] 1 1 [ 20A [Receptacle VENDING 164 28
29 [EF-10 20A [ 1 1 | 20A |Power CORRIDOR 195 30
31 [Power SHIPPING/ RECEIVING LOADING 156 20A] 1 1 | 20A [spare 32
33 1 | 20A [Lighting 200 SEAT CLASSROOM 116 34
35 |[spare 20A] 1 1 [ 20A [spare 36
37 |spare 20A [ 1 1 [ 20A [spare 38
39 [spare 20A] 1 1 [ 20A [spare 40
41 |Spare 20 A 1 1 20 A [Spare 42
Total Load:| 6673 VA 9108 VA 7534 VA
Total Amps: 56 A 76 A 63 A
Load Classification Connected Load Demand Factor Estimated Demand Panel Totals
Lighting 1113 VA 80.00% 890 VA
Power 6446 VA 30.00% 1934 VA Total Conn. Load:|23315 VA
Receptacle 14100 VA 85.46% 12050 VA Total Est. Demand:|15867.66 VA
Mechanical Equipment 1656 VA 60.00% 994 VA Total Conn.:|65 A
Total Est. Demand:|44 A
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Panelboard: H11(Unchanged)
Location: ELEC 154 Volts: 480Y/277 A.LC. Rating: 14000
Supply From: LDP-H11 Phases: 3 Mains Type: MCB
Mounting: Surface Wires: 4 Bus Rating: 100 A
Enclosure: Type 1 MCB Rating: 100 A
CKT Circuit Description Trip | Poles A B C Poles | Trip Circuit Description CKT
1 |Lighting 200 Seat Classroom 116 20A 1 20 A |Lighting Fire Pump/Domestic Water 152 2
3 |Lighting Corridor 193 20a | 1 20 A [Lighting 4
5 |Lighting 20a ] 1 20 A |Lighting Room 731 6
7 |Lighting 20a ] 1 20 A [spare 3
9 |Spare 20A 1 20 A |Spare 10
11 [spare 20A | 1 0 VA 20 A |Spare 12
13 [spare 20a] 1 20 A [spare 14
15 [spare 20a] 1 20 A [spare 16
17 [spare 20a] 1 20 A [spare 18
19 [Spare -- -- -~ |Spare 20
21 |Spare -- -- -~ |Spare 22
23 |Spare -- -- - |Spare 24
25 |Spare -- -- -- _[Spare 26
27 |Spare -- -- 0 VA -- _[Spare 28
29 [Spare -- -- -- |Spare 30
Total Load:| 5443 VA 792 VA 780 VA
Total Amps: 20 A 3A 3A
Load Classification Connected Load Demand Factor Esti d D d Panel Totals
Lighting 7015 VA 80% 5612 VA
Total Conn. Load:|7015 VA
Total Est. Demand: (5612 VA
Total Conn.:[8 A
Total Est. Demand:|7 A
Panelboard: H13 (Unchanged)
Location: ELEC 173 Volts: 480Y/277 A.LC. Rating: 14,000
Supply From: LDP-H11 Phases: 3 Mains Type: MCB
Mounting: Surface Wires: 4 Bus Rating: 100 A
Enclosure: Type 1 MCB Rating: 100 A
CKT Circuit Description Trip | Poles A B C Poles | Trip Circuit Description CKT
1 [Lighting PRE-FUNCTION 196 | 20 A 1 1 20 A |Lighting SOPHOMORE DESIGN LAB 170 2
3 [Lighting 20A | 1 1 | 204 [Lighting PROJECT LAB STORAGE 177 4
5 |Lighting 20A | 1 1 | 20A |Lighting CORRIDOR-1 197-1 6
7 |Lighting 20A | 1 1 | 204 [Lighting 8
9 |. 1 [ 20a 10
Lighting 20 A 2
11 1 [ 20A |spare 12
13 [spare 20A | 1 1 | 204 [spare 14
15 [spare 20A | 1 0 VA 1 | 204 [spare 16
17 |spare 20A [ 1 1 [ 20A [spare 18
19 [space - 1 1 | 204 [spare 20
21 [Space -- 1 1 -- _|Space 22
23 |Space -- 1 OVA [ OVA 1 -- |Space 24
25 [Space -- 1 1 -- _|Space 26
27 [Space -- 1 1 -- _|Space 28
29 |Space -- 1 1 --  [Space 30
Total Load: 4945 VA 5184 VA 2489 VA
Total Amps: 18 A 19 A 9A
Load Classification Connected Load Demand Factor Estimated Demand Panel Totals
Lighting 12618 VA 80.00% 10094 VA
Total Conn. Load:|12618 VA
Total Est. Demand:|10094 VA
Total Conn.:[15 A
Total Est. Demand:[12 A
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Panelboard: H13LS (Unchanged)
Location: ELEC 173 Volts: 480Y/277 A.LC. Rating: 14,000
Supply From: DP-LS Phases: 3 Mains Type: MCB
Mounting: Surface Wires: 4 Bus Rating: 100 A
Enclosure: Type 1 MCB Rating: 60 A
CKT Circuit Description Trip | Poles A B C Poles | Trip Circuit Description CKT
1 Lighting ELEVATOR CONTROL ROOM 150 | 20 A 1 2210 | 295 VA 1 20 A [Lighting CORRIDOR 193 2
3 |Lighting PRE-FUNCTION 196 20a] 1 1 | 20A [Lighting ELEC 173 4
5 [Lighting 0a] 1 1 | 20A |Lighting CORRIDOR-1 197-1 6
7 |Lighting Room 731 20A | 1 1 | 20A |lighting ELEV. 153A 8
9 |spare 20A] 1 1 | 20A |Lighting ELEV. 100A 10
11 [spare 20A [ 1 0 VA 1 | 20A [spare 12
13 [spare 20a] 1 1 | 20A [spare 14
15 [spare 20A | 1 1 | 20A [spare 16
17 [spare 20Aa] 1 1 | 20A [spare 18
19 [Space -- -- -- -- _|Spare 20
21 |Space -- -- 0 VA -- - [Space 22
23 |Space -- -- -- -~ [Space 24
25 |Space -- -- 0 VA -- - [Space 26
27 _|Space -- -- -- -- _[Space 28
29 [Space -- - -- --  |Space 30
Total Load: 2761 VA 1815 VA 1174 VA
Total Amps: 10 A 7A 4 A
Load Classification Connected Load Demand Factor Estimated Demand Panel Totals
Lighting 5750 VA 80.00% 4600 VA
Total Conn. Load:|5750 VA
Total Est. Demand:|4600 VA
Total Conn.:|7 A
Total Est. Demand:|6 A
Panelboard: H21 (Unchanged)
Location: ELEC 265C Volts: 480Y/277 A.LC. Rating: 14,000
Supply From: LDP-H11 Phases: 3 Mains Type: MCB
Mounting: Surface Wires: 4 Bus Rating: 100 A
Enclosure: Type 1 MCB Rating: 100 A
CKT Circuit Description Trip | Poles A B C Poles | Trip Circuit Description CKT
1 |Lighting 20 A 1 1 20 A |Lighting Room 247 2
3 |Lighting Room 203, 2938, 293C, 179F, 2938] 20A | 1 1| 20A [Lighting WAITING 255 4
5 |Lighting 20A| 1 1 | 20A |Lighting 100 SEAT CLASSROOM _704| 6
7 |spare 20A [ 1 1 | 20A |spare 8
9 |Spare 20A 1 OVA | OVA 1 20 A [Spare 10
11 |spare 20A | 1 1 | 204 [spare 12
13 [spare 20A ] 1 1 | 204 [spare 14
15 [Spare 20 A 1 OVA | OVA 1 20 A |Spare 16
17 [spare 20A [ 1 1 | 20A |spare 18
19 [Space - - 1 | 20A [spare 20
21 [Space -- - OVA | OVA - -- |Space 22
23 [Space -- -- -- -~ |Space 24
25 |Space -- -- -- -- _ |Space 26
27 [Space -- - OVA | OVA - -- |Space 28
29 [Space -- - -- -- |Space 30
Total Load: 1657 VA 4611 VA 2720 VA
Total Amps: 6 A 17 A 10 A
Load Classification Connected Load Demand Factor Estimated Demand Panel Totals
Lighting 8988 VA 80.00% 7190 VA
Total Conn. Load:|8988 VA
Total Est. Demand:|7190 VA
Total Conn.:|11 A
Total Est. Demand:|9 A
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Panelboard: H23 (Unchanged)
Location: ELEC 273 Volts: 480Y/277 A.LC. Rating: 14,000
Supply From: LDP-H11 Phases: 3 Mains Type: MCB
Mounting: Surface Wires: 4 Bus Rating: 100 A
Enclosure: Type 1 MCB Rating: 100 A
CKT Circuit Description Trip | Poles A B C Poles | Trip Circuit Description CKT
1 Lighting 20 A 1 1 20 A |Lighting Room 179F, 297, 202, 212 2
3 |Lighting 20A | 1 1 | 20A [Lighting MENS 265E 4
5 |Lighting STAR 261X 20a | 1 237 | | 1 [ 20a 6
7 |Lighting 20A | 1 1 | 20A [Lighting 8
9 [spare 20A | 1 1 | 204 [spare 10
11 [spare 20A | 1 1 | 20A [spare 12
13 [Spare 20 A 1 0 VA 1 20 A [Spare 14
15 [Spare 20A | 1 1 | 20A [spare 16
17 [Spare 20 A 1 OVA | OVA 1 20 A [Spare 18
19 [Space - - 1 | 20A [spare 20
21  [Space - -- - -~ |Space 22
23 |Space -- -- OVA | OVA -- -- |Space 24
25 [Space -- -- -- -- _|Space 26
27 [Space - -- - -~ |Space 28
29 |Space -- -- -- -- |Space 30
Total Load: 8202 VA 4535 VA 1237 VA
Total Amps: 30 A 16 A 4 A
Load Classification Connected Load Demand Factor Estimated Demand Panel Totals
Lighting 13974 VA 80.00% 11179 VA

Total Conn. Load:|13974 VA

Total Est. Demand:|11179 VA

Total Conn.:|17 A

Total Est. Demand: |13 A
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Panelboard: H23LS (Unchanged)
Location: ELEC 273 Volts: 480Y/277 A.LC. Rating: 14,000
Supply From: DP-LS Phases: 3 Mains Type: MCB
Mounting: Surface Wires: 4 Bus Rating: 100 A
Enclosure: Type 1 MCB Rating: 60 A
CKT Circuit Description Trip | Poles A B C Poles | Trip Circuit Description CKT
1 |Lighting 20A [ 1 20 A_|Lighting CORRIDOR 193 2
3 |Lighting WAITING 255 20A | 1 20 A |Lighting ELEC 173 4
5 |Lighting Room 267, 212, 261X, 179F, 102-2, 297 [ 20A | 1 20 A [Lighting CORRIDOR-1197-1 | 6
7 |spare 20A| 1 |ova 20 A |Lighting ELEV. 153A 8
9 |spare 20A | 1 20 A |Lighting ELEV. 100A 10
11 |spare 20A [ 1 20 A [Spare 12
13 |spare 20A [ 1 20A [Spare 14
15 [spare 20a] 1 —  |space 16
17 |Space -- -- --  |Space 18
19 [Space -- -- -- _|Space 20
21 |Space - -- -~ [Space 22
23  |[Space - - --  |Space 24
25 |Space - -- -~ [Space 26
27 |Space - -- -~ [Space 28
29 |Space -- -- --  |Space 30
Total Load: 794 VA 719 VA 3455 VA
Total Amps: 3A 3A 12 A
Load Classification Connected Load Demand Factor Estimated Demand Panel Totals
Lighting 4968 VA 80.00% 3974 VA
Total Conn. Load:|4968 VA
Total Est. Demand: (3974 VA
Total Conn.:|6 A
Total Est. Demand: (5 A
Panelboard: H31 (Unchanged)
Location: ELEC 365C Volts: 480Y/277 A.LC. Rating: 14,000
Supply From: LDP-H11 Phases: 3 Mains Type: MCB
Mounting: Surface Wires: 4 Bus Rating: 100 A
Enclosure: Type 1 MCB Rating: 100 A
CKT Circuit Description Trip | Poles A B C Poles | Trip Circuit Description CKT
1 Lighting SEMINAR 347 20 A 1 1 20 A |Lighting GRAD OFFICE 354 2
3 [Lighting LAB MANAGER/ ELECTRONICS SHOP | 20A | 1 1 [ 20A [Lighting 4
5 |Lighting ROOFTOP LAB 390 20A [ 1 1 | 20A |Lighting CORRIDOR 391 6
7 |Lighting CORRIDOR 390 20A | 1 1 | 20A [Lighting Room 271 8
9 [Spare 20 A 1 1 20 A |Spare 10
11 |Spare 20 A 1 OVA | OVA 1 20 A [Spare 12
13 [spare 20A] 1 1 | 20A [spare 14
15 |spare 20A [ 1 0 VA 1 | 20A [spare 16
17 |Spare 20 A 1 OVA [ O0VA 1 20 A |Spare 18
19 |Space -- -- 1 20 A |Spare 20
21 [Space -- -- OVA | OVA -- -- |Space 22
23 |Space -- -- -- -- _ |Space 24
25 |[Space - - OVA | OVA -- -- |Space 26
27 [Space - - 0 VA - -~ |Space 28
29 |Space -- -- -- --  |Space 30
Total Load: 8930 VA 3866 VA 973 VA
Total Amps: 32A 14 A 4 A
Load Classification Connected Load Demand Factor Estimated Demand Panel Totals
Lighting 13769 VA 80.00% 11015 VA
Total Conn. Load:|13769 VA
Total Est. Demand:|11015 VA
Total Conn.:(17 A
Total Est. Demand:|13 A
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Panelboard: H51 (Unchanged)
Location: ELEC 565C Volts: 480Y/277 A.L.C. Rating: 14,000
Supply From: LDP-H11 Phases: 3 Mains Type: MCB
Mounting: Surface Wires: 4 Bus Rating: 100 A
Enclosure: Type 1 MCB Rating: 100 A
CKT Circuit Description Trip | Poles A B C Poles | Trip Circuit Description CKT
1 Lighting GROUP PROJECT/ STUDY 547 20 A 1 1 20 A |Lighting COMPUTING LAB 550 2
3 |Lighting INFORMAL LEARNING 563 | 20A | 1 1 | 20A [Lighting GROUP PROJECT/ STUDY 575 4
5 |Lighting CORRIDOR590 20A | 1 1 | 20A [Lighting CORRIDOR-2 593-2 6
7 |Lighting Room 655,653 20a ] 1 1 | 20A [spare 3
9 |[Spare 20A | 1 1 | 20A [Spare 10
11 [spare 20A | 1 1 | 20A [spare 12
13 [spare 20A ] 1 1 | 20A [spare 14
15 [spare 20A ] 1 1 | 20A [spare 16
17 |spare 0a| 1 1 | 20A [spare 18
19 |Space - - -- -~ |Spare 20
21 |Space -- - 0 VA - -~ |Space 22
23 |Space -- - - -~ |Space 24
25 |Space -- - 0 VA - -~ |Space 26
27 |Space -- - -- -~ |Space 28
29 [Space -- -- -- --  [Space 30
Total Load: 9881 VA 5223 VA 2449 VA
Total Amps: 36 A 19 A 9A
Load Classification Connected Load Demand Factor Estimated Demand Panel Totals
Lighting 17553 VA 80.00% 14042 VA
Total Conn. Load:|17553 VA
Total Est. Demand:|14042 VA
Total Conn.:|21 A
Total Est. D d:|17 A
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Panelboard: L11A (Unchanged)
Location: ELEC 154 Volts: 208Y/120 A.LC. Rating: 10,000
Supply From: Phases: 3 Mains Type: MCB
Mounting: Surface Wires: 4 Bus Rating: 225 A
Enclosure: Type 1 MCB Rating: 100 A
CKT Circuit Description Trip | Poles A B C Poles | Trip Circuit Description CKT
1 |Power FIRE PUMP/DOMESTIC WATER 152 20A ] 1 1| 20A [Power ELEC 154 2
3 [Power SUBSTATION 732 20A] 1 1 [ 20A [Power 4
5 [EF-11 20A | 1 1 | 20A [Power SUBSTATION 160 6
7 [Receptacle Space 728 20A] 1 1 | 20A [Receptacle HAZARD. WASTE 1568 3
9 [Receptacle OFFICE 156H 20A] 1 1 | 20A [Receptacle VENDING 164 10
11 |Receptacle FAMILY TOILET 166 20A] 1 1 | 20A |Receptacle GROUP PROJECT/STUDY 168C 12
13 [Receptacle CORRIDOR 195 20a] 1 1 | 20A [Receptacle 14
15 [Receptacle JC 155 20A] 1 1 | 20A [Receptacle SUBSTATION 160 16
17 [Receptacle STORAGE CAGES 163 20A] 1 1 [ 20A [Receptacle SUBSTATION 160 18
19 [spare 20A] 1 1 [ 20A Jicp 20
21 |Power FAMILY TOILET 166 20A | 1 1 | 20A [Power M TOLET 171 22
23 [Power W TOILET 169 20A] 1 1 | 20A [Receptacle VENDING 164 24
25 [Receptacle VENDING 164 20A] 1 1 | 20A [Receptacle VENDING 164 26
27 [Receptacle VENDING 164 20A] 1 1 [ 20A [Receptacle VENDING 164 28
29 [EF-10 20A [ 1 1 | 20A |Power CORRIDOR 195 30
31 [Power SHIPPING/ RECEIVING LOADING 156 20A] 1 1 | 20A [spare 32
33 1 | 20A [Lighting 200 SEAT CLASSROOM 116 34
35 |[spare 20A] 1 1 [ 20A [spare 36
37 |spare 20A [ 1 1 [ 20A [spare 38
39 [spare 20A] 1 1 [ 20A [spare 40
41 |Spare 20 A 1 1 20 A [Spare 42
Total Load:| 6673 VA 8496 VA 7534 VA
Total Amps: 56 A 71A 63 A
Load Classification Connected Load Demand Factor Estimated Demand Panel Totals
Lighting 501 VA 80.00% 401 VA
Power 6446 VA 30.00% 1934 VA Total Conn. Load:|22703 VA
Receptacle 14100 VA 85.46% 12050 VA Total Est. Demand:|15378.06 VA
Mechanical Equipment 1656 VA 60.00% 994 VA Total Conn.:|63 A
Total Est. Demand:|43 A
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A short circuit analysis was performed in accordance with the National Electrical Code and with
guidance from the Cooper Bussmann Short Circuit Current Calculations
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ELEC RM 154

—‘ T11 H —|
FIRE I
PUMP
DP-H11A|  [DP-H11B SUBSTATION DISC SW L11A | L11B
| v
]
FAULT X1
Available Utility Infinite Assumption
1500 KVA Transformer, 13.2kV - 480Y/277V, 3®, 3.5%Z
kVAX1000 _ 1500 X1000
Step 1. 30 Transformer Ip; 4 = B w1732 — 4soxiziz 1804.27
.y 100
Step 2. Multiplier = Py 28.57
Step 3. Is . = 1804.27 x 28.57 = 51,5514
Step 4. f factor = 1732 XL X I3p _ 1732 X0 180427 _
CxnxEpy 28752 X2 X480
1
Step 5. M = m =1
Step 6. Is.c.symRMS - IS.C. XM = 51,551 A

Step 6A.

No motor short circuit contribution.
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FAULT X2

This fault is just before the distribution panel, DP-H11A, located in the substation room 160
with the primary transformers. This fault is approximately 18.25 feet from the first fault.

1732 XL X I3 __ 1.732 x18.25 x51551
Step 4. f factor = 0 = = 0.0590
CxnxEpy 28752 x2 X480

Step5. M=—=——=0.944
1+f 1+0.059034

Step 6. Iycsymrms = lsc. X M = 51551 x 0.944 = 48,677 A

Step 6A. No motor short circuit contribution.

FAULT X3

Fault 3 is directly before the low voltage transformer T11 in the electrical room 154. Faults 2
and 3 are approximately 53.75 feet apart.

1.732 XL X Isp __ 1.732 X53.75 X48677
CxnxEy 3830 X1 X480

Step 4. f factor = = 2.465

Step5. M =—=0.289
1+f

Step6.  Iscsymrms = lsc. X M = 48677 x 0.289 = 14,048 A

Step 6A. No motor short circuit contribution.

FAULT X4

This fault lies directly after the transformer T11 and uses slightly adjusted equations.

Is.corimaryXVpri X1.732 X(%Z) _ 14,048 x480 x1.732 X1.0
Step A. f factor = ==Y _PTRATY = = 2.595
100,000 X KVA¢ransformer 100,000 x45
1 1
Step B. M = = =0.278

1+f  1+2.595

Vori T
Step C. Is.c.secondary = (M) X Is.c.primary XM =9,017 A

Vsecondary

Step 6A. No motor short circuit contribution.
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FAULT X5

The final fault is directly before the branch circuit panel L11A, which is also located in electrical
room 154 about 3.25 feet from the transformer T11.

1.732 XL X I3g _ 1.732 X3.25 X9017

Step 4. f factor = CxnxEn —  elrxixz0s 0.395

1 1

Step 5. M = = =0.717
1+f  1+0.395

Step 6. Iycsymrus = lsc. X M = 9017 x 0.717 = 6,461 A

Step 6A. No motor short circuit contribution.

Below is a table summarizing the above calculations and also showing the conductors that were
chosen when going through the calculations which were used to fine the ‘C’ values. In order to
determine whether or not the calculations were done correctly, Cooper Bussmann'’s online short
circuit calculation software, FC?, was used. The results from the website with normal impedance came
out the same as these results and can be found in Appendix V. When the max impedance of -10%
was used, the values were still fine in terms of the equipment AIC ratings which shows that the
equipment was conservatively oversized.

Short Circuit Calculation (Cooper Bussmann Method, see References)
Conductors +
Fault oo nel/XFMR vy MR M Isc. L (ft) Busways Conductor ...\ jue £ M Lesymms  AIC Rating
Point (%Z) 5 Material
n Size
1 1500 kVA TR-B2 480 3.50 1804.27 28.57 51551 0 2 600 kemil Copper 28752 0 1 51551 A 100000
2 DP-H1l1A 480 - - - 51551 18.25 2 600 kemil Copper 28752 0.059034 0.944256 48677 A 65000
3 T11 Before 480 - - - 48677 53.75 1 #4 AWG Copper 3830 2464963 0.288603 14048 A 65000
4  T11 After 208 1.00 0.000125 100.00 14048 - 1 #12 AWG Copper 617 2.595387 0.278134 9017 A 65000
5 L11A 208 - - - 9017 3.25 1 #12 AWG Copper 617 0.395495 0.716592 6461 A 10000
Conclusions

Though the analyses of the electrical systems were merely surface level and reactionary, they showed
that the lighting changes were minimal. The electrical system would not need to have any resizing
and the branch circuits are all still conservatively designed. If there were more time, a downsizing of
the branch panels and distribution panels could have been done, but not advised due to future
changes in building use and additions that could be in store as the University grows and the School of
Engineering and Computer Science engrains itself into the new building.
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Overview

The daylighting in the project labs space has been improved to provide the space with an improved
appearance during the daytime and a more energy efficient space by photosensor dimming of the
electric lighting. Firstly, an analysis of the existing conditions showed that the space was not receiving
very much sunlight as the only glazing was on the northern side of the space. As a fairly large space,
and one that requires higher illuminances, it seemed a logical space to try to improve the daylighting
and harness natural light to provide task plane illuminance. Since the space is only open to the north
for side lighting and there is a roof deck directly above the space, top lighting is the most logical
means to improvement. For this daylighting analysis, many different skylight systems were
researched to try to find the best way to integrate into the existing architecture, structural grid, and
mechanical equipment layout in the space. In order to accomplish the best integration and to
maximally enhance the design of the building, Kalwall Skyroof systems were chosen as the basis for
this study.

Introduction to Kalwall

The technology behind the Kalwall panel system is a great architectural material due to its structural
strength, diffuse visual light transmittance capabilities, and incredible insulation properties far
exceeding most glazing systems. The Kalwall panel is a structural composite sandwich panel formed
of translucent fiberglass sheets bonded to a grid core of interlocking I-beams that are thermally
broken. Kalwall products are custom made to fit the design needs and have a multitude of design
choices. The custom Skyroof skylights are also lightweight at less than 3 Ibs./ft?> and structurally
sound. For these reasons, the Skyroof product line was chosen for this study.

Integration

The layout for the skylights and the specific product were chosen in order to minimally affect the
architecture, structure, and mechanical systems and maximize the daylighting capabilities. The
structural members are approximately 8 feet on center going east to west across the project labs
space and there are four large fans hanging in the center of the room 30 feet apart from each other
with a blade diameter of 10 feet. For this reason, it was decided that the most integrative way to
implement the skylights was to use three of the self-supporting ridge Skyroof product with plan
dimensions of 8 feet by 20 feet as shown in the image below. Kalwall representatives confirmed that
these dimensions can be used for this product. The self-supporting ridge product is also visually
appealing for the pedestrian-accessible rooftop and structurally sound adding to the benefits of using
this system.
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53-4-650

(TYP.2) ‘\;

1300,

16'x15" I

VCB-178

V650

EXB-273
100100

EXB-273

Self-Supporting Ridge Roof with Hip Ends

Plan Dimensions — 8" x 20’

Angle of Inclination - 27°

Panel Type — 2-3/4" panels, Crystal outside / White inside, with VLT of 20%

KALWALL

high performance translucent building systems

LIGHT TRANSMISSION & SOLAR HEAT GAIN COEFFICIENT

FOR 2 %" (70mm) PANELS

(For 4" (100mm) Light Transmission & Solar Heat Gain Coefficent values, see Page 9.10)

FACE SHEET note15 % LIGHT TRANSMISSION note 2 WALL SYSTEM SOLAR HEAT note 3
COMBINATION GAIN COEFFICIENT AT 0°
EXTERIOR COLOR INTERIOR 0.53"U" 0.29/0.23 ]0.22/0.14 "U"[0.18/0.10 "U"| 0.05 "U" 0.53"U" 0.29/0.23 |0.22/0.14 "U"|0.18/0.10 "U"| 0.05"U"
COLOR note 4 "U" Y
Greenish Blue White 25 14 5 3 14 0.50 0.23 0.14 0.10 0.19
Aqua White 29 17 6 4 15 0.45 0.24 0.14 0.10 0.21
Rose White 30 18 6 4 16 0.46 0.24 0.15 0.10 0.21
Ice Blue White 35 20 8 6 21 0.54 0.28 0.17 0.12 0.26
Greenish Blue Crystal 37 20 7 4 NA 0.53 0.26 0.16 0.11 NA
Aqua Crystal 43 23 7 4 NA 0.55 0.27 0.16 0.11 NA
Rose Crystal 48 24 8 5 NA 0.57 0.28 0.17 0.12 NA
Ice Blue Crystal 53 27 10 6 NA 0.68 0.32 0.19 0.13 NA
White Crystal 30 18 12 8 NA 0.46 0.24 0.14 0.10 NA
White White 20 15 8 5 14 0.38 0.23 0.15 0.11 0.18
Crystal White 35 20 12 8 20 0.52 0.28 0.17 0.13 0.25
Crystal Crystal 50 30 15 10 NA 0.65 0.33 0.18 0.13 NA
Crystal SWC White 29 16 9 6 16 0.47 0.25 0.15 0.10 0.23
Crystal SWC Crystal 44 22 11 8 NA 0.58 0.29 0.17 0.12 NA
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Daysim

For the analysis, DaysimPS was used to determine the light levels achieved, annual daylighting
metrics, dimming capabilities, and cost savings from dimming. A simplified model of the project labs
space was created in AutoCAD, with and without the skylight geometries added in, and converted to
rad files with dxf2rad.exe. The material file was created with generalized reflectances given to all of
the opaque geometries, a 63% VLT glass as per SmithGrouplJJR drawings, and the Kalwall trans-
material was specified as per Christoph Reinhart’'s paper entitled "Development and validation of a
Radiance model for a translucent panel” shown in the image below. For the Daysim runs, an assumed
occupancy schedule was created, a location specific weather file was used, and the luminaires
specified in the lighting depth were added.

# RADIAWCE "trana" model of a translucent panel assuming
# only direct normal hemispherical cransmittance iz available
# Ram Co = Cg= Cpm 0,21 = diffuse reflectancs
# R, = By =0.08 = specular reflectance
# 5, = 0.0 = surface roughneas
# T 0.24 = direct normal diffuse hemigpherical cransmictance
# Ty = 0 = bLransmitted specularity {ideal diffuser)
# b8 = T/ (Te+T,) =10
# By = {Ta+T,) S {Ry+TysT,) = D.5333
# Dy = 5. =D
# By = Az =B; = BaS{(1-Fpb*il-2;1) = 0.48913
5. = Bgrhov(1-A)*%Ad = O
# resulting Radiance material:
vold trans PANEL
1
o]
T 0_48913 D.4B9%13 . 489213 O.0E 0 O.5%333 0
7 Al A2 A3 A AR AB AT
j Mat.rad - Notepad |E”EHE|

File Edit Format View Help

# Daysim Material File
# JOHN CONLEY
# Dakland University - Engineering Center

void plastic 1_surrounds 0 0 5 0.3000 0.3000 0.3000 0.0000 0.0000
void plastic T_walls 0 0 5 0.5000 0.5000 0.5000 0.0000 0.0000
void plastic T_ceiling 0 0 5 0.8000 0.8000 0.8000 0.0000 0.0000

m

void plastic 1_floor 0 0 5 0.3 0.3 0.3 0.0000 0.0000

void plastic T_mullions 0 O 5 0.5000 0.5000 0.5000 0.0000 0.0000

void plastic 1_metalpnl 0 0 5 0.3000 0.5000 0.5000 0.0000 0.0000

void glass 1_glass 0 0 3 0.697575 0.697575 0.697575

void plastic 1_roofwall 0 0 5 0.3000 0.5000 0.5000 0.0000 0.0000

#20% transmitance kalwall crystal-white

void trans 1 _kalwalll O O 7 0.443652174 0.445652174 0.443652174 0.08 0 0.487804878 0

7] 3
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=]

B8 DaysimPS - [C/DAVSIM/Run3/Kalwall.hea] =]
File Site Building Luminaires Simulation Analysis Help

RADIANCE Simulation Parameters

Please set the RADIANCE Simulation Parameters. The default settings assume a scene complexity of "1 ( see M > Tutons/ 2. 149,
To reload default values select Scene Compiexity 1.

ambient bounces (ab! 5 specular jitter (5 1.0000
ambient divisions (ad! 1000 limit weight (w’ 0.004000
ambient super-samples (as! 20 direct jitter (d; 0.0000
ambient resolution (ar’ 300 direct sampling (ds! 0.200
ambient accuracy (aa 0.1 direct relays (dr’ 2

limit reflection (i 6 direct pretest density (dr 512
specular threshold (st) 0.1500

Scene Complexity 1 ][ Scene Complexity 2

Figure 49 Daysim Simulation Settings

5% DaysimPS - [C:/DAYSIM/Run3/Kalwall.hea] =
File Site Building Luminaires Simulation Analysis Help

Luminaire Layout Table - BAL
b # # X Y z Grid

e X ¥ z Col o Spadng  Spadng  Spadng ROT TILT SPIN Rot Zone DELETE
A 108.0 -86.0 1300.0 3 1 96.0 0.0 0.0 0.0 0.0 0.0 0.0 1 B -
A 108.0 -418.0  |300.0 3 1 96.0 0.0 0.0 0.0 0.0 0.0 0.0 2 B
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Figure 50 Luminaire Layout and Schedule (2 Zones)
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The following section is a series of comparisons between the project labs space with and without the
skylights added. In all aspects, it appears that with the added skylights, the daylighting condition in
the space will be greatly enhanced by reaching further into the space and providing higher levels of
daylight for more of the year. It can also be noted that with the addition of the skylights, the
illuminance levels greatly increase on the north side of the space due to skylight and window
contributions. Since this is the north side of the building, it is not beneficial to look into shading
systems to lessen the lighting level. However, the situation lends itself very nicely to photosensor
control of the dimming of zone 1 of the electric lighting.
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Equinox | June, 21 (Dates are for this year; times are approximately every hour from 8 to 5)

Figure 53 June 21st Without Skylights

Figure 55 September 23rd Without Skylights
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Analysis

Dimming of zone 1 is explored by noting the lighting levels of the standalone electric lights and
finding a suitable critical point and photosensor algorithm through manipulation of the critical point
tool and the photosensor location. Since the Big Ass Lights used in the project labs space have built

in photosensors, the photosensor was placed at the level of the luminaires facing downward and used
in conjunction with a closed loop proportional algorithm.
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Figure 59 Electric Lighting Levels
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Figure 60 Photosensor Control Algorithm
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Savings

|£| Energy Tables (KWh) (== [ =]
January February March April May June July August September  October Movember  December Total

Base 327.9 289,52 319,32 306,53 327.9 306,53 319,32 327.9 297.95 327.9 315,11 310.74 3775.65

Optimal 181.33 149.76 151.85 153.86 154.11 153.39 159.72 164.39 150.11 170.5 174.93 186.99 1971.08

Algorithm 179,36 149.45 16191 153.89 164,11 153.41 159,76 164,38 150.05 189.7 172,63 182,99 19617

Savings 143.53 140.06 157.4 152.63 163.78 153.11 159.55 163.52 147.89 158.2 142,48 127.75 1814.95

After a seemingly good critical point was chosen with an acceptable signal vs. dimming plot, the data
from the energy table function of Daysim could be looked at. The savings per year amount to around
1814.95 kWh. This number however is less than optimal. At an electricity cost of $0.054/kWh, annual
savings due to the dimming of Zone 1 in Daysim would amount to approximately $98. These savings
were then compared to SkyCalc savings which are based on a less precise model of the situation.
SkyCalc overestimated the savings by 350 kWh/yr, which is pretty impressive due to the simplicity of
the information that is used as input for the SkyCalc program. Since Daysim results are probably
slightly more correct, these savings will be used to analyze the payback period of the Kalwall skylights
which can be found in the Mechanical Breadth section of this report.

Skylighting System Description Site Description
Skylight unit size (ft?) 160.0 Climate Location Pontiac.wea3
Number of Skylights 3 Climate Zone CZ5 (cool, 5,400 < HDD65°F <= 7,200)
Total Skylight Area (ft?) 480 Building Type University 9 mo
Skylight to Floor Ratio (SFR) 8.4% Building Area 5,704 (ft%)
Effective Aperture 0.9%
Floor Area per Skylight 1,901 Elecric Lighting System Description
Skylight U-value 0.230 Lighting Type Industrial fluorescent
Skylight SHGC 25% Lighting Control Dimming min 5% light
Skylight T;s 20% Light Level Setpoint 50 fc
Well Efficiency (WF) 78% Lighting Density 1.03 W/ft?
Dirt and Screen Factor 70% Connected Load 5.9 kw
Overall Skylight System Tvis 11% Fraction Controlled 50%
Skylight CU 66%
Savings from Design Skylighting System
Annual Energy Annual Cost
Savings Savings (kWh/yr) Savings ($/yr)

Lighting 2,165 $116




Conley Final Report | April, 8 2015

Conclusions

Daylighting is an important part of any architectural space to render the world in a bright and
comfortable light. With the implementation of these Kalwall skylights, the architectural aesthetic of
the space is increased as well as providing an informed and integrated solution that will provide
savings in the building electricity costs as well. This solution brings together multiple aspects into one
integrated product.

Figure 64 Visualization of the Roof Top with Skylights
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Overview

Due to the addition of large skylights into the project labs space, which is discussed in more depth in
the daylighting section of this report, there is a large decrease in dead weight of the roof. Due to the
layout of the structural system as well as the mechanical equipment and fan layouts in the space, the
skylights were placed to span between bays in the center of the room. The structural system was
analyzed and hand calculations were performed to determine if a resizing of the structural members
directly affected by the skylights would be cost beneficial. From these calculations, a small decrease
in some of these beams could save the project some money in initial costs but may be disregarded
due to an attempt save money with bulk purchase of same-size members.

The figure below shows the main structural members for the 5 bays of the project labs space with the
green roof highlighted in green.
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The green roof shift and the addition of the Kalwall SkyRoof is shown in the figure below.
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Loads

To start with, the major loads on the roof were calculated and or researched through ASCE 7-10 and
SmithGroupJJR’s structural and architectural plans.

Live Load = 100 psf

From the 2010 ASCE 7 Design Loading Code for “Roofs used for roof gardens”
Snow Load = 19.25 psf

Ground Snow Load Py = 25 psf from Figure 7-1 of ASCE 7-10

Exposure coefficient Ce = 1.1 from Figure 7-2 of ASCE 7-10 and Terrain Category from Section
26.7 for a Sheltered roof of Terrain Category C. *This designation was provided by
SmithGroupJJR and checked

Thermal Factor C; = 1.0 from Figure 7-3 of ASCE 7-10
Importance Factor Is = 1.0 for normal buildings
P;=0.7C,C P, = 0.7(1.1)(1.0)(1.0)(25) = 19.25 psf

The superimposed dead load for a roof, as provided in the SmithGrouplJJR plans, is given as 110 psf.
This number is providing for some extra safety in the design and thus a calculation was performed,
with some approximation, to check the validity of this number.

Greenroof = 35 psf (saturated maximum from SmithGroupJJR specifications)

Roof concrete pavers = 51 psf (calculated based on area and makeup of the roof flooring)
Kalwall SkyRoof System = 3 psf

Misc. Dead Load (Duct, Lights, Plumbing, Sprinklers) = 10 psf

Rigid Insulation = 2 psf

Total SDL = 35+51+3+10+2 = 101 psf



Conley Final Report | April, 8 2015

2" - 18" VEGETATION-FREE ZONE

CONCRETE CURS

SEALANT ——————————
\.

/

WATER RETENTION
DRAINAGE MAT

p.——— THERMAL INSULATION
(B0 PSI MIN)

_ _LEER
=

DRAINAGE MAT WITH
INTEGRAL FILTER FABRIC

FILTER FASRIC

BOARD INSULATION ————— gy
DRAINAGE PANEL ————.]

_~——— ROOT BARRIER/
- PROTECTION SHEET

PROTECTION COURSE —— WATERPROOFING

FLUID APPLIED.
PROTECTED MEMBRANE
ROOFING

=~ LIGHT WEIGHT CONCRETE

LIGHT WEIGHT CONCRETE ——

_——— STRUCTURAL SLAS

EXTENSIVE GARDEN ROOF SYSTEM

/72 CURB DETAIL
[ 72 ) caE sorar
\_~/ scAE 310

Since the calculated value is very close to the 110 psf which is used by SmithGroupJJR, 110 psf will be
used. Since the Kalwall skylight system is so light, it will not have much of an impact on the structural
member sizes. The following calculations will test the validity of the current beam sizes and
determine if there is a possibility of downsizing the beams to save some money structurally with the
addition of the skylights. The reason that the current structure is more robust is due to a sliding crane
in the SAE lab which has a substructure below the primary beams and girders and has been omitted in
this analysis of the structural system as it does not directly affect the sizing of the beams that are
being analyzed.

Deck Calculations

The structural plans state that the top of steel is at an elevation of 30'-5 %" and that the top of
concrete elevation is 31'-0". The plans also dictate that a 2" composite floor deck should be used,
installed in 3 span lengths only, and with normal weight concrete. Thus, a 2VLI20 Vulcraft deck will be
used with a 6 ¥2" total slab depth. This decking has a SDI maximum unshored clear span of 9'-0"
which is greater than the needed 8'-3.8" span necessary in this situation. The superimposed live load
for this will then be 264 PSF for an 8'-0" clear span. To check the validity of this deck the following
needs to be true, W, + Wyisc pr. < Superimposed Live Load. W\ is equal to 100 psf and Wisc oL is
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equal to 110 psf, so 210 psf < 264 psf and this composite roof deck will work. This deck will have a
dead weight of 69 psf which will be used to specify the beams.

Beam Calculations

The following calculations will look at the beams that are directly affected by the decrease in weight
due to the skylight addition and determine if a decrease in beam size is warranted. The dead load for
the beam calculations will include a typical beam self-weight allowance of 5 psf, the specified deck
weight of 69 psf, and the superimposed dead load used above of 110 psf which includes the roof
paver system, greenroof, miscellaneous loads. Live loads for roofs cannot be reduced thus, the live
load used will be 100 psf for the roof and 40 psf for the skylight areas. Loading combination 3 will be
used in this case because this is a roof calculation with dead loads and a roof live load.

W, =1.2 x (Dead Load) + 1.6 = (Live or Snow Load)

The live load is much larger than the snow load, so the live load will be used. For beams along the
two lines shown below, the tributary area, shaded in grey, will include partially the typical roof load
and partially the new skylight roof load. The only bay that does not have a partial skylight load is bay
E, but a calculation for this bay has also been conducted.

: \
WTAXEO 10
'm PR L -
gl \ yiiE
] =4
| W W1BKX40 [22] W14X22 [10] -~
i I-
!
s . g -
IHE 4 \
2 = = WiBxaU (2" 14y
g S = /'\ i
fl e - g 3 u A |
: —
| 1.8 N - 5 7K*~)
"[ — LT
# 5323/
V24376 [5 X785 [50) L™~ —pearso g m |

u JEn <~ W24X76 [50] e u g . n wyx:g‘ \ - W14X22 [10] -
" YT 7 | BN el E

Figure 68 Altered Layout with Beam Tributary Areas Highlighted

=4

For the tributary area with normal roofing conditions the factored load is as follows.
W,=1.2+(110+5+69) + 1.6 * (100) = 381 psf
For the tributary area containing the skylighting system the factored load is as follows.

W, =1.2x(3)+1.6 % (40) = 67.6 psf



Conley Final Report | April, 8 2015

For bays A & D the skylight covers approximately % of the tributary area.

w,(b A&D)=W (spacing> (381 3) + (67 6 1) 8'3.8")/1000 2.52 kl
= ¥ | —————— | = k% — k% — E3 =
u(bays * 1000 4 ' 4 (8'3.8)/ ) f

V, = (w, *1)/2 = (2.52 kif «30")/2 = 37.7 kips

M, = (w, = 1?)/8 = (2.52 kIf * 30'%)/2 = 283 kip — ft

The middle bays will assume %2 skylight tributary area.

spacing

w, (bays B &C) = W, (s

) = 0.5 % (381 + 67.6)  (8/3.8")/1000 = 1.86 kif
Vu=(wy,*1)/2 = (1.86 klf +30")/2 = 27.97 kips

M, = (w, *1?)/8 = (1.86 kIf « 30'%)/2 = 210 kip — ft

For bay E the tributary area is all roof .

spacing
1000

V= (Wy *1)/2 = (1.58 klf » 30')/2 = 7.87 kips

w,(bay E) = W, + ( ) — 381+ ((8'3.8")/2)/1000 = 1.58 klf

M, = (W, * 12)/8 = (1.58 kif + 30'%)/2 = 19.6 kip — ft

Table 3-2 of th AISC Steel Construction Manual, 14" ed. was used to determine the most economical
beam size for the strength criteria calculated. For bays A and D, W18x40 was chosen which is the
same size that is already installed. For bays B and C, which have more influence by the lighter
skylights, W18x35 beams were chosen. For bay E, it was determined that these beams may be
oversized at W12x14 when W8x10 beams seem to work with the loading that is present. These sizes
were checked against the moment, shear, floor deflection of members due to the accessibility of the
roof and the large live load, and against the roof deflection of members. The summary of each of the
calculations is shown below and the full calculation process for bays B and C is also outlined.
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Bays A and D (0.75 roof, 0.25 skylight) Bays B and C (0.5 roof, 0.5 skylight) Bay E (all roof)
wu 2.52 kIf wu 1.86 kiIf wu 1.58 klIf
Vu 37.74 kips Vu 27.97 kips Vu 7.87 kips
Mu 283.03 ft-kip Mu 209.77 ft-kip Mu 19.55 ft-kip
(size) W 18 40 (size) W 18 35 (size) W 8 10
Vn 169 kips Vn 159 kips Vn 40.2 kips
Mn 294 ft-kip Mn 249 ft-kip Mn 32.9 ft-kip
| 612 in?4 | 510 in?4 | 30.8 in?M4
E 29000 ksi E 29000 ksi E 29000 ksi
wLL 10.22 kIf wLL 8.42 kIf wLL 12.02405 klf
Defl. 0.010495 in Defl. 0.010372 in Defl. 0.002954 in
L/360 lin L/360 lin L/360 0.33125 in
wTL 26.90 kIf wTL 19.65932 kIf wTL 34.1483 kif
Defl. 0.03 in Defl. 0.024225 in Defl. 0.008389 in
L/240 1.50 in L/240 15in L/240 0.496875 in
Self Wt. 41.58 plf Self Wt. 41.58 plf Self Wt. 41.58 plf

Bays B and C are loaded with approximately half roof load and half skylight load in the beam tributary
areas. With the max moment and shear calculated above, the beam W18x35 was chosen as the most
economical size for strength calculated.

V,=27.97 kips < 159 kips = @V, From AISC Table 3 — 2
M, =210 ft — kips < 249 ft — kips = ¢M,, From AISC Table 3 — 2

Then, the deflections need to be checked; with I = 510 in* and E = 29,000 ksi. The distributed live
load for the tributary area is calculated then, the deflection is checked against the L/360 value for the
floor member deflection calc. The distributed total load for the tributary area is calculated then, the
deflection is checked against the L/240 value for the roof member deflection calc.

LL
= 2 _ 1 (100 psf +40psf) _
WiL = (tributary length) T2 * 8 _3.8" = 8.42 klf
i3
in
A 5w * L* 5 * 8.42klf « 30" 1728? 0.0104 1
= — N _ .
1™ 384 «E«I ~ 384 +29,000ksi  510in* b in
1000k—.
p
=122 = 1in
360 360 ft

L
A< %so, live load floor deflection is acceptable
TL
_ 2
(tributary length)

(110 + 69 + 5 + 100 psf + 3 + 40 psf)
8 —3.8"

= 19.66 kIf

1
WTL ZE*
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in3

n
A 5% wy, * L* 5 % 19.66klf * 30 1728@ 0.0242 i
= = * = V.
LL= 384 «E+1 384 +29 000ksi+510in* 1b m
1000 7
ip
L 30’ in .
m—ﬁ*lzf—t— 1.5in

L
Ar < mso, total load roof deflection is also acceptable

As a final check, the self-weight assumption needs to be checked against the actual weight of the
beam. Self-weight was assumed to be 5 psf as a safe bet. The beam in this case is only 35 plf so the
assumption was safe.

5psf = (8" —3.8") = 41.58 plf > 35 plf for this beam so this is acceptable

Conclusions

The calculations that were done proved that the structural members that are already in place are
adequately sized if not conservatively designed. It was also determined that some of the members
that would be directly affected by the decrease in load due to the skylight installation could be
downsized slightly. This would provide a decrease in tonnage of steel members by about 0.34 tons
from the resizing of the members that were calculated above. This change in tonnage would amount
to some savings, but for the sake of consistency in the project labs structural design and some level of
conservancy it is not advised to make these changes.
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Modifications to the project labs space have been made with the addition of the three Kalwall Skyroof
products as described in the daylighting section of this report. In order to validate the choice to
implement these skylights it was crucial to investigate other effects beyond the daylighting, including
the change in the mechanical loads on the space due to the difference in the boundary materials. For
this breadth, the excel-based energy analysis program, SkyCalc, was used. This program is provided
for free use by Heschong Mahone Group.

Through this program it was noted that due to the incredible insulation properties of the Kalwall
system, implementing these skylights would actually allow for savings in heating. Kalwall gives a
much better U-value than more traditional skylight options, especially when the panels are thermally
broken. However, since these panels will let more solar heat gain into the space it also means that

there will be some cooling energy losses. It was also discovered that adding even more square

footage of skylight would only increase the overall annual savings. Due to the existing mechanical
and structural layouts as well as the cost of the Kalwall system, it was determined not to pursue an
increase in the area of skylights used.
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Basic Roof U-Value Calculation

eQUEST software was used to determine a rough U-value for the construction of the roof including
the concrete tiled flooring, the insulation, lightweight concrete, and structural reinforced concrete.
This can be seen in the figure below followed by another figure showing the roof in section. With an
overall R-Value of 16.670, the approximate U-Value would be 0.06.

[ Construction Data @

Layer-by-Layer Construction

Construction Name: | Reof Construction Surface Type: |Roof j

Layers: (outside to inside)

Spec Method Category Material (h_st'z\fg::':,;tu) Thic(:l-ffsess %ﬂ?ﬁﬁfﬂg ?IE.?FStg (SE';ET,“JHE?;
1 |Library Entry « |[Concrete 30 Il » |Concrete, LW, 30 Lb., 2 Incl - 0.167 0.0751 30.00 0.200
2 |Library Entry « |Board Insulati v |Insulation, 3 Inch (HF-B4) = | 0.250 0.0250 2.00 0.200
3 |Library Entry = |Concrete 80 ILw |Concrete, LW, 80 Lb., & Inct = | 0.500 0.2083 80.00 0.200
4 |Library Entry « |Concrete 140 - |Concrete, HW, 140 Lb., 6 In | 0.500 1.0000 140.00 0.200
5 |Library Entry v |Surface Air Fil » [Inside Surface Air Film Horiz - 0.760
6 |- select mater |

Overall R-Value: 16.670 h-ft2-°F/Btu

Help w Done 5,::—

el b o

£y SECTION DETAIL
B el
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The panels chosen are the 2-3/4" panels with Crystal exterior and White interior and a visual light
transmission of 20%. For the pre-engineered Skyroof product chosen, the panels with added Lumira
aerogel are not available to use, which would have increased the insulation properties immensely.
Because of this, the U-Value is 0.23 instead of 0.05 which was originally going to be used.

FACE SHEET % LIGHT TRANSMISSION note 1 SOLAR HEAT GAIN  note 3
COMBINATIONS 23/ (70 mm) thick panels COEFFICIENT @0° £
EXTERIOR |INTERIOR| 0.53 0.29/0.23| 0.22/0.14] 0.18/0.10| 0.05 0.53 0.29/0.23| 0.22/0.14] 0.18/0.10| 0.05
COLOR COLOR “u” “u” “u” “u” “u” U “u” “u” “u” “uy”
note 2 note 2 note 2 note 2 note 2 note 2 note 2 note 2 |

Greenish Blue| White 25 14 5 3 12 0.50 0.23 0.14 0.10 0.19
Aqua White 29 17 6 4 13 0.45 0.24 0.14 0.10 0.21
Rose White 30 18 6 4 14 0.46 0.24 0.15 0.10 0.21
Ice Blue White 35 20 8 6 18 0.54 0.28 0.17 0.12 0.26
White White 20 15 8 5 14 0.38 0.23 0.15 0.11 0.18
Crystal White 35 20 12 8 20 0.52 0.28 0.17 0.13 0.25
Crystal Crystal 50 30 15 10 NA 0.65 0.33 0.18 0.13 NA

U Value = 0.23 Btu/hr/ft%/°F

SHGC = 0.28

SC=115*SHGC =1.15*0.28 =0.322

For the input into SkyCalc, the exact dimensions and shape of the skylights could not be used.

However, the approximation was made to be as close to the real situation as possible. The
dimensions of the skylights in plan are eight feet by twenty feet and in elevation they are ridged to
about two feet in height with hipped ends. This shape was approximated in the program with the

same plan dimensions and height but using a domed shape with a well.
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SkyCalc: Skylight Design Assistant - Optional Inputs

Company Name: John Conley
Project Description: Oakland University Engineering Center

Skylights Default User Revisions Design Input
Skylight shape Flat | Dome El Dome
Height of dome (Rise) (ft) 2 2 2
Visible transmittance 8% 20% 20%
Solar heat gain coefficient 6% 28% 28%
Curb type Wood Integral frame s Integral frame
Frame type Metal w/ thermal brk | Metal w/thermal bric| ¥ | \etal w/ thermal brk
Unit U-value (Btu/hs°Fft?) 0.607 0.230 A 0.230
Dirt light loss factor 70% 70%
Screen or safety grate factor 100% 100%
Light well reflectance 70% 70%
Well factor (WF) 78% 78%
Bottom of light well:

Width (ft) 8.00 8.00 8.00

Length (ft) 20.00 20.00 20.00
Diffuser on bottom of well? No () Yes, @ No No

Additional Information for SkyCalc Input
Electricity Cost
On-Peak = $0.0567 per KWh
Off-Peak = $0.0537 per KWh
Natural Gas Rate
Average Annual Gas Cost = $6.10 per MMBtu = $0.61 per Therm
Transportation cost to Oakland University = $0.75 per MMBtu = $0.075 per Therm
Total = $0.685 per Therm
Heating and Air Conditioning Systems
Air Conditioning = Evaporative Cooling

Heating System = Gas/QOil Boiler
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SkyCalc Analysis

Before the decision was made to limit the changes in mechanical equipment layout, a case in which
one large skylight was used to span most of the length of the project labs was analyzed. This case
proved to be much better for the overall savings in the space. This case was however determined to
be too disruptive of the other existing systems in the space including mechanical equipment and
structural beams. A more integrative solution was then devised which would still give energy savings

as well as daylighting improvement.

Large Skylight Trial

The original plan was to use a single 14.5 ft by 103 ft sized Skyroof which would essentially sit in the
area which is now occupied by the extensive greenroof, which is shown in the images below.
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As you can see, this solution would require an extensive rerouting of mechanical equipment and a
fairly in depth redesign of the structure to allow for a clean opening into the space below the
skylights. But, for the purpose of analyzing all options, this solution was analyzed in SkyCalc. The

results are as follows.
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SkyCalc: Skylight Design Assistant - Tabular Results

Company Name: John Conley
Project Description: Oakland University Engineering Center

Electric Lighting Usage kKWh/yr
Ltg. Energy without Skylights 20,163  Lighting Fraction Saved

Lighting Energy w/ Skylights 20,163  Full daylighting (h/yr) 1,474
Savings from Design Skylighting System
Annual Energy Annual Cost
Savings Savings (kWh/yr) Savings ($/yr)
Update Liahti
Results 9 t_lng
Cooling -139 -$7
Heating 11,809 $276
Total 11,670 $269
Skylighting System Description Site Description
Skylight unit size (ft?) 1,467.8 Climate Location Pontiac.wea3
Number of Skylights 1 Climate Zone CZ5 (cool, 5,400 < HDD65°F <= 7,200)
Total Skylight Area (ft?) 1,468 Building Type University 9 mo
Skylight to Floor Ratio (SFR) 25.7% Building Area 5,704 (ft?)
Effective Aperture 2.8%
Floor Area per Skylight 5,704  Elecric Lighting System Description
Skylight U-value 0.230 Lighting Type Industrial fluorescent
Skylight SHGC 28% Lighting Control No Daylight Control
Skylight Ty;is 20%  Light Level Setpoint 50 fc
Well Efficiency (WF) 78% Lighting Density 1.03 Wiis
Dirt and Screen Factor 70% Connected Load 5.9 kw
Overall Skylight System Tvis 11% Fraction Controlled 50%
Skylight CU 66%

3 Smaller Skylight Units

After weighing the different factors at play and analyzing the daylighting with the large Skyroof, it was
decided to use three smaller skylights which fit more nicely within the existing mechanical equipment
and structure. These skylights were deemed to be good enough after studying the daylighting in
DAYSIM and the structure through hand calculations and were then input into SkyCalc. The results of
which are below. The results show that there will still be savings in heating and losses in cooling
which was seen with the large skylight. The savings are about 60% less than the large skylight case,
but the initial cost would be much greater and this would have to be taken into consideration. A
simple payback period is calculated below.
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SkyCalc: Skylight Design Assistant - Tabular Results

Company Name: John Conley
Project Description: Oakland University Engineering Center

Electric Lighting Usage kKWh/yr
Ltg. Energy without Skylights 20,163  Lighting Fraction Saved

Lighting Energy w/ Skylights 20,163  Full daylighting (h/yr) 112
Savings from Design Skylighting System
Annual Energy Annual Cost
Savings Savings (kWh/yr) Savings ($/yr)
Update —
Results Lighting
Cooling -49 -$3
Heating 4,632 $108
Total 4,582 $106

Total Annual Energy Savings from Skylights
Lighting, Cooling and Heating (all fuels converted to K€Wh)
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Total Energy Cost Savings from Skylights
for Lighting, Cooling and Heating

5160
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$20 ~
$0
0.0% 2.0% 4.0% 6.0% 3.0% 10.0% 12.0% 14.0%
Skylight to Floor Ratio (SFR)
Skylighting System Description Site Description
Skylight unit size (ft?) 160.0 Climate Location Pontiac.wea3
Number of Skylights 3 Climate Zone CZ5 (cool, 5,400 < HDD65°F <= 7,200)
Total Skylight Area (ft?) 480 Building Type University 9 mo
Skylight to Floor Ratio (SFR) 8.4% Building Area 5,704 (f®)
Effective Aperture 0.9%
Floor Area per Skylight 1,901 Elecric Lighting System Description
Skylight U-value 0.230 Lighting Type Industrial fluorescent
Skylight SHGC 28% Lighting Control No Daylight Control
Skylight T,;s 20% Light Level Setpoint 50 fc
Well Efficiency (WF) 78% Lighting Density 1.03 Wiis
Dirt and Screen Factor 70% Connected Load 5.9 kw
Overall Skylight System Tvis 11% Fraction Controlled 50%
Skylight CU 66%

Payback Period Calculation

In many projects, what seems good from a design standpoint can often be discarded when the cost is
accounted into the analysis. For the simple payback period calculation, the following factors were
incorporated:

Initial Kalwall Product Cost (See Appendix VI)
Initial Project Cost Reductions of the Greenroof and Structural Members
Annual Lighting, Cooling, and Heating Savings

Kalwall was contacted and an official quote was given for the size and specified panels. This initial
cost was much larger than expected, at $30,700.00. For a panel with a U value of 0.14 instead of 0.23,
the cost would be $31,585.00. The 0.14 U value option is not going to be considered due to the
reduction in visual light transmittance.
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For the initial cost reductions, the greenroof area difference was calculated and the tonnage reduction
calculated in the structural breadth were used. The greenroof was downsized by 480 ft? by
subtracting the areas of the three skylights. A nominal price per square foot for a greenroof in
America was found on multiple websites of $20/ft2. For the tonnage cost of steel, the
SteelBenchmarker Report #216 was used for the current cost of steel at $473/ton.

The SkyCalc results for the three skylights without lighting control were used for the cooling and
heating savings. For the lighting savings, it was decided to use the SkyCalc approximation for 5%
dimming instead of the DAYSIM results due to the fact that most likely both lighting zones could be
dimmed rather than just the one. The results for SkyCalc with electric light dimming are shown below.

SkyCalc: Skylight Design Assistant - Tabular Results

Company Name: John Conley
Project Description: Oakland University Engineering Center

Electric Lighting Usage kKWh/yr
Ltg. Energy without Skylights 20,163  Lighting Fraction Saved 11%

Lighting Energy w/ Skylights 17,998  Full daylighting (h/yr) 112
Savings from Design Skylighting System
Annual Energy Annual Cost
T Savings Savings (kWh/yr) Savings ($/yr)
Rt Lighting 2,165 $116
Cooling -37 -$2
Heating 3,948 $92
Total 6,077 $207

Total Annual Energy Savings from Skylights
Lighting, Cooling and Heating (all fuels converted to KWh)
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Total Energy Cost Savings from Skylights
for Lighting, Cooling and Heating
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Company Name: John Conley
Project Description: Oakland University Engineering Center

Dome Skylight

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Effective Aperture = 0.92%, Skylight to Floor Ratio (SFR) = 8.42%

Average daylight footcandles (fc)
1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Location = Pontiac



Conley

Final Report | April, 8 2015

Once all of this information was collected, the simple payback period was calculated in the table

below.

Initial Cost For 3 Pre-Engineered Kalwall SkyRoof Products

Initial Cost Reductions
Reduction in the Area of GreenRoof
Reduction in the Tonnage of Steel Beams
Total Initial Cost

Annual Savings From SkyCalc
Lighting Dimming Savings
Heating Savings
Cooling Savings
Total Annual

Payback Period (Years)

No. Units Price per Unit Dollar Amount|

$ 30,700.00

480 $ 20.00 $ 9,600.00
0.33975 $ 473.00 $ 160.70
$ 2093930

$ 116.00

$ (3.00)

$ 108.00

$ 221.00

Since this payback period of almost 95 years is outrageous, a payback period for the addition of the

skylights while taking the whole greenroof was looked into.

Initial Cost For 3 Pre-Engineered Kalwall SkyRoof Products

Initial Cost Reductions
Reduction in the Area of GreenRoof
Reduction in the Tonnage of Steel Beams
Total Initial Cost

Annual Savings From SkyCalc
Lighting Dimming Savings
Heating Savings
Cooling Savings
Total Annual

Payback Period (Years)

No. Units Price per Unit Dollar Amount|

$  30,700.00

14362 $ 20.00 $  28,723.85
0.33975 $ 473.00 $ 160.70
$ 1,815.45

$ 116.00

$ (3.00)

$ 108.00

$ 221.00

This payback period of 8.2 years is much more reasonable to go to the owner with as a suggestion.
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Conclusion

After analyzing the effects of the skylights on the heating and cooling of the space and most
importantly on the costs involved, the following recommendations are made for using the Kalwall
skylights. Because of the daylighting benefits of the skylights as well as the heating cost reduction, it
is recommended that the owner consider adding the skylights to the project. The skylights would
only be 0.0539% of the total project cost so it may be reasonable to justify the cost mainly on the
qualitative benefits. Because of the large payback period though, if the cost is a problem, this would
not be recommended. And if cost is a problem, since these skylights are considered a great addition
to the space, it would be recommended that the greenroof be taken out completely. The result of
this would be a payback period of 8.2 years with a continuous savings afterwards and the University
would see the benefit in a decent time-frame.
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Through the course of this senior thesis project, the wide base of knowledge acquired from the past
five years was utilized in a manner to show individual capabilities in the Architectural Engineering
field. The lighting, electrical, mechanical, and structural systems of the Engineering Center as well as
the daylighting aspects of the project were studied to explore many aspects of real world engineering
problems to come up with appropriate conclusions.

This project, even though not perfect, was a very valuable process to go through at the end of my
studies here at Penn State. I have to admit that I am not fully satisfied with my own quality of work or
range of studies done in the course of this report. That being said, the determination that it took to
spend many upon many hours of work on a project that ends up losing its feeling of excitement
towards the end is an invaluable attribute that I feel I have acquired throughout this project. In the
future there are bound to be long workdays and long nights working on projects with difficulties. 1
have a more realistic and more broad mindset having completed this report and I look forward to
moving on to real world projects with the knowledge I have from my time here at Penn State.
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Software Used

Adobe Photoshop CS3 and CS6

Autodesk 3DS Max Design 2014

Autodesk AutoCAD 2015

Autodesk Revit 2015

DaysimPS

eQUEST 3-65

SkyCalc Excel Program from energydesignresources.com
Documents

ASHRAE Standard 90.1-2010. Atlanta, GA: American Society of Heating, Refrigerating and Air
Conditioning Engineers, Inc., 2010

DiLaura, David L., Kevin W. Houser, Richard G. Mistrick, and Gary R. Steffy. The Lighting Handbook:
Reference and Application. New York, NY: Illuminating Engineering Society of North America, 2011.
Print.

LID Urban Design Tools - Green Roofs. (n.d.). Retrieved March 24, 2015, from http://www.lid-
stormwater.net/greenroofs_cost.htm

NFPA 70-2011: National Electrical Code, 2011. Quincy, MA: National Fire Protection Association, 2010.
Print.

Panel technology. (2015, January 9). Retrieved March 6, 2015, from
http://www.kalwall.com/technology/panel-anatomy/

Power Factor and Solid State Lighting — Implications, Complications and Resolutions. (n.d.). Retrieved
March 14, 2015, from http://www.ledlighting-eetimes.com/en/power-factor-and-solid-state-lighting-
implications-complications-and-resolutions.html?cmp_id=71&news_id=222908451&page=0

Reinhart C F, Andersen M, "Development and validation of a Radiance model for a translucent panel”,
Energy and Buildings 38:7 pp. 890-904, 2006

Short Circuit Current Calculations. (n.d.). Retrieved March 20, 2015, from
http://www.cooperindustries.com/content/dam/public/bussmann/Electrical/Resources/solution-
center/technical_library/BUS_Ele_Tech_Lib_Short_Circuit_Current_Calculations.pdf

Swart, R. (2014, January 6). Kalwall Material. Retrieved March 8, 2015, from
http://divadrhino.com/forum/topics/kalwall-material
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APPENDICES |
Appendix I | Full Lighting Schedule
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Oakland University Engineering Center Fixture Schedule

Type Description Manufacturer Model Load Lamp Voltage Mounting
Handrail detail encapsulated LED strip light, Siifface
L1 P67 plug in connectors at both ends, 4000K,  LED Linear VarioLED HYDRA LD5 W830/A IP67 48 W/m LED 24

o Mount
85 CRI, 3-Step MacAdam binning
Recessed 6" round LED downlights, tempered

L2 clear glass enclosure, anodized aluminum Bega Bega 6650 LED K4 23 W LED 277 Recessed
reflector, Outdoor rating IP65, 4000K, 85CRI

8" square wall mounted assymmetric LED, die-
cast a.ilumlnum housnpg, semi-specular Bega Bega 3238 LED W LED 277 wall
anodized aluminum internal reflector, weather Mount
tight IP65 rating, 4000K, 85 CRI
30" tall two sided bollard with 21-5/8"
illuminated height per side, 1/4" thick
aluminum extruded housing with
electrostatically applied powder coat finish,
1/4" polycarbonate lens, UL/CUL Wed Location
rated, 4000K
20-7/8" x 3-1/2" linear LED ingrade
symmetrical floodlight, extruded stainless steel
with 1/4" tempered matte safety glass cover,
P67 rating, 4000K, 80 CRI
4' x 264" Recessed linear LED downlight, flush
mount, extruded aluminum housing, white
L6 powder coat steel reflector, frosted acrylic Focal Point FSM2L-FL-375LF-40K-1C-277-LD1 21W LED 277 Recessed
lens, replaceable LED modules and drivers
from below, 4000 K, 80 CRI
Linear surface mounted LED, 11-5/16" length

L3

L4 A-Light X2-2-LL-40-2-P-HH-M-B 10 w/ft  LED 277 Bollard

Ingrade

L5
Recessed

Bega Bega 7915 LED 27 W LED 277

) . . g Surface
gy SUmeh amodied SREBD OISO W s TOLVW1-H12-355-CL-FM-LPSDC3-100-L1N 63 W/t LED 277 Mount
injection molded end caps, clear high strength Detail
acrylic lens, 3500K, 85 CRI
8' linear LED pendant, aluminum extrusion with
a matte anodized finish, frosted white acrylic
L8 lens diffuser, suspended with adjustable Delray Lighting Inc.  ST1P8-2-LOWA40-BDIM-W-SLRD 48 W LED 277 Pendant
aircraft cable with push button glider, 4000K,
90 CRI
rg;  Smepeodud o B W mOOMRd WAID!  copon FSM2L-FL-625LF-40K-1C-277-LD1-CXFF-WH-4CAW 8w  LED 277 Recessed
ceiling housing and flex whip connector
7' x 2.25" x 3.375" Mullion mounted Mullion
L10 assymmetric LED fixture, aluminum extruded  A-Light ACL4-M72-M1-LS-40-N-D-2-T-R 5 w/ft LED 277 Mourted
housing, precision milled endcaps, 4000K
1'x 1.5" x 2.1" linear LED wall grazing fixture, SiiFface
L11 narrow 10 x 60 degree beam angle, 4000K, 84 Philips Color Kinetics 523-000065-19 12.5 W/ft LED 277 Maint
CRI
Cove lighting LED fixture with a 4" opening
piy  pcelnoEised ol depiahove: o Bk FTRL-AC-LL1-35K-1C-277-LD1 29W LED 277 e
ceiling, extruded aluminum housing with Detail
polyester poweder coat, frosted lens, 3500K
66.7" x66.7" x 3.1" Ceiling mounted direct LED
fixture, polished aluminum housing finish, Ceiling
L13 g 3 4 3 Sattler 814-69-51-22-770 87T W LED 277
integrated acrylic cover, fabric covering as a Mounted
light and acoustic diffuser, 4000K
4" Square recessed LED downlight, self-
paa  [B0ged semespeaiaryefector, Mghly Gotham 1C0SQ-35-30-4AR20D-277 42W  LED 277 Recessed
transmissive lens, 20 degree beam angle,
3500K
4" Square recessed LED downlight, self-
7 T el S i Al Gotham 1C0SQ-35-05-4AR60D-277 8w LED 277 Recessed
transmissive lens, 60 degree beam angle,
3500K
3.15' x9.18" x 463" Industrial high-bay LED
L15 pendj’.-mt, £ cal?le length, hea‘fy s enrgded Big Ass Lights BAL-HBL1-20-04-01-02-06-03-01 194 W LED 277 Pendant
anodized aluminum construction, protective
optical lumen maintenance tray, 4000K, 73 CRI
11' x 3.5" x 2.5" Bottom mounted assymmetric S
L16 LED fixture, aluminum extruded housing, A-Light D4-M132-LH-40-2-N-D-O 10 W/ft  LED 277 Riciit
4000K
11' x 2-3/8" x 3-9/16" Surface mounted Linear
LED fixture, extruded aluminum housing with SHfaca
L17 aluminum endcaps, polyester powder coating, Selux L60-1A35-40-LW-F-11-BK-277 8.4 w/ft LED 277 N

extruded impact resistant acrylic lens, 4000K,
80 CRI
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Appendix II | Lighting Cut Sheets
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Wasser- und UV-Qeschitzte fexible
Lingarkeuchte i bis 20 75 m Lange im
Polyurethanverguss mit 10 mm IP&T

Steckverhinder an belden Enden
lfenath
w| Tc-Punit: Gesamte Rilckszite des vergossenen LED Bands
U’L | I fntre | oard |1 [
B
|
¥ 14 _,_I - Amp -

AvNx125« TN 60 A m TS e 19w M4 AL, » 60 X125+ ¥ = 1519

Bestellnummer Order Cade: VarioLED Flex HYDRA LDS Wxxx/A IPB7

Elektrische & Optische Betriebsdaten Electrical & optical data

VarioLED™ Flex lumen/meter Farbtemperatur® Es gelten die selben Daten wie fir VariolED™ Fiex HYORA LDS mit
HYDRA LD5 IP6T {(im/m) Color Temperature* (K) folgenden Ausnahmern: 309 Lichtweriust und Farbverschiebung im
waz4 267 3,000 Verqleu: 2um nicht vergossenen LED Sl:. o
Nahere Eriduterung zu den technischen Daten des PU-Schulzes
wazi o4 3400 im LED Linear™ Systemkatalog, Seite 584
Wa30 314 3800
wa3s 330 4300
w840 338 5900
Wwas0 355 9400
* Bei IPGT Produkten kinnen Toleranzen bei Oer Farbtemperatur auftreten Bitte sprechen Sie uns an fOr kundenspezifische Anpassengen,
Nihere Eriduterusg dary tinden Sie auf §. 584, wie 2. B. Xabell3ngen und Stecker.
Zubehor Accessories
erforderlich required optional ophiona

Konverter Suchse g Stever-

Sicherheits: und Nostagehinwene: LED Linear ™ Systemcatalog Seite 534N

Detalis siohe Selte 456 11

118



Conley Final Report | April, 8 2015 119

VaricLED™ HYDRA LDS IP67

Wasser wnd UV-geschitzte Linearieuthle
im Aluminiumprof in bis 2u 2 m Lange
im Potyurethanverquss mit 10 mm |Po7
Steckverbinder an teiden Enden.

Abmessungen & Langen [imensions & available length

Te-Punkt: Gesamte Prafilriickseite

sealile ras
prolile rea

A mm >

> = IF-

k
e Er—"

ANXISHIEN=T AL 0I5+ 9= LA, =152 125419 =18 (versicht VaroCoatour IP67 ab Seit= 474

Bestellnummer Order Code: VarioLED HYDRA LDS Wxxx/A IPE7

Elektrische & Dptische Betriebsdaten tlectrical & optical data

VariolLED™ lumen/meter Farblemperatur® Es gelten die selben Daten wie fr VarioLED™ Flex HYDRA LDS mit
HYDRA LDS P67 (im/m) Color Temperature* (K) folgenden Ausnahmen: 30% Lichtveriust und Farbvesschiebung im
waz 53 3000 ::;iac:;um nicht ver:eos:emhn.l!s Slr{;nt B

. re Erlduterung zu den technischen Daten des PU-Schutzes
waz7 a9 3400 im LED Linear™ Systembatalog, Seite 584,
w830 298 3800 Same cata 23 for Varicl L0 Flex HYORA LDS apply, ercept ght
W35 4 4300 : hift compare
We4o b 5900
W850 33 9.400 S

* Bed P67 Produkden kinnen Tolerasren bei dee Fartiemperatur autrten Bitte sprechen Sie uns an [ kundensperifische Anpassungen

Nahere Erfdsteneng dazu fingen Sie auf S 584 wie 2. B. Kabelldngen und Stecker,
Zubehdr Accessories

erforderlich required ophional optiona

D Konverter Buchse Shever-
e @
wpoly conbecis Power comin

Scherhaits- und Mostagebinwese: LED Linear™ Systembkatalog, Seite 534 M §

Detaks yebe Sove 255 1t
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Recessed ceiling downlights with symmetrical ligth distribution

Housing: Constructed of de-cast and extruded aluminum
HOuSNG S peovided with mounting clamps that provide a vibration
proof instaliaticn in calings up to 1 3/8" total thickness, Rough-in
housing constructed of glavanized S1eel with through wirng box
Fough-n housng included. Die castings are manng graca, copper
free (s 0.3% Sopper content) AS60.0 alumnum alloy,

Enclosure: Tempered Cliar Ghass, retained by & one Dce, ce-
cast auminum slep beffle kame that = Ireaded nto luminake
housing. Intermal reflector made from pure, anddized aluminem
Fully gasketed for weathar tight opéaration using a molded sicone
nbber gasket

Blectrical: 19.5W LED uminary, 23 10tal system wats, -30°C
start temperature. EldoLED 0-10V dimmabile driver mountad to
the junclion box of the celng pan for easy maintenancd, The LED
drver provides smooth and ficker free dimming down 1o 0.1%
and s compatioia with both sink and current source controliers,
Optional Dak dmmable drivor avadablo, congult factory for dotaie
LED moduie(s} are avallable from lactory 1or easy replacemamn
Standard LED coior tomperature is 3000K with an 86 CRI
Avalebia in 4000K {85 CRI); add sutx K4 10 order.

Note: LEDs suppiied with lumnare. Du2 10 the aynamc nature

of LED tochnology, LED lumnairo data on this shoot s subjoct

to change at the discration of BEGA-US. For 1the most cumment
techrecal data, please rofor 10 www.boga us,.com

Finish: Al BEGA standard linishes aro polyestor powdor coat with
minmum 3 md thickness. Avallabla in four standard BEGA colors
Back (BLKY, White (\WHT): Bronze (BRZ): Siver {SLV). To spocify,
a0s sppropriate sulfix to catalog number. Custom colors suppiied
on special ordor

CSA ceetfied 1o U.S. andt Canadan standards, sutablo jor wot
lecations. Frotecton class IF65

Weight: 4.0 lbs

Luminaire Lumens: 11495
fested m accordarce with LM-79-08

Larvg N

GE6SOLED 195W LED

- narrow beam

Final Report | April, 8 2015

Type: L2
BEGA Product:
Project: Oakland Engineering Center
Voltage: 277 V
Color: 4000K
Options:
Modified:

BEGA-US 1000 BEGA Way, Carpinteria, CA 83013 (805)684-0533 FAX (805)566-9474 www.bega-us.com

Ccopyrgnt SEGA-US 2014 Updatec 05/ 14
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Wall luminaires with directed light

Housing: One piece die-cast aluminum suppled with Type: L3

n{n:efsal_nwmng D(qut for d!'Qct atta_chmem to BEGA Product: 3238 LED

32" or 4* octagonal wiring box, Die castings are marine : F - . .
grade, copper free (s 0.3% copper content) A360.0 Project: Oakland University Engineering
aluminum alloy, Voltage: 277V

Enclosure: One piece die-cast auminum cover frame Color: 4000K

secwed by captive socket head, stainless steel screws Obtions:

threaded into stainiess steel inserts. Semi-specular, ptions:

anodized aluminum internal reflector. Safety glass with Modified:

optical 1exiure, Fully gasketed for weather tight cperation
using a molded sdicone rubber O-ring gasket.

Electrical: 26W LED uminare, 32 total system watts,
-30°C start temperature. Integral 120V through 277V
electronic LED driver, 0-10V dimming. LED module(s) are
available from factory for easy replacement, Standard LED
color temperature 18 3000K with an 85 CHI. Avallable in
4000K {85 CHI); add suffix K4 1o order.

Note: LEDs supplied with luminaire. Due 1o the dynamic
nature of LED technology, LED huminaire data on this sheet is
subject to change at the discration of BEGA-US, For the most
current technical data, please refer to www.bega-us.com.,
Finigh: A3 BEGA standard finishes are polyester powder

coat with minimum 3 mi thickness. Avalable In four standard
BEGA colors: Black (BLK); White (WHT); Bronze (BRZ), Siver
(SLV). To spocify, add appropriate suffo to catalog number
Custom codors supphad on special crdes

CSA certifiad to U.S, and Canadan standards. sutabie for wet
locations. Protection class IP6S

Weight: 4.4 s,

Luminaire Lumens: 1241
Tested in accordance with LM-79-08

SN T AR R T hmy g A

-2

Lamo A ] c
J2IBLED  26W LED 8 8 5%

BEGA-US 1000 BEGA Way, Carpinteria, CA 93013 (805)684-0533 FAX (805)566-9474 www.bega-us.com
Ocopyright BEGA-US 2014 Updated 06/14
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Conley

X2 | aire?

peoject

iype L4

Mounting:

Tre ored # 8 combination of e ore ! lumaaires tet o a somrmon
Base, DICK.10-DACK 50! 300 17

Ground Mount Froe standing miled sourming clise and staness

stonl anchor platform. Form and Mame by othecs. No growt reguined

Charfered o square Base w 734" » 12-1700°

Ovoct Burl Free stancng square base with concealed mounting

plate anct stininss sleel Bachor platiorm 1o a clean, Arvple sasthetc

Concrete base muat be cast up (o 4" 'owor than grade akiowng matenal

0 Do Sackiliod Over 1he CoNGrete and mounting base  Form and Yame
mqured

by cthers No grout

Tep accemie larre/balas! tray it 1he leegth of the heusng and sides
out o servicing Clesrance above Bofard must Be & escess of Be
actual botard hagtt thevedore a 49 Rature requres an sodtonad 4%
claarancn Itagal plad connecis 12 slle witing and UNDILGS wher tray

I removed

Lengtha:

Al lengh demensons are nominet and Used for geneal length
identication putpases. Actusl langiha sy vary by seversl B
Luminares are indiidual fatures and ave not conrectable

Overnl gt = humeous hagit + 8 375° bom ground, intiudag Dese

Dvect owral coticn reduces overal hesght 3bove ground up to 4°

LED:

Syr warranty >80, 000N LED Me  Tosted %0 LM-T8 and LM-80. See
wartiagadumen table fof specfcations par %oal. Al spechcatons o

2LjOct 1 Chango
TLITEHO!

Sngle. cusl or single stagoered lamgs in 2roas secton Program stan

s factory sterdord
Canstruction

GO% recycied atamnum mtruded Rounng 1 thok Precson-mied

AV erdcaps. Impact-teniszant. 114" tempared Juss

o

pehycartonme
ouler lens. Nedgrene gasketed Free standing mlod mounting plata
and staniess steol anchor platiorm

Finish
Clecy Yy a0pS

Listing.

ULCUL Wet Locaton
Campanion Luminaires:

X1 bofard, X3 botard X4 wak X7 recessad

Legena:
V. LED aghies
3. TUTIMC g0

cost finan

interior

romnal 2 * 30" overali negtt
romnal 3 = 42" overall negit
romnyl 4 = 54" overall nesght

Final Report | April, 8 2015

qeantity 6

Lamping (sach side)y LL

dmmeng - specty mansiactirer. modelsanes ard volage

3. Duenct bural agtion reduces stowve-goound Moght o o 4" orce backfied

i eiements

www #ligtis com
Wermint | Ul 30 0

2 ot

sy
L

Sreard vy ot

LED bow cutpt | KL
LEC storsard cutpst | LS
™ s
TR0 | M
“wa |0
THO@2) (O
LED Yomp (i appicatibe)y 40
000« | 30
00k | B
000 | 40
Voltage: 2
wiversal 120V . 2TTY L U
120v 1
ity |2
MV |2
Lens: I

G
P
Optics: HH
HTLO™ verscal camem “| HV
HTLO™ rorzontal cattern “| MM
HTLO™ vortcalstorzortal catiern | HVM
OMS™ + HTLO™ '} AH
scma™iens | A
HItD™¥ns ‘| H
Mounting: M
camfersdbase | M
squalotase | 8§
Gmect b Y| DR
Finiah: B
2 ghtanum'™ T
sarsn Dlack 8
daktrooze | DB
et - oy RALE | O
Options.
o
waomalfmicg | F
New YOOk Oty code N

Aert burie
. e 4"

268
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Drive-over in-grade linear floodlights with LEDs - Symmetrical

Enclosure: Outer housing: Constructad of high tensie strength, copper kee de-cast
aluminum aiay.

Inner housing: Constructed of extruded stankess steel, Trim /Facoplate & hoavy
gauge, machined stainiess steel secured 10 the inner housing by stainiess stesl
threaded welded studs. Mantenance requires removal of Inner housing /trim Aaceplase
assembly from cuter housing by means of two flugh, socket head stainless steel
screws. ¥i" thick tempered matte safety glass machined Nush to faceplate. One plece
moided U-channel, high temparature slilcone gasket, Reflector is aluminum with high
gioss coating.

Electrical: 22\ LED luminaie, 27 1otal system watts, -30° C start temperature.
Integrad 120V through 277 V electronic LED driver, 0-10V dimming. Standard LED
color temperature & 4000K with a >80 CRI. Avaitabie in 3000K (>80 CR); add suffix
K3 10 ordex, Inner housing pre-wired with nine (9) feet of 18/5 water stopper cabie,
cablo clamp, and waterproct cable gland entry into housng, A separate weathorproot
single gang wiring box for power supply must be proved [y contractor).

Due to the dynamic nature of LED technoiogy, LED luminaire data on this sheet is
Subject to change & the decretion of BEGA-US, For the most current technical data,
piaase refer 10 www.bega-us.com.

Finish: #4 brushed stanless steel, Custom colors are not avadable,

CSA certified to U.S, and Canadian standards, sutablo for wot locations. Protection
class WPG7.

Note: A foundation and proper drainage must be supphad by the contractor.

These uminakres ane designod to bear pressure 10ads up to 2,2001bs. from

vehicles with pneumatic tires. The luminaires must not be usad for traffic lanas
where they are subject 10 horizontal prassure from vehicies braking. accelerating

and changing direction,

Luminaire Lumens: 1350

LU ) A | oE

T9ISLED 108WLED 20%.3% 5

Final Report | April, 8 2015

Type: LS

BEGA Product: Bega 7915 LED
Project: Oakland Engineering

Voltage

Color:

: 277V
: 4000 K

Opt{ons.

BEGA-US 1000 BEGA Way, Carpinteria, CA 93013 (805)684-0533 FAX (805)566-9474 www.bega-us.com

Coopyright BEGAUS 2014 Updated 05/14
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trim fange
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FOCAL POINT

Narrow extr al m2.5 af e rocs od slot LEI
hard surfage Inegrat ot i ) wall i var v of NG sty
| 3 O \ i f INe
0
Indvid unt i I 1 Incre t
% . N 1 acty ons | ) mesryupled
mina WINOUE Dixé ¢ SNANOW
a8 '
- 268" ) posicn and ke alens g 3 | ’ |
i ot ) igh performand nd d
z 149 x
—— - X
! ’ . Lumen Ouput:  500-2475im
— . ‘_ e
b } “ Vamage 328w
B =
' 1 P .
U «] l LW 637
' ALt S0CM 3
&
- - : Lumen 70
&7
Martenance s

4 Flush Lers

Nomnal cutput

250 Lurnaes per oot
Deliverod Lumans: #90im
Totol System Watta: 14W
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DETAILLS

SUatt Paoerm wun 3 Corneny
N S A e Sy— A
———— Y oy
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antng PR iy e
¥ e st
| e - -
i il A
?;. T ] .
LI i e
-~ - - - - ——
e - TR am o
SELCIFNCAYIONS
LED System

Propietary e LED module ncorporates premium LEDs on @ robus: plathonm o acheve
excaiont thermad marmgeetl LEDy aoe placed 10 proroohe o uredonm sppesance
Locuiatse o) 30004, 500K, 4000K wih CRLED, 3S50CM LED modules wd Stvies we
"eplacaatie o befow

Construction

O Do extruded surmeum focung. M0 G swel 04 Cads. Mooy I tew
CONSIUCHon apchoations, 2 it wagte 5 10e. S untwe il TELs

A Ut wgin 101 s 8 unk wesgte 120 s,

Optic

Aofecions Mtrcstod of 22 Ga $30a! Inehed = Mg Rolocincd Wiig powdor coat
SOn000 A0S lena 07" 1hck with amn frin

Ectical

LUMTIVIIES A0 D0- WO Wil INC10ry INSIAB0) XN CICUT s 800 OVerroided
qrck conrecn Standard 120-27 TV conssant oumernt (ves inciudes O IV anaicg
Serimeng Power lactr > 1 Emergency battory HXITA P Emetgency outpnt - 10 watty
S0t Y0 iU

Labels
UL and cUL Latod Sutable for Dry of Damg Locaions, ndodt cse oy,
Finish
PolyNetet DOWON COM Sppmad Ovwl & S-S1a00 Doe-asInent
Lumen Mainterance
L0 m 50,000 fours.
Wasranty
LED systom mna for c0armson 1 st enwonsarts 10 1o 26°C. 5 yoar kried sy
PERFORMANCE CHART
Shisiding Nominl Outpul g ierm Watts Lumens
129.F L] %00
250LF 14 50
s FLF » 1483
GSLF a8 2473
125LF 0 %0
“ 250 F 20 o
ITRLF 2 1460
ey £ M40
1259 F 8 438
Rogress Hgh FUT W L
Perfoonance Lens ITRF 2 1488
UF 4“1 M08

B L el e o e e R L T
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CHROERMNG

Seom 2 LED

Shiekang
Flush Satie Lens

Regross Lens

By St L0 Onlrg sate v arih
Ragrass Performancs Lens
M#Mmmw
Nominal Output

$25 Lumens per foot
1104 i v L0 S & wewnany

290 Latmens per foct
375 Lumans per foct
£25 Lumens per foot

Cedor Tomperature
000K

2400%
4000K
Circuit
Vottage
120 Vou
277 Vor

LNV Vor
ot 1 Mwotec e @ UM achorn
Oviver
o s (whmrvnw b o o -y
O-10V - 10% Diswring

Luton A-Serles- Eco
OO NIy N ) wee TN

0-10¥ - f*“""

Ceding Contiguration
S 15146 Layn
S5, 1510° Tegutar
529 N8 Layn
Sid. 016" Togular
10" Slot-lee Tegutar
Toll 15/14° Lay-n
Tad 16116° Togder
Tal W14° Lay-nn
Toll 015" Togutar
Node 818° Togular

Mot ety afer et ngteral

L
FSVWL
FL
L
LU
Shxp
IT8LF
1250LF
F
ITSLF
B25LF
o -
0K
2K
R
e
W
7
120
n
uny
b
LDt
L30
G
"
a2
T2
Gy
GA
T4
as
AL
Te
L1
xF
XF2
Xy
XFN
xPw
c’ | —
E - =
Ew
W
WH
Wt
‘u
x
AxE
AxExC
Axirn
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High Output

Langs

SYS NS T AW

LUMINAIRE INFORMATION
APPLICATION: Cove ighting, desplay cases, sholl bghting,  COLOR RENDERING INDEX:
inaccesstie aroas and heat or UV sensitive installations 85+ Typical CRI
LUMENS: Approximate total kunens per foot shown. DIMMING:
s Cloar Lens. . Frosted Lons Dimmable 24VOC draver available. See
00K 3230mvl | 789l chart on page 3 for compatidie dmmars
BOOK | D7 L 300t

HOUSING:
Anodiaed aluminum extrision w/ injection molded end caps

LIGHT ENGINE:
High powar whita LEDs, bghtly binned for foters to
fxture colof consstancy.

Consult factory for additional information COLOR TEMPERATURE: Available in: RATED UFE:
200063000 100K Bosed on IESNA LMBD-2008 50,000 HRSETOX lumen
POWER CONSUMPTION: 500K 3455 225K maintenance (LT0)
Varies. See Power Supply information on page 3.
LENS: LISTING:
High strength Acryfic available in chear Dry/damp location qb
or frosted, IBEW Union made /
DIMENSIONS (shown with fxed mowating optioa]
— Mounting Feet Per Length:
—:_) Mounting feet can be pesitioned at any
. ) poson along the length of the kxture,
118 ’ Avatatin i lengths M08 . 2 Mounting Feat  H24 - 2 Mounting Fest
S W AN H12 -2 Mounting Feet  H48 - 3 Mounting Feet
MOUNTING OPTIONS
M - Fxed Mounteg BM - Rotating Mountieg
Inection molded fixed MTG feet wirotaling base for multiple mountiag options injection molded self-locking rotating mounts 0-90 degree tilt
Position 1

HOW T0 SPECIFY

Seties - Length - Color -  Lens Mounting

Connector Optices

Temperature »
[vown |- [H12]1-{B5ST -([CL_TI-[[RM [

LVCA - Condust Adaptes
ILVDT - Oovmg[ Connector

TOLVW1 | [Me6 . 5" | (3052000 | [CL-Clear | (M -Fined  |[LVSJ- Suraighe Commector 1116°
Low Voltage | |M12- 11" Iﬁs -3500C | AL« Frosted | |RM - Rotating | LVSJR - Strasght Joiner Rotating Mousts
Linear LED | [R24-28") L L L ! |LVFJ6 - Flaxitse Corner Connectee 6
W48 - 41" LVFJ12 - Flaxble Comer Connector 127

LVFS24 - Rexble Comer Connector 24°
LVJW-880 - Mini spool 480" 18 AWG Wire| | LpgDC3-60-LYN - BOW 100-277/24V DC

LPSDC1-100-J1D* - 10OW 12024V DC Dimming
LPSOCT-50-J10* - S0W 170724V OC Dimming
LPSDC1-300-J10° - 300W 120724V OC Dimming
LPSDC3-100-E10 - 100V 100-272/24V DC Dimming
LPSOC3-100-LIN - 100W 100272724V DC

*Alss available in 277V (LPSOC2]

3126 River Road
New Wiadsor, NY 12853

¥ S 5-8000
Fols-561-110

® www. usalbghting com
o B wmafigtnng oo

201 usSAL LLC
All eights reserved
Al dengng protected by copyoght
o422 IMNA

127
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"N[ I.' Linear LED
Connector Options
MULTIPLE CONNECTOR OPTIONS
STRAIGHT CONNECTOR: LVS)
/ v / \
" P | |
RLEXIBLE CONNECTOR: LVEJ DOVETAIL JOINER: LVDT
Allows connoction of Axtures Conduit adagtor used couples
nreund corears at any angle, W e 16" matal conduit 1o the end
P e Unigue dovetad of the first fixtyre in the ran.
/ ™ connector allows the Used ondy whers requined by
/ fr— abikty 10 mazhanicaty code.
) ' connect maltipie langths
§ P S— on the floor & 1# 33 one
! coupled unit to mosesng f =17
‘ location. Also, works V4 (@)
\ with RM to rotate multiple : \ )
X lengths as one unit dorsd j—‘= Qnm 'fru-wn'
Locking Serew N8 O S | .
e 316" Condut
LAYOUT INFORMATION
*» Recommended as primary usage for ndirect cove + . e
and under cabinet installations in accordance with ‘ Space Avalatie
recommended minimum sethack. . 358
» Agglications that require fess than recommended | & |
mmmmw —i VZines - W12 V2inch - W12
10 mdnadual LED poal varation within ANSI sub-2in, oR
» This potential vaciation would be most noticeable 1o tha
human eye @ 270K, loss pronounced @ 3000K and barely BN
noticeadla © 3S00K. I
Winch - N2
LVJV 480 END FEED
TYPICAL CONFIGURATION
DRIVER
Vs £5.56" { '\
N\ H12 ] 2o
_____ 3L x x X e ’=
N 'z LYW
SHOWN WITHOUT MOUNTING
MINIMUM SET BACK
[ o el oD (Oom 11N P Roas T 825586 3900 SN USAL LG
U SA I D Lme iAoy o Now Windeos, NY 12050 FEab 2811420 Al ghes 1omived

All Senigns protectas by copryright
o291
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IH[ [ii-[-lv Linear LED

Driver for use with
TheOne series TOLVW1 only

DRIVER INFORMATION

Final Report | April, 8 2015

APPLICATION: For use with TheOne® loear LED fuctures. MATERIAL:

Transformes housing & made of metal constrection. Dry/damp location. All drivers are UL Class

DIMMING: 2listed. AN drrvors are ETL listed for uso with
Dimmable 24VOC drivers avadable. OPERATING TEMPERATURE: TheOne® product family.
Sea chart below for compandie supply and demers, Maxithem ombant oparstng tempersture is 50°C. IBEW Usioa made.
‘ NOTES:
DRIVER PRIMARY | WATTS | MAX RUN | POWER® JOIMMER " SaTeH SR * Must use USAI drvers
YOLTAGE AENGTH | (MAFT) | | JO00YA, * Do not install in wet ‘ocatons.
L I00-27IVAC L 100 | IE 83 O NA L NA L Fg3 = Soo tabla for maximem run length of deivers.
| OVAC L 1e | IF 1 1 1 Fal o Deivers must be installed in accordance to
| Do 3owe’t axw | p 1 1| By nations! and 1oz el elactrical codes.
| DAL | N g | My 1 ] RN . mm o;::rm
| UIYAL L 1: W 1 1 | hg ] o peotaction,
| aOvAL L 3cmetl 3w | 1D 1 I |Fg4| REMOTE * Oedering Ieformation on page 1.
L oree Lo | x| n 1 L lhey| DHVERWNENG >
100 27VAG | 100 i 63 Fg. 2 JONCTION POANT - i
WOZIVAL | €0 w 63 | Na A Mz ey FeedWee .
—_— - AR . )
o =8 0 }TL © !
£ AR 3 e raent 091 99 oo IV Y Weed n s
2 Assures 1o srcwsuve e ogts sad Sove: 18 wied se showe 1 Tencts & wet ey Gegran OR IWVES o L3
3 Powenr conmumaction valuet sre g o o Sady oaded power seaghy WA
€ Fot 010 commeng, drivat leretaten 3 egendant on AL powet ewich T e 9|
oRMVER e E R e o
DIMENSIONS i
.. DIMMER COMPATIBILITY
FGURE1 11D - DRIVERS | FIGURE 3 10-708"
|
g
Kmck-outs ’tcmtn\-»tr vt ] [ L
e i - Owpat | 15 -
O e [zt | 387 28
| o5} T Tr——r 4
T7 | y =1 1 VM — ¢ P af ek
wlm WM.J_M_T Accets C?!‘I 38 = Rttt =
Lgren MNP IPMAA T | 1-100% | )\
o W Autrco, EEPMWEK WANE (G, B0 | 278" {* . ! L2
 hagron NOV-600 L 7100% 3 | I
- - ‘ [Ope QSEGOMAY | LIS | w '
nam CCesion DNACIEYS | 1-100% |
e GON-ANES L Z100%
Lo GRGCTVE with |
L 0GBk 3w | AGURES Aczass Cover
Lumon DNTVNFTYANTRIV T
AGURE 2 D L L00e | l
O Modgle | 51008 | O eINE
_ Knack-ous Accass Cq!w 0 O’ ’
- —— : ; S~ Kosch-suts
€] © O 258"
- 0 0
Knock-outs
& [ rile «| BanE
“\r S 14" ‘
0 0
o =3 [ ]
0-172° ) 13-14"
W e
USAIO e byl g com 1126 Bvor Roed T 8455485500 2011 USAL LLE
8 used ightng com Now Windeor, NY 12650 F 85041100 AL ights ressrved
AL demgns Brotctod Ty copryrighil

2o
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STICK MEDIA SEAMLESS LED. LUX

|

TYPE: [sTime

||E |[rowso

|leois-w  |[select |

Model #
ORDER MUMBER:

PROJECT:

“Sor hack pagr for details

Plocte review moonting isks belore orderieg.

8 §1. PENDANT .

s1P8 (’ :

8 H, PENDANT, mddle i &

Voltoge Lo LED Opticas = Othar Options
120V Low3o BDIM.-W SLRD
2277V Low3s sioop

Lowao

HOW30

HOW3S

HOW40

Bea Loagth-

(eavter in padtiples of 4 ft,)

STIPNS ==
8 #. SURFACE nE Ty

sTIse vl ’

8 f, SURFACE, middle ; = £

STisme

4 . PENDANT P———
STIP4 T =
4 B, PENDANT, mddle

STIPNA

4 B, SURFACE
sTI54

r B

4 . SURFACE, middle
STISM4

NOITE: Rail Mount available in T5 Huorescent Medie ONLY

BURBANK,
CALIFORNIA,
11505

nww.

DELRAY

LIGHTING, S

on 2
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CP DISTRIBUTION

s

-l e ™ vy
PR e - - - -

COEFFICIENTS

% CEILING 80 (20% FLOOR)
%XWALL70 50 30

0 "2 "2 12
| 99 93 88
2 39 9 N

3 80 69 o
4 73 60 Sl

5 67 53 "
0o 6l 48 38
7 57 43 3
3 53 12 50
9 §9 RS 7
10 i6 2 M

STIP4HOW4O

Whiee LEDx

Toeal Finsure lussens; 2,163
CRLEY.0

R9 2 50,0

WATTAGE

Per 4 f1. fixtuse

White LED  Waets Lymens
w 24 1,168
KO 4695 2163
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STICK MEDIA LUX CONSTRUCTION

INLINE PENDANT

* Mediais a sand-alone 2, 3, 4,
6 or 8 fr. dual inline pencant
fixrure. Each fixure requires ins
own power feed

Aluminum exteuson, with a

muatre anodied finish

o Diffuser i extruded, frosted
white acrylic.

* Suspended with ficdkd-adjastable
aircrafe cable, with push-burtan
y,}a!ﬂ.

* § gray 18 AWG power cond

o Standard detver, constant
voltage, 100W/ 24V, 1200277V,
SO0/60 Hz Class 2, in a remoee
howsing,

* Back plate has a '/v” opening for
direct conduir feed and is noc
incended for [-box moune,

* UL listed for dry locations

Lx

Diclray’s Laox fixnures are second-
generation LED luminaires chat
provide conventionad bumen levels at
less than or equal w | AWTFT2

Laex featuwses Nichla Corp

NFSL757 linear board chips,
avallable in 6W per foo

M0-Low Output), oe 11.2W

per foor (M0 High Output),

White coloe temperatuses inclade
W30 (3000K), W3S (5500K)

and WO (4000K); maeching dhe
traditional CCT of existing
incandescent, fluosescent, and nzeral

hakds Linps.

LM-7% TEST SUMMARY - MEDIA STILP44B . W4AINO

Driver:

Total Lumens:

Input Voltage (VAC/60Hz):
Input Power (W):

Efficacy:

Color Rendering Index {CRI):

DRIVER/RAIL MOUNT INFO

Media driver ard rail housings
are shipped with one opening

foe direct connection to conduit
with a third pasty ' fitting

{as shown below), To locare input
power cliewhere, an alternate %"
opening may be drifled ar the job
shte anywhere Zlong the wp of the
alemsinam rail housing,

100W/24V UNV
2163.52

120

4695

46.08

90.0

RECESSED DRIVER

Dréver must be accessible afrer

Installagion. Ovder SLRD

— -
Max. Wiring Distonce (a1 full keed]
Wire Size (AWG)  Distonce [f)
8 16
4 &
¥ )
7] n
0 »

* CRI: 900
*« R92500

Lax provides the best benendwans
ratlo per fixzure, as well as precise
color temperature matching for
multiple fxeures. Seandard options
include dimsming, for scene control
and energy manageeoent,

DIMMING DRIVER

* For white LEDs caly

¢ Driver: 100W/ 24V comsant
voltge, 120/277.

* Use with 0= 10V, pusple/gray
wire apalog dimeners.

OPTIONAL J.BOX COVER

Caover plate myounts o maximam
4" wquare J-box

Diiver housing

mounts to wall on () S
top of cover plate.

which may be =
painted to march v

ceiling or wall, and includes two
mounting spacers to offsct cover
thickness. Order $100P

MAY 7001
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FOCAL POINT

Narow extruded auminum 2.5 sperture recessad skt LED
that transitions from wal 1o ceiling

Clean and miramal trirmniess drywall mounbng

Continuous Irosted acrylic lens provides uninternupled
Hlumnation, without pixals or shadows

LED position and kns material optimized to provide the
perfect blend of high pedormance and visugl comion

Choice of output levels to meet a wide variaty of applicaton

neacs
Laenan Ouaput 500-24 788
Wattage 830w
LPw 8371
SDCV 3
= Lumen L% @
Mardorarce 50,0000y
4" Flush Lans
Nominal cutpt
250 Lumens per foot
Delivered Lumens: 990kn

Totsl System Walts: 14W

132
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SPECIFICATIONS

LED System

Progiotary heagr LED Mocul cordonites prosmken LEDS 0n 0 80! o 15 achievn
exoedere hormal managamanr LEDs s planod 10 promotn @ LrBoim appenancs
Aottable in 000K JC0K 4000K wtn CRISRA0. ISDOCAM LED mockdes or'c dtvens are
eplaseatye frorm below.

Construction

O plece e e Mummem Nocseg 70 Oa. sedl 0nd Cags. Houseg % tew
CONTLCEON appications. XFH accegtalio for woe with wood, conault fa2iony i Tyoe IC
aviiabisy. 2 i w5V o, X urnt waght T6loe ATt wogit S0 ) s, 5 ure
woght 126 s

Opse

Flefiactys atecatod of 22 Ca #00 Irmhed m HGh Refiacsante Wiin powy oot
EXuced acry''C lens O thack with sa0n Yrvsh

Eloctnical

Lumrases oo orowrnd with 1aciory imtaled branch crout weng and ovemo ded
Quice corvecty Siandend 120-277V corstert canert driver EGucies 010V wsiug
aernng Power Bagooe > 3 Evar0oncy babiery 10TA CP-10. Emergancy outpas - 10 watty
o 90 mruses

Ladbols
UL and cli. wsted Sutable or Dey of Damo LOCANONS. MO00r Use Oy,

Finsh
Polyester powide cost ppsed Over 8 S¥lage Dre-buatmet

Lumen Maintenance
LT0 & 90,000 Poxrn

Warranty

LED syalonm sated i Coention o) Atnt arrveormmants of 10 25°C 5 yane knieg wasinty

PERFORMANCE CHART

T T R S o
s 0
125LF 8 50
Famn Lens Z50LF 1" 590
SISLF Fal 1453
BN 38 2475

Pt Bt LLE s B 40 & Ot A o b sl M s ol
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ORDERING

Luminaire Series
Seom 2 LED
Shialding

Flosh) Satie) Lo
Nominat Cutput
125 Lumena per foct

T e o LD G & W)
250 Lumens per foot

375 Lumena per foot

€25 Lumens per foot

Color Temperature

000K

S500K

A4000K

Matis Whee Housng
Luminaire Length
Somcdy s arow wrgth
1 ncromorts

L R L I LI

S48

53

g2

gigemgg 888

ic

Al

R e B R e )
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accolLED* pevject type quansity

Yotal Lumens Delvered: 2236

Total Watts, 38

Lumens Per Wati 58

CRi: 80+

Dwae: Nichia 757

60,000+ hrs

numbers based un a 4" fliclure wilh dust cover

Optics

Additional integratioos Selections

Lengths: Mounting:
navyslandars nomnal iInsvdusl lesgthe 5.0 T ¥ 100 1Y wall blecks
nominal 1ows longer than 24' .
exact lengths to the reacest 100th of an nch SUSIom mourtng
Options: f v
forish window mulbca moat
Al span mourt
patiomns
Design-Assist £ Tusiom angles
DACUSe J9RON FEEE MAAM MANARES yOur LINue Propct ¢ proose longihs
v wallto sat specihcation
r My g welded coeners, sandod smoath 10 shimnale Sghi ‘eaks
r Nyt cormars with miered lonces
£ SOAMESS rANSNoAE DEtwonn SOCANE ANE VANDUS MOuUNtng typet
Cross Section
2.25%°
2.257
Avallable Light Platforms Avallable Mounting

i 1 ==

i
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88 integrations

Linear Dimensions:
Stangard lengthe bk are o the w MRS ApeC shaet AS
other lengths shoud be specied s fotiows

Neasoadl Row
Actual longth will Do Shoner of 1040 U 15 Med: amp BNge. Lenging
over 17 are comprised of muliple sechons

Examples 8 nomany’ S48 row begns as ACLIRSS. » 70 ndradial as
ACLIRT

Exsct Row

| Spealy oversd length v inches ‘0 the neaves! hadudh
Choose when axact lengths are requved as wod by spaca
constrants eic

Sutvninials requced Lengths ovee 12 ade comprised of muliple sectons

Examplot 0n cpcf 548 tow Begne o8 ACLIMELE 00, a N advidaal s
ACLIMBEL.00

Pattors Dimensions:

Each p contane a optca’ platform engineered for
grienum gt oulpod and ever disdnbuason

Pattorn

P___x___: Specily overs lnogih of each section o inches Io ther neavwsl
Choose wnen mutiple angles are necestary. Submitias roguited: cortact
our denigr-eswal loas und sutedl gy with
lengths and angles requred

Ecamplon an scnct 548 secton wngheag into o TS section. begns
ACLAPE48.00234.00. Contaus win ancthet “x___ " for subsegquent
oocticos

Lamping.

srunm »60 000N LED Ma. Tested 'o LM-70 and L3O See
wotiagedumen 1abie for spechcatons ser foct AN

! \mnmwwm Buf wes high-

LED=- | parformance Ncin® LED's Heat mync desgred 1o ensure

plepet pocicemance LED Boarts o replaceatle. buit o
wwmmm Soard positicniquantity to te determined
by

Drvver:
Constant Coment LED Systemis.
Inhecert dmmng

Power Facior > 50%

90'C case ratng

\ hot oreut al
<20% total hatmonsc distortion
Lxtreme low-temperature pedormance to <40°C
Sound rasng A
UL/CEA Listed Class 2 rsang
1PGG rates

Ursversal 120277V

Output
L8 _:LEDeswadoutpu! 500 vwM 5 watah

LM LED high outpet 1200 v 10 watts®

Color Temp:

DUCAY i standarst: S0+ is avatable upon request imedt o
29t fumbet for color Jemp ater e LED
nomencatole

30 = 3000 K

35 = 3500 K

L40= 4000 K

Coosut lactory for spacial order color temperstaes

Mounting:

WM Mélos ghamum Blocks 8'e ubod 5 Mout fivturo 10 wall of window
-u.on Choose 172" or 1" ceep ADA complant 12} biocks provided per
!:ame largths 0% or less; (2) Dlocks per 120t

” Sranciaed Y/l power Typically ruea Teccgh Dace of Doveng B specil
powerfeed block nto wal

Window Mulon Powsy Typcaly nns Uwough specs endcep o adacent wal
MMmmcmr«dnwusmﬁmmMu‘" Notfy
o SeBgnN-asest Meam 4o wind apol may be regu

Finish:
£

ikaly aophed poede” coat bresh

Construction.
B0% recydiod shumnum axiruded housng  Prececn miled endcacs

Listing:
UCUL Dasg or Wet Locaten

Wet Ladel:
Specily n Opsons. Lens reguired

We! Label sandands ACLS

C FEFETT ]
fature s gmbeled on endcains with delfled wosp holes

C—=m==—1 ]

" fture is paskated on endcaps, 3% all joinng sechors.
wits rEed wewp hiies

Family Luminaires:
#ceolED2 swagandes'wal atecl EDS siapindedceing’

=
D4 wall G% winh, E4 wil

wn alantacem

a'lighr

135
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accolLED* project type quanhty

Seres: ACL4

Cwmension; Mé
o stomdord Megtns mondadie sne slormnts’ spociScaton shew!
NOTYE INgEn [ageciy gt i foxt L
oxact Mngth (5ecty w0gT It ches 10 T Neasest | 00NN M___
DOREIT {acecdy wogh i exches to Tw faasest 100h Px,

San0a'd wal sount

wall mourd ocks 1

wol oust iocks 12°
BDotiom mount

Al aper

custom

LED standard ouapee
LEDO high outpat | LY
LED Yomp: &

30008 3
IO 35
A0 40
Voltage: 2
wnrversal 12V - 277V v
120v ]
aFwv |2
Distrisution: N
symmetnc L
symmatne wal granng ‘| G
AsyTTIRtC N
Optics: D
OfRninG s (2]
Cloar dust covor [4]
HILO™Was | H
WISP™ lena s
Finlen; !
& igrtanum™ T
ST whie w
ain tack a8
oher - specrly RALS o
Cusiper [
QOptions:
33257 estrusion hesght ogion ' 3
drmng - 3pecly masulectirer model'senos and vorage 1]
ENEpenCy - speoly model'seres o Lmans | E
ederralusing | F
engiciesn Y| M
new yors afy code N
natatorum apphcasor | X
wet labe ‘| Q
mghtendcapfens | R
foh) andcip foe: L
Legena:
4 Emwgency Dataet NGt ApEACAte SN MAGINE 2% G e
2. Maborosting sbrst mel)-Crsuting 19gurements Jurng Saital pracess
2 Lavk i e deed S wne i e o natelocken locators
4 Sywmen o Wk Traze e @ snghe DOV N Croms seTTen
5 Not svalabie 50 g rect mal moust Bt crosse MY NS o O sguntng ogton
-mlegrlhon: o alytds con 4

Varsies | Noe 2004
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Date Type

Frm Name

Project:

eW Fuse Powercore

1 ft (305 mm), 12.5W / ft, 4000 K, 10° x 60° beam angle
Linear interior LED wall grazing fixture with solid white light

With narrow and medwum beams of intense
white light, eW Fuse Powercore is an excellent
choice for a full range of surface grazing and
wall-washing applications. its uitra-compact form
factor permits installation in tight spaces too
small to accommodate corventional grazing
fixtures. Meets or exceeds the performance of
comparable Inear fluorescent fixtures while
lowering installation, energy. and maintenance
costs. Offers environmentally-conscious buyers
a green, energy-efficient grazing fixture with
industry-leading light quality and quantity.
* Lower cost than comparable fluorescent
grazing fixtures — With leng uscful source

* Support for multiple voltages — Accepts
power input of 100 - 277 VAC for consistent
installation and operation from line voltage in
a variety of locations,

* Dimming capability — Patented DIMand
technology offers smooth dimming capability
with selected commercially available reverse-
phase ELV.type dimmers.

+ Simple installation — Powercore integrated
power management technology simplifies
instaliation and alfows leng product runs. Easy-
to-install 4 fr (1.2 m) mounting tracks aliow
quick project setup in lincar applications,

Ife and low-maintenance operation, * Easy mounting and positioning — With end-to-
eW Fuse Powercore represens end locking power connectors that can make
2 cost-effecuve alternative to 15@
wraditional grazing foxtures. 3% me G )1 | U
(305 men)
* High-performance illumination ' i
mdbwnqmlky-—cw Fuse i _-L:‘_ 'E- ::__J,.:
$) mm B

Powercore is avadable in 1 ft
(305 mm) and 4 fr (1.2 m) die-
cast aluminum housings with 3
10° x 60° or 30" x 60° beam
angle. Interfocking connectors
accommodate end-to-end
placement without visible light
scalloping between fixtures.

* Multple color temperatures ~ Avallable in
2700 K, 3000 K, 3500 K, and 4000 K color
temperatures for applications caling for warm,
neutral, or cool white light

* Integrates patented Powercore technology —
Powercore rapidly, efficiently, and accurately
controls power directly from line voltage,
climinating the need for an external power
supply. Contractor-friendly installation
deamatically simplifies installation and lowers
ol system cost

28

L < o -j.:,“'*“ : o

180" turns, eW Fuse Powercore fixtures are
casy to position in even the most challenging
mounting circumstances. Fixtures rotate in 10°
increments through 180° for precise aiming
and color mixing. Optiona! mounting tracks
support vertical and overhead positioning. 1 fo
(305 mm) and S ft (1.5 m) jumper cables can
2dd extra space between fixtures.

For detailed product information, please refer
to the oW Fuse Powercore Product Guide at
www.philipscolorkinetcs.convis/essentatwhite/
ewfusepd/

PHILIPS

137
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Specifications

Due 10 comouout improvements and imovatons. specificanon may change wiarout notce:

e Speofication

Output CRi

Detaily
697
581
B4

50,000 hours L70 @ 215° C 37,000 houn L70 @ 50° C
$0.000 hours L5 @ 25° € 80,000 dours Lso @ $0° C

100 « 27T VAL, suto-switching, 50 / 60 Hx
12.5W maxirmeem st il oueput, seeady state
¥ @ 10V

Final Report | April, 8 2015

Photometncs

11t (305 mm), 125 W/ 1t, 4000 K, 10° x 60" beam argle

§ 3% 8
18IS 22AT .
>

5

o Compasble with selected commercially realable reverse- . ou . e
Control phase ELV:type dvmmersy [ - T
Dwmension -
(Heighe 2 Width x Depety 20 x12x 150 (53 x 305 x 39 mer)
Weght 0.98 s (45 4 wx
Mousing Ore-cast sluminim, white powdercoaced finish ox
nHas
Lens Pedycarborare e
Fxture Commections Ietegral male / fermale cornecton »a
Phyical A0 < 122°F (40" - 50" C) Operaong an
Tempenioure Ranges A -2 (20 - R C) Sarng
40" - 176" F (40" - B C) Staeagn ko s oo ot
Hamidey 0 ~ 95X son-condenaing
To cakcutate fixsere run lengths and total power Lumens 697
IS Ry U W?gﬁwwn EMcacy B IW
comiseppertimel_tool/ For hax muliply & by 107
Corthaason  Cortifcasion UL 1 UL FCC. Clasy B, CE. C-Tick, €CC
and Safery Ermreorment Dry / Dump Locasion, 920
.
Coke wrpmriem conlo oo CCTa s ddeed oA (@ (€ (@ @ QRTIBLN | FOWERCORE | DIMAND
I Lumen mexiurement comphes wieh 1ES LM-79.08 teating procedures.
;m-mmmmmmmwmummm-mm Fixtures
mm*mmmiﬂdwm‘ Dera b
© d. Lumen ol mhﬂmmmmwwlﬂ) : Beam
sourze manufacturers. Caloslations for whiee-kght LED fivnures are based on measuremenes thit comply e Angle Room Number Pallye 1ING
with K5 LM-80-08 1norg Fefer o philprcolorks Vwppcrtiapprotesim-80-
vt A w Lisoosmey 10" x80"  S2-00008508  s105m3r01717 |
§ Refer 1o wwwphiig Isupporeiappiceens for pecific detus 700K W x 6 S00005-12  F10503701721
1R 005 mmy 107X 80" S2300006505 10503701713
000K W x 0" SHI000065-13 910500701722
TR0 mey 107X 8" 52300004510 05007719
Accessories B0OK Wk S10.000065.14  NOSTNT)
[Toeny Type rom Nu—ber Philps 1INC TR0Smm) 197X 0" 5200006511 HOSNTR
Leader Cable with W/ L W0k m 108-000047-00  $10503700572 0K MU 60T SIL0000315  WIOSOIONT24
Cormismcr aed strale colel  CE 7 CCC Wh3m H8-000047-01 10503700573
Wiring Compartment A% (1 2m) 10" x 60" 51300006514  TIOSONT0R6Y)
A el WL/ 120.000077.01 O8I 700994 2000 K Wt % 200621
7 i 1505 mm) 10800004800 910503700574 k12 m) 10° x 40" 52300006517 910503702518
Sk(15Sm) 108-000048-01 NOS00T00N7S MO0 K 30°w 80" 5100006521 910503702622
: CEioce TR mm) 10800006802 910500700976 ak(2m 10X S2I000065.18  F10503702617
Sk(1Sm 10000004800  NOIITONTY BoOx 30 % 60" 52300006522  F10503702623
Terminacons 10 7 box 12000009900 MO0 ak12m 10" x 60" 523-000085-19 10503702620
Maenting Track, White Quantity 1 AR (1219 mm) 12000012400 910503701787 4000 K 30°x 60" 52300008523 F10503702624
Use lteen Nusber when onfering in Noreh Aserics
P Color - Copyrigrz © 2011 - 201) Prion Sk Suma |greny Schaon Inc. AJ g A
ey - - gl =2 - e
3 &rinran‘hbod'. Drove Ovompore. Owomase. CF e T ogn Coutr o, P Cony K G0 Confitet.
/4 Buringion, Massachusetts 01803 USA Covriae. CoieyRrat CobrCrase, CobryPiay CaierRasch, WY Reah, v Bt 4V Tt
an Tel BB3 3855742 Dt Evsrtid Wihvie. eW Ciser Ccer Cove, basliiWhatn, AN P, Optitn, and Psamrtore
’VE Tel 6174239999 ¥ ortte regetred M admards or tradearta of g Soid St Lgttryg Sohbors e
\ 3 rmenmom e s s e e
wiaw DS IO knetics. com OAS SECAITON Tl R O NOe DASO0O0TS-07 RO5 0F-13
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FOCAL POINT

DIMENSIONAL DATA

Grid Ceiling Shown
oM
\
]
.-4——%!
— e
1 185 dmer
848
164 S
) > 39
0% Bren lo—==C -
SV B
3,90* min / 3,05 max : |
N -
0N Qmery Q7 Brwy I
I LL '3 L
4 00" min 7 430" man
I -
RPN 101, 6merV1 10, 7 v
Mounting Details
" ywal
§m '

FEATURES
watiape LED siot provades glowing transation b
wal and cenng

Frosted lans with lingar micro prism patiern obscures visiblity

to LED's and provides continuous, shadow-ree illuminason
Housang creates 3° archutectral siol
Premium LEDs operate officiently on a solid-core module

1«

reliable cperahon

platform 10 achigve excelient Iharmal management and

L0 at 50,000 hours

PERFORMANCE

UCT QVERVIEW

Lumen Ouput 1200

Wazage ZIWpae &'
LW b

SOCM 3

Lumen Lo ®

Maintenance 50000003

4’ Luminare
Delivered Lumens: 1207Im
Torsd System Watts: 22 4W
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DETARLS ORDERING
Lumisaire Serles FTRL
Tice FTRL
e M) Wi i Shislding AC
i b=} Fromad Acrylc Dihmar  AC
Nir LED Systom |18
' ' i) e s 1) Stanciwd Ouipnt  LLY
-- Coloe Tomparature i | I
aawe — 3000K 0%
vl { .'77:.'.:'.'7.'.'.'.‘:."‘ 500K 3sK
.__" Cirouits 1c
—r sscgniic s Singe Gk 1C
e it e rag Vol a7
- br e 120 Vot 320
- - - 27N 217
s Rt ks v S Oriver LY -
—— O30V Divrang  LDY
Mousting L S
Gia G
Drywad  XF
SPECIFICATIONS Factory Options.
LED System Emwogercy Coout® g
WMLLOWWMWJ&@*AW««M\O Flanged Erds  FL _—
A Mo o avinlable 1 SD00K, J500K o 400CK weth HLRGLA Fuse  FU —_—
L. ] 000-101 a LED module and drhver —
> mmmq wum.o Mo replacealin hiom s
Sadng Sieave PSSO
Constructon by
Ona poce 7 Mok LED mode Moueisg of estruded Yuminum 20 Ga. stedf ouler Finish WM
Pousng Croalng Toalng colng oMot K0 HORAS 1O SNt Ort with melin 20 Ga stoel Matio Whito Mowsing W
e Dutenens. 20 G 9100l AIING SO0V ANG COMOEA. £ LNt woght 6 e Luminaire Length e
Specty Uminaretow XX
Optic leogh in 1’ increments
Conseuo A Puminaton srabind by fnear LED modules stisided by rbbaa estuded ]
Sostod acnyhc lens 067 thick with coal saln finish  Datended outer housng provides cusol Comer Options
0 Aurreakec o
P0-degree Inside Cormer  FTRLAICS0
C $0-degroe Outscte Cornar  FTRL-OCS0
S 120-21 1V Crwer s hudes 0V analog detering. Power tactx > 9
Labels
UL andd UL et Sustinie 101 Dy of Dimng LOCRBONS. nO00r use Oty Scltalig for wood
O appicatons
Finish
Polyestor powcol coat aopdod over 8 5 utage plo Sreaiment
Lumen Mantenance
L7 &t 50,000 o

LFD mysteen tiad Sr DOANION 1 AMbert SOWIooma s 1D 10 2570 S yaae Teiad savranty

P Bt LLE rvwer v Do 00 Crurpm som Bouiin s A8 D0l OF Wegr meten . o s SR ony o o - ~ EEE R = T
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SATTLER E—

SOFT QUADRA MHousing' Abrriuen peofie, Ptagrased aon/de cover Fabrc cowng as & Ioh and scoustc dfme

LIGHT + ACOUSTIC Doigne SATTLER
£ 50 5
;I t !;,
'|. Il" 3
S Y.
S >..’,<
10 & 170 ] Wt . A v
4333 402/087 2081
Soe L eWatime rchen LEDWar  Larwn'  Wigre % Rt ’-u ‘u: Dewwy Rotsee  Poww | Moung
ol e
.
Sizes 1250 x 1250 x 80 492x492x31 &5 5100  15/331 802, |xx | sx xx xx  xx¢
1694 x 1694 x 80 B6.7 x 68.7 x 31 & 10800 17/375 814, . U X XXX
[Neulral-white ™ 4000K  (Stascaed) |+ o+ | B9, 1o +r  iv o054 » ]
@ Cold-white S5000K  (Opuonal) xxx, | O] xx xw | xx | xxx X
Warm white 3000K  Oproml) cxw. (O8] xn ax ve | xxs .
Extra warm-white 200K (Opsonal) TLL R
'm RGB color control via dmx ©Opronal) xxw, |60, 89, 00. sx  «x» .
RGO + Neutral-White [dmx) 4000 X ©Opsonal) XXX 60. 32 69. XXX ,
Combeatons up to two sinps of LED posssbie
Diidey e Disnmatie 0 - 10V (Stendeed) |xxx [2x | 89, 00, sn xxx | »
DMX Ogrional) xaw [ xn, | 39 00, x| xxx .
[CUTRON fcomtact factory) Opronal) FTNEETYER 4 S STT YT ]
Finishes
Standard) " 1Optcnal)
-t
-
Cable ‘I
5 Standard) | 270 [iOptons) zm zn2 zm
E o - e boie
: . .
< 274 l" 17‘ LR L L . 2 ses
§ comnge .t e
o
§ 1) Thee some b OUEAt of T W0 & WO Conmcionng T aonyic covem or vl ||Pz° |v_ :tx"’m
79 VORGPt (F WO wEROMT rnte WTRcM o O Oy
“ www.sattior-Sghting com * Custom sizes * Indwvidual fiishes ‘ @‘ wm-c‘.;r'%g
- - % '
% « Project-specific lectrical adjustments == ZZ’&: .
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SATTLER —

SOFT OUADRA Housing Abrrwum peofie, Pegrated aoryc Cov Fabne Coverrg i i Ight and acoustc (it
LIGHT + ACQUSTIC Design: SATTLER

1 ¥ i J
I I ’

LS 4
e

SN0 w TS0 S MR« WM e
920 802 /067 x 08"

A UD | Dy Trabes | e Mg
Mounting — -+ ki
Version ® \ \ Spom .
MMWGI'
ﬁ mrowed codry; (Standard) EAx '3 ) T T A
® S SOOI SUSOROEOn Wi
MW“' {Optonal) rax LA LA XA x T B
—
® 7'\
kﬁ wm 1Optonal) Xax e 'E 2 s s E
——— g
() H0mm /197 wih ooersy
ww" {Optonal) XXX (L | XE XX XN XX E
® mn.o’—om
- e Optonal) RN 'S ST T 'S AN H
AR 0, R = Dty of exteral power supgly und 10 S Fadurn msia, 30ee / 34°
B = Power sy und i cantpy Max saspension heght appnca, 2.5 brmes cmeter of igft »
ll I mm Ill Isﬂﬂn ’"r“ I LB ™ L ] “x ix LR LR R .
cable siiver, length 5000mm / 197 Complete ceder nomber
Dimensions of extorral power supply units 0 ooy Dimensicnn of canopies
™ Sop o /eeh For use with - Settnny ¢ ™ Sion o L ich For Lo we
v L W H Mosrteg Vrsen /-;>  cover plate ¢ ocy Mourtng Verson
¥ e~ —
*l ‘l‘ DEF 30x30x S8mm/MJx 56332 AG A > D820 0403w /NAAT- BEH (0mm)
e 3 Ocowpiis DRI OO0/ V0w (T4 125 BEM (1Hddmw)
Canopry Timisdh; white (11)
contnzt tactory loe other finishes

USACawde Cormpy mounts 10 4" octagonad jenction tos.

i

IOUT VORGE0 1O W SNBNT DOWEE SUDDYY LOs and canopes s 120 / 277 VAC 50/ 60 Kz

B Do watend bumen ouut of The igiis b wilout commderng T sl covers or seflecton ’lpzo -—! ::, -
) W of ighes wihout recce Sechecl Ul or Sacepy i
wwwsattior + Custom sizes + Individanl finshes @R | Cotewe a8 1w
Bhting com @. | Crtatutsasmcr

* Propct ¢ aheCtneM sy — W

2
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OPTICAL SYSTEM

Eleven preset dislribution patterns aliow desyners Lo schieve v ious cbjechves.
Sell-Sanged sem-specAat of matte-dilfuse, metal<iod wer refiector utilized
in combination wath 2 Sighly transmissive ens

Patorsec Bounding Ray™ Optical Praciple design (U5, Patent No, 5.800,050)
provides 45% out-olf 1o source and sturce mage for 4 smooth ranution from fop
of the reflectior to bottom.

Fred ieterchangeadie optics.
CHANICAL SYSTEM

Lt engene a0d O iver st scomssdie Trom stowe o Delow oeling.

16-gauge black painted steel mounting frame with C.chunned mounting bars
Inciuded. Postnsallation adjustment posable trom sbaove o below ceiling
Galvantized stee! Juschion Dox with Ringed ASCEsS COvers and sorng Lech, Three
combination 1/2°.34% and cne 172" imockout for straight. theough condhat runs.
Capacity: 8 {30, 4201) No. 12 ANG conductans ‘ated ‘or S0°C.

Accommodates up to 1 V" thick ceilings

Paterded adjustasiy agorture allows 14" adjustmenss in M1 dwections and up
10 5% of rotation allowing post-istaltat On Ajustoants 1o ensuese 1im 10 trim
asgnment

EXAMPLE: 100 53 30/50 44% 200 120 £28

Aautoecoutated):

Lumisaite Type:
Catalog
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Numser  ICOSQ 400 4AR

Gotham Architectural Downlighting
LED Downlights

4" Incito® Square
Downlight

Solid-State Lighting
(US and International Patents Panding)

EUECTRCAL SYSTEM

-
USTINGS
-

ICated up 10 1250 tumers.

Scled-state LED light engine availadte in 2700 K, 3000 K, 3500 K or 4000 X
color temperatures. CRI: 83 thypical,

@ OLED SOLOIrve O- 10V criver Stancard with <1% cimmisg level,

eLED SOLOGrve DAL driver avallable with < | % Simming level

edoLED POWERZrtee DMX with RDM {remote dev.ce management) mailatie
wiih < I% uneeng tewel

Rated systerr |ife of 50,000 nours at 70% output.

Emotpenty Datiery pach with remooe test swich avatably

Fiatures are CSA cemfed 1o meet US and Canadian stardards; wet locanen,
Coverec celding,

Syear limited watranty, Complete marepely tomms jocated at:
wow,acutybrands comCustomerResourcesTerrm asd condiivns aspe

ICO sQ 40/30 4AR 25D 277
Senes Color temperature | Nominal lumen values | Aparture/Trim codor | Finish Baam Voitage
wose Fifd 2100 K 0 500 femens s Cleae (blank)  Semi-specclar L1007 10° beam angle 12
W 0K o 750 dotnns “®r Prwter 0 Matte dittuse L1500 15° Seam angh m
w 3500 10 1000 unens ANTR Wheat L 200 20" team sagh ur
W WK 12 1250 lunens R Wte 250 257 beam sagle
15 1500 nens R Black | 300 30° bean anghe
n 2000 unens S350 5" deam aoghe
B 2500unens {400 40" dean anghe
) 3000 lunens [ 450 45" bean gl
(550 557 beam angle
60D 60" beam anghe
L850 657 beam saghe
Driver Opticers
(24 eielED SOLOdrive 0- 10V dimming driver. Nimvemem SF Single fuse NPSSRE olight™ downing pack conteols O-10V c/del ED drivers.
dinming lovd <1% TRW! White paieted flange NPSBOEZ ER' alight™ d mwming pach contels G- 10V eldal D drivers.
EDas ekl ED SOLOrive DALY dimming ¢rivec. Minimum TR3L Biack pairted flange ER conlrols fndures en enesgency oroul,
dimmisg leved <1% one Emergeacy tottery pack RRL FELOCY-neady minaire consectors enabh 3 sinple
EDXE kol ED POWERdnve DVX with ROM [remate devce with rassote st switch ané consistent factory instalied optos acosss a8 ABL
nasapemet). Mininam disming level <1%. (13 Chicago plesun Jurrinaire braads. Refer % 2R for complete namen-
Includes termination resivtat clature
KOS0-4-07EN CORUAN ARCHITECTURAL COWNUGHTNG | 1800 Lester Road Conyers GA 20012 1 P RROJISA3ET | pitasiigtting com

PASE L OF 8

© 212005 Aowty Suads Lightng e A1 gty Retmnd ey DLUI1S. Speufiatuont tubiert % (Savgn witoot sie

 gothanr
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4" INCITO SQUARE

Open Relector @ gotham

Sold-State Lignteg

| All dimensions are inches (centimeters) uniess otherwise noted. |

f—— » —o

- 1299}~

» LUMENS A
m“‘ . m:l;fig u3) U3 % 1000 611521
Overlap Tnm: 5-1/2 [14]) Up o 1500 71178
Above 1500 212031
E |
LUMERS WATTAGE

08 8 ccr FACTOR
750 12 2704k 0338
1000 7 1000x 03n
1250 18 1500k !
1500 3 4004x 1235
2000 n
2500 3 ‘ —
3000 42

WallPed stations Meded namder Occupancy sensors Wedel number
Qi 1PO0M fecher) Snal mobon 160°. codieg (PR / dcaltecd)  oCM G/ nCMPOT O
OOt & Raiselower  nP00M OX [color] | Large mation J6)°, ceilng (PIR / dual tech]  oCM 107 oM POT 10

EU/ELR AVAILABILITY / COMPATIBILITY ~ haitia! Lumens Geaphic Tosthserems 00D GAX [eokat) | Widke view (FIR / dux tech) oAV 16 / oWV FOT 16
Photecell coatrols  Moded namber Wall Switch w/ Raisetower (PIR £ dual tech)  oWSX LV DX / oWSX POT LV £X

: al OWOM & Dmming  nCM ADCX Cat-5 cables (plerum rated) Wedel member
Profuct | Lemees | Wamts | oo | EIR 10, CATS 1061 CATS 10T 11
e ey B ey B 15", CATS 156 CATS 15FT )

a ORDERING NOTES
1. Not avallable weh finshes, 6 Nt required for BR reflecice.
2. Ovy available 10004m and betow, 6 Nt specify 120 o 277V, Nt available wn 347V,
3 Notawilablo wih ELR emergency option, 7 Above ceiling access required for wse with ELR option,
4, Notregaved for WR reflector, 8 Foruse with genesator supply EM power. Wil require an emergency hot feed
and normal hot feed
ngtham. SOTWAM RRCH TECTURAL COMMLIGHTING | 1400 Lester Road Conyers GA 20012 | P 3203158982 | qehamiight og.com RORORE 3

© 222013 Aoty Seancts Lighting b A8 Rights Bt Rev 010015 Spmudcatums satpc| 30 Chunge st solce PAGL2OR Y
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The Big Ass
High Bay LED

Features and benefits ' " \\
o P X q T ' wa 1 * Lot ; \k'«
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SN P

Ordering Information

Ughting Series

20,000 Lumen Model

115 4

0.9 -

| CO: No O Aerah cabsls 108 (105 = Y None
| ). NS cord DCCUPINCY:
0d 40000 Qo2MV | N A or N cable, ¢ 1600 oy e B as
oA MY | 200 20000 [ GROM3 Ot Phota, with
% S000K | 02 347.a20V | 02: Reg OF Pendort moune, 1) in (127 mwrg AT g
K e E05m
| 03 Wioe o4 P Moue (905 INPT
| gy
" >

Light Efficiency’
High Bay LED Sevies

20000 Lumen Mode

Powes Inget
Dvmming

108 iumorm. watt

Sensces Spticeal pee

Redabisty

Environment

Comtrection

Maintenance PO

Temporature Rating

Warranty

[ ’ v )
Vao > -

“w . [

e ~ Ho .

oo
tool

e

Extruoed anodinex

2093 10 umen malvenance tr

A remaie

Ahaminum Nousing

VL=
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typs SUBNLTY

Optics

wispm™

sannor

Acditional Integrations Seloctions

Lengths

no-alareland

nomnal 1ows ‘enger Tan 24

2521 angths 20 the naarest 1008 of an nch

Optons

MR corfgaato

oUstom ~ourting

precse engths

WINZOW MUsom mourt
WA soan moune
patierrs

LY , *

Qasign-Assist J-welia Ve o e » . . ’
ISHOoUNe deng -t DaaT mANSges Yo PIGUn propect ! =L ! e
Mounting ' ‘ | . 135
will BISChs O Set o Sraceety - 55 11Ny tat pee 3 9
Crons Sections
MoBgie contQurators wWaate - ANTENG V0w
P PR p— oap—, YT oy
»” - !
I roron 2 »
14 1._4‘»— 1 R S r\‘-,..?); 1 "< “"L)'. . T
y .1 - P - | 4 _r

{ i ...;..’--
. e aw "
e
~ -
-

Avadabie Light Platforms

LEp== | TS

= ‘ﬁ'cul"v!)l‘ﬁ

Availshile Mounting

- - | . =1

waw RN com
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88 integrations

Linear Dimensions:
Standerd lengths avalatie we located on the ‘elements’ spec sheet. AJ
othet lang®s shovdd bo specied as olows

Nominal Row

R_: Spocdy i nomwro/ foetd

Choose when nomaal Bng™ is accestable

Actust length wil be shorler or loager due 1o mein: mp lengtha Lenghs
over 12 a0 comprsed of mutiple sectons.

Examgies: a nomvad 540 row begns as DER54. a Th indwdusd as D4RT

wmmnun

: Specty i nomeoal feet
Choen | langn is o and we | -
wwmwumuwmnomwm an
over 12" are comprsed of mutiple sectons win mnimal endcaps jonea
Vg Wt ratad connecion (try othars)
Examgies a nomenal 540 10w begins o D054 & Th ncisd.al as DAGT

Exact Row

M___: Specy overall lengih i inches 45 Me searsal Aoriedhy
Choose whan exact lengths are requred as determined by space
corstr s wic

Sutmenals required Lengths cver 12 are conorised of mudigle sectons

Frarrplon un eract S48 row begos as DIMGAS 00 & 71 ndivicunl an
DAME4.00

Pattern Dimensions
Each patiem contens a precessondormed opocsl plationm engeeered for
marium g outpat and even dislnitution

Pattern

P___x__: Spechy ovart! magth of sach w Inches & thm «
Auncredth
cwmmwmnmsmmmn
Ut desigrrassist leam and sutmdt arch gs Wi
longihs and angies rogured

Cxamgles on exoct S48 secion arging nfo 3 TR sacton begins as
DAPEAR 00284 .00. Continue with anather “x  * lor sutesduent sothona

Lamgping-
LED Sﬂmm >00 0COtr LED We Testad 15 LM-T8 and LM20. See

71 &vtmuamnmmmmwbm
Low-proSle ow, d or Bigh power
Iy, IPAlBnt $1501 SOURS MIBNG A INNevert tharmal prolection,
n b UL dsted Cass P <30% THD Specty ¥ program stan o
meaal : 4

Maunting:
Standard Wall Mount. Fuiure mounts doectly 1o wall Power cornects
’q Insize focture weng BX or MX style weing. ADA compliant

Mited Blocks. MBec wurmnum Slacks #e wsed to mount e 1 wisl o wndow
mulicn Choose 38", 12° 1" o 2" deep. ADA compliant with 38" o L2"
l u;nchmmswmdwﬁmm lorgths 8% or loss. (3) blocks per
-l 1
Stanclacd Wal powor typicaly nens through Back of housng and spoc’
powefend Siock into wak

Window Metvoo Power typically runs through specal endcap to adocent wal
Chooss RGht of Ledt End Feed n Opooms (s viwed facng fature on wal). Nooly
CUf design-aasal toam Or window MJkon agoications « sbmitals may be regured

Hartzontsl Set-Of Brackets. Fixdure mouots vik 17 of 1727 set-off bracke! 1o Mnge
s gang box (by others) ADA compiiand with 1127 setof (2 Beaciets
% provded cor longth up %o 121

mm Flcture st 0n cove, shell, beam, mudlon o cther Power connects
Ingide future using BX or MX style witing, typecally Shaugh eusing tack,
mmm e cptions may inchude erdfed, power
mwﬂdhmu via poweorcord Bough top of Rouking cosmut

| factery

ruls”n Fixture spans rom wall-to-wsld o oiher obpect Lfizes endioed wih
at4n Drockets of sach wal Conter sUSDESON Cables roguired o0 Suppart
IHonge: than 18 Indivdus locies. w3 & wingle logth exbtuson kg
mizwbw mmwmwtmm
dotais - susmvzals requred.

Fimian,
Electiostaticaly apphed powser cost Ansh

Optonat MRI housng Configurason is specialy bult with all nonderrous masenals

Listing:
VUL Damg o Wet Lacason

P &

P Luminasres:
D1 mapecdad. 02 saperdediwal DI sagandedicmdng'aall DI d Do
recessed

Legend:

1 Enegenty BeNas 00t MoEhoadie OF AgING MU Ot e

2. AT TERENG Sl T MU (E TN TOTATNTNEE 3T AW pICeNs
3, Sandard oot o 2ppet F5.J08 with menerat |7 Sametet
4. araers oioupency Metace wih phctocet Waltalcpper F 5208 wited or daygt
hacveriny Rocures 0.0V dewmeyp tolasl

T requres Weger hovaing 3-1/7 3407

Thicrascent cndy Not avalabie with stagoesed o dul lampog

.-

234 waw Mghie o

P, Loms b recuetecd Be une 1wt O st e Boatons
0 Stegoered lageng ol ietanmesded wih HTLO™

8 Stegoered lrnging nat wealaldn o0 lengihe e thas At BN engih Lnes 300 e
LN Gves 300 ang J A% g

10. LD condguraston sums () 200 Ss n Ooes sechon, doubing umen culput
1. LED o fuotescost 1 amp o crons Sectin. Mol armiatia v 18500000 or dew
svory

a light
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project Hype

quantty

Saries: o

Dwmansion: RN

for standland Aangdlys avadnbiy see 'voments” apeolosion sheel

damp jocaton norrengl longih opecly gt nlee) | R
wet locanon nominal length apecty wegtintests | G
Axact leng® (somcrly Magih i wites ) e et 1008 R~
DANNM [pecsy lpngth im wches 5o nearesl 1008 P
Lamping: LH
LED sandsrd outout | LS
LEDrghouput | LM
Tac1) | S
TS0(1) L
5@ | ©
150Q) | ©
TS staggered *| 2
TSH0 staggernd *| 4
TE(Y) lowoutput *| TEL
T8 (1) standard output ‘| TES
TE{(1)Ngh oot *| TEH
LED Temp (if applicable): 40
3000k 3
50w | 385
A00x | 40
Yoltage:
umversal 120V . 277V | U
10y 1
2y | 2
hETA N B )
Distritnrtion:
wymmesnc Y| M
wymenmine wall ruarg {neow eflectorn) G
asymmet i W sawcoth *| T
mymrretric wio samootn Y| N
LED nymematric ssymmetTc
2boerdth m oo T boand o crode
P | ey Wvera® | wamal  Arerat
s 10 1200 s 000
(L b e '"© 12

Ly o board @ 42008
Cirmt TLRae oo bs Iniiwad wrems

B e

38 integrations

interior

Spenng ens
chear dust cover
cma™ lans

MILO™ jens *
WESP ™ e
cusiom

sandad sl mou

wab mount blocks V'

wak mourd blocks

ol meund bioths 3B

wwl mount tlooks 12"
Bartzoctnl setolf bracket 1*
horzontsl sotoff tracket 172"
botem mound

S span

Custom

a lghtanum™

2350 whin

satin black

Tdured eggshed whis
Sthe - specty RALS
custom

dmmng - specly menulachueer modelseries and voitage
emegency (Sucrescert only) - specly modelsenes or lusens
waral futing
muthcos ¢
Pow york oy Co%e
OOoUPONly semor ¥
photocelbdeyiont sensor *
nMMorum agpliation
wet Labed
NoMt andias lood
eft endcap foed
MR Aousing corfguration

www alghts com
Vs | Mo 229

]

gn.x’oo
3 g

-

;rnoxvozt*ao?nonmg*;nyoiises
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Date: Customer:
Project: mkwunmrs“y Emmm Cenl_er sdux

Type: Gry:

Mé0
LED Direct

Order Code: L&0 1A3S 40 w F 1" SV 217
L&0 Serles L60
MAG LI Dot
s UghtEngine 1A3S'  1A3OV 1259  1A20 e
NUNRLN  FRTIW  ASEMOOW S #7 Fhcney wwmrorim pw we g |
e TxCE ot Sovm P foum peot St Walew memgnlede
(== 27 30 35 40
00 000 1500 4000k
Lw
Shielding LW
LED Optenied
whe lave
F Mounting € s RS we P C———
R Gwived Seem  Rig ey Wl MGt Sorioce Noures
DoVl Wit Slne £ AgI W | 7 VoM S SN e e
RN
11
Nominal 01 02 05 04 05 06 o7 08 09 W W 122 XX
Fixture th in . An R Al 7 WM &4 Wt i un Rrs Jover U b Corfigpentiors, mownd up ¥ P
w'h Fenlrest foct and epiots the “or“ Wi B £ Ja
ALY Faturen, Rarn 0nd CorNRur0! 00 dre P 2 A megtha 1) siiure Al even, 11 Aarminad)
Mumnaton See poger & #vu 8 Ay oddeioro’ ceroy
sv
finish WH BX sV Sp Cuoerm ulws ve ek
Whare o e Sgecity Fremem Cokx Poecw tone® foactory
an
Voltoge 120 a7 UNV
NOVvor 77 % 00ty 77
SoAlms rpmbie
Fixture o Fst ss? B
m‘ Oorplocaten e Pum Sepoere ow gt A W e ebiree
e ] St Ny
Dimming DM+ DML*?  DMD™ DC2v* DC3*" DCEV e 1 Al
Optiom WD ORN AELFOS IV ST Levor JWee Lemon i Lotwon o Spvtem et i b g
Lrey) f.ogaesmk] [ it ey
. Emergenc EC*
Op“hl Y trrergeacy Crout Merng o puge § b 0B bt e ten

Configuration IL90® Voo T90™ IX90*
Options LUz Morlyontal i w;cs-a LMt LN seten
"W Lo W Corm

Shew prge $00 A mepn ont werecone

AR
B 2 A A sy

Selux Corporation © JOMA, T 545.834.5400, S00.735. 817, F 8458545401, wwwaehs.us Foge lct 0
0 4 gy #n d T alien 1he Bt pradan | primaibie, wir st vw Up il o e, wivhaadt il e, spom Moo or srailariah Bt o i cpitems will red (Rev. 20
SHer 1he FancDan o Tha DAOCCT, SERCINCOTAIN Wre 11 400nd] T W vy Aebos ut QT8 T IMONT TECANS i S0f N Lafev O De U8 DTP W N LAT & S ITON < vaiuang W0 ey s vl
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M&0

LED Direct
B 7
3
(P1mesy
=

e 2" l.._.
(Séenm)
i :wl -
Construction:

Housing - Continucus, low copper 6063.76
estruded aluminurm profile with aluminum
endcaps, availoble a5 Indwduol fixtures {up 10
17} or Runs

Geartroy - Low coppar £065-T4 extruded alu-
rranym profile

Shielding - Extruded, impoct resistant acrylic
lens:
- LED oatirmvized white lens (LW)

Mounting(s) - 1/15" Awcratt Coble, DW/E"
Swivel a2 Rgid Steel Stem, Wall Bracket, Surface
mounting (see pages 3 thru 6 for details).

** Cable, Stem and Wa'l mountings may not be
symmetricol for Rurs and Configurations due

10 the use of modulor housing lergths, M sym.-
metrical sutpensions are requited placte consult
e focteey,

Standard Luminaire lengths - Al standard
luminoires are supplbed in nominat lengths to
ensure full, even, illumination, Runs and Con-
figurations ore ovailoble in approximately /47
Increments storting ot the nominal 127 fixture
lengsh,

** Individual lumingires cre not jeinatie n the
field.

Exact length luminaires - individual lumi-
naites, runs, and configuration are availoble n
ex0ct lengths 1o meet your preject neads. Fleate
congult foctory with your fequifemaents,

** Lons luminance may soften ot the very ends
af the stroight sectians for exoct lengtn lumi.
naies.

L0 Joiner(s) - Rurs and confiqurations are
supplied in multiple housing that ote joined
togather in the fiald using the suppled L60
Joiner System, This ollows ecse of installation
and ensures a unform appectance (see page &
for detail).
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Electrical/Performance:

LED Light Engine ~ &:and name mid-power
LEDs create o high efficiency LED kght engine
cble to provide a lumen maintenance of 96%
&t 25,000 houre and 5% at 60,000 houss per
TM-21 report

LED Life - Colculoted L70 greater thon 598,000
nowrs and Reparted L0 greater than 40,000
hours @ 25°C per TM.21

Delivered Lumens - Due 1o LED manufocturer s
tolerances the listed cutout hos o #5% toler-
ance. For outputs bosed on cilfarent shielkding o
CLY ploase see photometry section at the end,

CCT - Avalable in 2700%, 3000K, 3500 and
1000K, toleronce within a 3-step MocAdom
ellipse.

CRI - Min, 50

Al Drivers - High efficiency, constaont cutrent,
saft start, Electronic Class 2 with o PFC-050,
For more detailed information on the avalloble
drivers please see poge 7.

Thermal Performance:

Ambient Operating Temperature - Luminares
suitoble for Max. ambient temperature of 35° C
({95° F) for ol drivers, standard ond optionat

Min, amtient temaerature of!

-20°C (-4°F) for the Standord dfivet end cptionol
DML ond CMD deivers.

O°C (32°F) for the optional DC2, OC3 and DCE
deivers.

selux

Luminaire Finish:

Powder Coat = All Selux luminories are Finshod
in high quality polyester powder coating In our
Tiger Dryloc cestified fociity ond cre tested in
accordorce with tett specifications for coatings
froen ASTM and PCI,

All precucts underqo © twe 1950 intonsve
protreatmeont process where product is thoe-
oughly cleoned, phosphated, ond seoled. Selux
powder coated products provide excelient salt
ond humidity resstance as well o5 uitre viclet
ressstance for color resention,

Standard interar coloes ore White (WH), Blozk
(2K), ana Siiver (SV), Sebux premium coloes (SP)
are avallabie, please tpecify from your Sefux
color selection guide

Warranty:

S Yeor Limited LED Luminaire Warrenty -
Selux offers o 5 Year Umited Warranty to the
onginal purchaser thot the M0 series LED lumi
nore sholl be free from defects in moteriol and
workmanship for up 1o five (5) years from date
of shipment, This limited warronty covers the
LED drvar and LED light engine when instelles
occording 1o Selux instructions and operated
within the Ambeent Temperoture, For additional
detalls and excluslons, see “Selux Terms and
Condition of Sate.”

Caertifications and Complionce:

NRTL - For Dry ard Comp location
(LE cULus; cC5Aus)

ADA Complant

ARRA Compliant

RoHS Compliont

Selus Compoeotion © JOIA TAC-A54. 000, BOO-T55 8927, F R4S A3E- MO www sebus us

O CONTirning EMOrt 1o G The Datt SAOSUCT DOS IR, =0 Meloree THhe Hght 10 ChINge, WIthaut A, €300 PCationt o Matenal Bt N eul op Nas wil nat
@ the function of 5% product SPecSooninn theets Found 2% Wit 6L UL S0 The OIS 1600t Yerliont ond supsecede OF other printed or SRRCtranes vetuant

Foge 2 04 13
M, 112000
140 Clescr s o2)



Conley

Appendix IV | Electrical Controls Sheets

GRAFIK Eye® QS

Final Report | April, 8 2015

One Line Diagram

Blank
LOSWR-WH —:L—D LED 0-10V OW
@ty 2) ® G GRX-TVI(1)

120V
Circulation
LED 0-10V 152W
® T GRX-TVI(1)
277V
Large Sources
LED 0-10V 1218W
® 0 GRX-TVI(1)

v
277V
EI j Mesh Lights
PP-
v

120H LED 0-10V 954W
120V @ T GRX-TVI(1)
2717V

Cove Lights
El LED 0-10V 713W
® T GRX-TVI(1)
277V
Front Lights
—:L—D LED 0-10V 210W
@ o GRX-TVI(1)
v

277
v ,g’_;
L] E A
=
Line In GRAFIK Eye® QS
120 VAC). QSGRJ-6P-WH E g
=
QSWS2-2BI-WH

Wiring Notes: ® 2412 AWG (2.5 mm2)
V 3#18 AWG (1.0 mm2)

QSWS2-7BI-WH

¥ 2 #18 AWG (1.0 mm?2)

W 277 VAC Input Power

Lutron

0120 VAC Input Power

A Lutron GRX-CBL-346S or GRX-PCBL-346S

* Only connect 3 wires (Common, mux, mux)

Project Number:

Project Name: Oakland University Engineering Center

Page: 1
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GRAFIK Eye. QS

Bill of Materials

| Description Model Number Qty. |
GRAFIK Eye® QS Wireless Control Unit QSGRJ-6P-WH 1
Occupancy Sensor, Infrared, 2500 sq ft, active high, 20-24 VDC, white LOS-WIR-WH 2
QOccupancy Sensor Power Pack PP-120H 1
Power Module GRX-TVI 8
QS 7-Button Wallstation, insert QSWS2-7BI-WH 1
QS 2-Button Wallstation, insert QSWS2-2BI-WH 1

Lutron

Project Name: Oakland University Engineering Center

Project Number: Page:

2
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GRAFIK Eye. QS

Button Kit Engraving Form

Project Information
Project Name: Oakland University Engineering Center

Installer Company:

Installer Name:

Phone:

Shipping Information

Name:

Company:

Address:

City: State: Zip_____
Phong;—— — Fax:

Model Number:

Engraving Certificate Number: Button color:

n Scene Control

white (WH)

Lutron Electronics Co. Inc.

Project Name: Oakland University Engineering Center

5‘"’!‘

£ LUTRON "

Dept 309 engraving
7200 Suter Road
Coopershurg, PA 18036 Lutron Project #: P.O.#:
www.lutron.com
Phone: 610.282.3800
Lutron Order #: Page: 3
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GRAFIK Eye. QS

Load Schedule

Model Number:

QSGRJ-6P-WH

Phase Control Zones

| Zone Name Load Type No. Fixtures Wattage/Fixture Total Wattage
1 Front Lights LED O-10V 5 42 210
2 Cove Lights LED O-10V 31 23 713
3 Mesh Lights LED O-10V 159 6 954
4 Large Sources LED O-10V 14 87 1218
5 Circulation LED O-10V 19 8 152
6 Blank LED O-10V 0 0
Lutron

Project Name: Oakland University Engineering Center

Project Number:

4
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GRAFIK Eye. QS 7 Preset Dimming Control

GRAFIK Eye® QS with lid closed.

GRAFIK Eye® QS with lid open.
Actual colors may vary slightly.

Light Zones:

6 Faceplate:  white (WH)
Stripe: gray (GR)
0 Buttons: white (WH)
Unit: QSGRJ-6P-WH Quantity: 1

ifLUTRON. SPECIFICATION SUBMITTAL

Project Name: Oakland University Engineering Center

Project Number: Page: 5
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Conley

GRAFIK Eye. QS

Full-size Image

—
—
—
——
)
LUTRON.
Actual colors may vary slightly.
Selected Wall Color
% Affinity Colors:
Benjamin Moore | Fusion
Paints
www. myaurapaints.com
m..__w _Ir—u—umoz. *Actual color may differ slightly; please refer to paint chips for most accurate representation.
Project Name: Oakland University Engineering Center
Project Number: Page: 6
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[t
COOPER

. 2| available fault
BI.ISSII‘I(IIIII Fc |cur'r'ent calculator

Your System Details

Project Name: Oakland University Engineering Center
System Type: Three-Phase

Creator Name: ]John Conley

Creator Email: jonley8@gmail.com

Creator Company/Organization: Penn State

Creator Title/Position: Student

Creation Date: Mar 28, 2015 @ 10:31pm

\'4 INFINITE PRIMARY SOURCE

TRANSFORMER - T1

KVA 1,500
M Voltage secondary 480

%Z 3.50
%Z TOL -10% (Max Fault)

FAULT - X1

Loaise ary 97.279 AMPS
Voltage (L-L) 480V

CONDUCTOR RUN - C1
LENGTH 18 FT
SIZE 600

Q1Y
(per phase)

TYPE Three-Conductor Cable
CONDUIT Steel
WIRE Cu, 600V

CONDUCTOR

FAULT - X2

Lowarse azn 53,751 AMPS
Voltage (L-L) 480V

Created Using The Cooper Bussmann Available Fault Current Calculator 1.3 Page 1
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cnngn

CONDUCTOR RUN - C2
LENGTH 54 FT
SIZE 4

QTY
(per phase)

TYPE Three-Conductor Cable
CONDUIT Steel
WIRE Cu, 600 V

1

< CONDUCTOR

FAULT - X3
le,al s.c. (L-L-L) 14!049 AMPS
Voltage (L-L) 480V

TRANSFORMER - T2

M Voltage

KVA 45
secondary 208
%Z 1.00
%Z TOL No Change

FAULT - X4

llnlals.c. (L-L-L) 9;017 AMPS
Voltage (L-L) 208 V

CONDUCTOR RUN - C3
LENGTH 3 FT
SIZE 12

QTY
(per phase)

TYPE Three-Conductor Cable
CONDUIT Steel
WIRE Cu, 600V

1

e CONDUCTOR

FAULT - X5
Imlal s.c. (L-L-L) 6:462 AMPS
Voltage (L-L) 208V

Created Using The Cooper Bussmann Available Fault Current Calculator 1.3

Bussmann FC?|

available fault
current calculator

Page 2
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coofen

. 2| available fault
B“ssmunn Fc |curr‘ent calculator

Your System Details

Project Name: Oakland University Engineering Center
System Type: Three-Phase

Creator Name: John Conley

Creator Email: jonley8@gmail.com

Creator Company/Organization: Penn State

Creator Title/Position: Student

Creation Date: Mar 28, 2015 @ 10:23pm

\'4 INFINITE PRIMARY SOURCE

TRANSFORMER - T1

KVA 1,500
\MN Voltage ;. ,nqry 480
%Z 3.50
%Z TOL No Change

FAULT - X1
Ilul.al s.c. (L-L-L) 514551 AMPS
Voltage (L-L) 480V

CONDUCTOR RUN - C1
LENGTH 18 FT
SIZE 600

QTY
(per phase)

TYPE Three-Conductor Cable
CONDUIT Steel
WIRE Cu, 600V

2

CONDUCTOR

FAULT - X2
IlDI.aI s.c. (L-L-L) 481680 AMPS
Voltage (L-L) 480V

Created Using The Cooper Bussmann Available Fault Current Calculator 1.3 Page 1
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cooﬁn

CONDUCTOR RUN - C2
LENGTH 54 FT
SIZE 4

QTY
(per phase)

TYPE Three-Conductor Cable
CONDUIT Steel
WIRE Cu, 600V

1

> CONDUCTOR

FAULT - X3

| (L-L-L) 14,443 AMPS
Voltage (L-L) 480V

TRANSFORMER - T2

KVA 45
\M Voltage ...,y 208
%Z 1.00
%Z TOL -10% (Max Fault)

FAULT - X4
Ilmal 8.€. (L-L-L) 9,799 AMPS
Voltage (L-L) 208V

CONDUCTOR RUN - C3
LENGTH 3 FT
SIZE 12

QTY
(per phase)

TYPE Three-Conductor Cable
CONDUIT Steel
WIRE Cu, 600V

1

> CONDUCTOR

FAULT - X5
Lo sc. ey 6,853 AMPS
Voltage (L-L) 208V

Created Using The Cooper Bussmann Available Fault Current Calculator 1.3

Bussmann FC3?|

available fault
current calculator

Page 2
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KALWALL

high performance translucent building systems

LIGHT TRANSMISSION & SOLAR HEAT GAIN COEFFICIENT

FOR 2 %' (70mm) PANELS
(For 4" (100mm) Light Transmission & Solar Heat Gain Coefficent values, see Page 9.10)

FACE SHEET note15 % LIGHT TRANSMISSION note 2 WALL SYSTEM SOLAR HEAT note 3
COMBINATION GAIN COEFFICIENT AT 0°
EXTERIOR COLOR INTERIOR 0.53"U" 0.29/0.23 ]0.22/0.14 "U"0.18/0.10 "U"] 0.05 0" 0.53"U" 0.29/0.23 ]0.22/0.14 "U"[0.18/0.10 "U"| 0.05 "U"
COLOR note 4 "y" "u"

Greenish Blue White 25 14 5 3 14 0.50 0.23 0.14 0.10 0.19
Aqua White 29 17 6 4 15 0.45 0.24 0.14 0.10 0.21
Rose White 30 18 6 4 16 0.46 0.24 0.15 0.10 0.21

Ice Blue White 35 20 8 6 21 0.54 0.28 0.17 0.12 0.26

Greenish Blue Crystal 37 20 7 4 NA 0.53 0.26 0.16 0.11 NA
Aqua Crystal 43 23 7 4 NA 0.55 0.27 0.16 0.11 NA
Rose Crystal 48 24 8 5 NA 0.57 0.28 0.17 0.12 NA

Ice Blue Crystal 53 27 10 6 NA 0.68 0.32 0.19 0.13 NA
White Crystal 30 18 12 8 NA 0.46 0.24 0.14 0.10 NA
White White 20 15 8 5 14 0.38 0.23 0.15 0.11 0.18
Crystal White 35 20 12 8 20 0.52 0.28 0.17 0.13 0.25
Crystal Crystal 50 30 15 10 NA 0.65 0.33 0.18 0.13 NA
Crystal SWC White 29 16 9 6 16 0.47 0.25 0.15 0.10 0.23
Crystal SWC Crystal 44 22 11 8 NA 0.58 0.29 0.17 0.12 NA

s

Other combinations available.

2. Approximate values by ASTM E-972. Light transmission values over 30% not recommended for most applications.
3. AtO0°incident angle. Bold values are NFRC Certifed, others are calculated based on tests. Shading Coefficient (SC) is equal to 1.15 times the
Solar Heat Gain Coefficient (SHGC). Refer to Page 9.30 for complete NFRC System Values.
4. "U"Values determined by NFRC test method (ASTM C-1363, E-1423 and C-1199 or simulation at certified lab). Expressed as
BTU/(ft>h-°F) for aluminum grid / thermally broken grid, nominal 12" x 24". Perimeter aluminum excluded. Test temperature at 15 mph
wind (6.7 m/s): 0°F (-18°C) cold side & 70°F (21°C) warm side.
5. SW, Type A, and White High Impact face sheets are similar in light transmission and solar heat gain properties.

Check with Technical Services Department for further clarification. Since this table is of a very technical nature, please consult your heating and
ventilation engineer for proper interpretation.

Kalwall®

CORPORATION P.O. Box 237, Manchester, NH
(603) 627-3861

Metric U Value Conversions

English

0.53

0.29

0.23

0.22

0.18

0.14

0.10

0.05

Btu/(fth-°F)

S|

3.01

1.65

1.31

1.25

1.02

0.79

0.57

0.28

W/(m?K)
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Kalwall is a composite sandwich; various combinations are possible and test data should be interpreted from this point of view.
Contact us for further clarification. Listed below are the light transmissions, solar heat gain coefficients, and U-factors for some Kalwall
panel face sheet combinations. Others are available. Highlighted values indicate thermally broken panels.

FACE SHEET % LIGHT TRANSMISSION note 1 SOLAR HEAT GAIN note 3
COMBINATIONS 23/:" (70 mm) thick panels COEFFICIENT @0° «
EXTERIOR |INTERIOR| 0.53 |0.29/0.23]| 0.22/0.14]0.18/0.10] 0.05 0.53 0.29/0.23| 0.22/0.14] 0.18/0.10| 0.05
COLOR COLOR L e e J3d H? 2 “u” ur ” J” g
note 2 note 2 note 2 note 2 note 2 note 2 note 2 note 2
Greenish Blue| White 25 14 5 3 12 0.50 0.23 0.14 0.10 0.19
Aqua White 29 g 74 6 4 18 0.45 0.24 0.14 0.10 0.21
Rose White 30 18 6 4 14 0.46 0.24 0.15 0.10 0.21
Ice Blue White 35 20 8 6 18 0.54 0.28 Q.17 0.12 0.26
White White 20 15 8 5 14 0.38 0.23 0.15 0.11 0.18
Crystal White 35 20 12 8 20 0.52 0.28 Q17 0.13 0.25
Crystal Crystal 50 30 15 10 NA 0.65 0.33 0.18 0.13 NA
Kalwall 10¢- Kalwall -
Kalwall 4" (100 mm) thick panels
NEW Kalwall 100™ Panels for even greater energy performance! Lumira /

FACE SHEET % LIGHT SOLAR HEAT GAIN
COMBINATIONS TRANSMISSION COEFFICIENT
EXTERIOR [INTERIOR | 0.55 0.15 0.08 0.55 0.15 0.08
COLOR | COLOR “r “u” “u’ ¥ “° “u”
White White 20 12 5 0.38 | 0.06 NA
Crystal White 35 14 7 0.52 0.08 | 0.04
Crystal Crystal 50 1Z 8 0.65 0.10 | 0.07

U-value SI conversion: 1.0 W/m?K = 0.176 Btu/hr/ft?/°F

1. Approximate values by ASTM E-972. Light transmission values over 30% not
recommended for most applications.

2. Panel U-values include grid by NFRC 100 or 102. Certified system U-values vary depending
on framing.

3. Shading Coefficient (SC) is equal to 1.15 times the Solar Heat Gain Coefficient (SHGC).

NFRC CERTIFIED SYSTEMS: Kalwall systems provide the
best overall U-values as low as .10 (.56 W/m*K)! With light trans-
mission up to 20%. Includes perimeter system.

BOND STRENGTH: Panels and adhesives are tested according
to the stringent requirements of “Criteria for Sandwich Panels”
issued by ICC (International Code Council). ES-AC177.

Before specifying alternates, insist on actual field proof of bond

integrity over a 20-year period.
Caution is urged in accepting look-alikes as equivalents.

WEIGHT: Most panels and systems weigh under 3 p.s.f. (14.65
kg/m2).

FIRE TESTS: Although some Kalwall panels contain combustible
binder resins (ignition temperature greater than 800°F), they will
withstand a 1200°F flame for one hour with no flame penetration;
pass the Class “A” Burning Brand Test (ASTM E-108), or UL 790
listed Class A Roof system. All interior faces are CC-1 by ASTM
D-635. Optional flame-spread/smoke developed ratings by UL
723 tunnel tests, including Class A. Kalwall is listed by: ICC #PFC-
1705 and ATI-CCRR-0173; British Standard 476, Parts 3, 6, 7.
NFPA 268 — Radiant Panel Test-Exterior Walls.

Whenever reference is made to fire tests, the numerical rating is not intended to reflect hazards
presented by this or any other material under actual fire conditions.

IMPACT: The shatterproof standard superweathering exterior
face will withstand 70 ft.-Ibs. (81J) impact. Optional extra-hi-impact
faces will withstand 230 ft.-Ibs. (311J) impact by UL 972; also
small and large missile; resistance even higher.

The World’s Most Powerful
Daylighting System!

DoD and GSA
ANTI-TERRORISM COMPLIANT!
UFC 4-010-01
BLAST-RESISTANT CONSTRUCTION

SPECIAL APPROVALS & LISTINGS:

* FM Explosion Venting Walls standard 4440

* FM Wall and Roof Systems standards 4881 and 4471
* Hurricane-Resistant Systems

* NFRC Certified Products Listing

* UL Listings for Class A Roof System and Faces

* UFC 4-010-01 DoD Anti-Terrorism Specifications

* ETA-07/0244 Wall Systems

www.kalwall.com 11

164
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high performance translucent building systems

Skyroofs e Pre-Engineered Skyroofs » Sell SUpporling Ridge RoOTS
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Mr. John Conley
Pennsylvania State University
Architectural Engineering
University Park, PA
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MAILING ADDRESS
Post Office Box 237
Manchester, NH 03105

Fax: 603-627-7905
Phone: 603-627-3861

BUDGET
Estimate #: B103-0415

Project: Oakland University Engineering Center

Location: Pittsburgh, PA

Architect: Penn.State Univ. Architectural Engineering

MATERIAL COST

$30,700.00

Packed F.O.B. Shipping Point, Freight Prepaid.

We propose to furnish and deliver Kalwall 2 4™ translucent panel system for:
(3) self-supported ridge skyroofs 20°-0” x 8°-0” wide OCD flat (27.25°) with hipped ends

Notes: 1) Roofs are designed for 20 PSF live load, 30 PSF snow load, 25 PSF wind load and ¢ PSF drift load
with L/60 deflection.
A) This estimate is not valid if loads are greater than those listed herein.
2) Curbs must be designed to withstand the thrust load from Kalwall’s Roof System.
3) Price includes curb cap and flashing.
4) Price is based on using maximum number of standard 4°-0” wide modules.
5) For .14 “U” factor in lieu of .23 “U” factor, ADD ------- $825.00

All exposed aluminum to be Kalwall corrosion resistant finish color selected from Kalwall standard colors which meet
performance requirements of AAMA 2604.

Thermally broken translucent panels to have .070° super-weathering Crystal exterior faces, .045” White S-171 interior
faces, standard 12 x 24” shoji grid pattern and .23 “U” factor.

Curbs are not included by Kalwall.

Pricing excludes field labor, final fasteners and caulking between edge perimeter and building.

Pricing is issued in accordance with requirements transmitted through our sales representative Bruce Farber, but subject to
Kalwall details and construction.

Warranty: Standard (1) year, unless otherwise indicated herein.

wu/ Shoorcted

Billie Jo Quintal
Estimating Manager (GS)
CC: Control, Montgomery, Farber

Terms: Net 30 from date of invoice with credit approval.
Ne retainage allowed.
Service charge of 1 1/2 % will
accrue and become payable on all invoices

not paid within thirty days from date of issue.

This Quote must be refigured after 30 days. Delivery can be scheduled only on receipt of firm order and approved drawings. This is
subject to change without notice.

All shipments are F.O.B. our plant and State Sales and Use Taxes are not included. If Exemption information is not issued to Kalwall
Corporation, or on file, tax will be added to our invoice.

CANCELLATIONS: In the event of Buyers Cancellation of an order, Seller reserves the right to assess cancellation fees.

1 of 1



