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Introduction

Location:
New Haven, CT
Lat: 41° 13" N
Long: 73° ' W

Two blocks on Church St. between Frontage Rd.,
George St., and Crown St.




Introduction

Occupancy or function types:
Educational (E)

Size (total square feet):
369,000 SF

Architects:

Perkins & Will

Dates of construction:

2009 - 2012

Actual cost information:

$147 Million
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Introduction

Topics to be presented . . .

Lighting analyses—
Library
Roof Garden
Student Gathering

Architectural analyses—skylight integration

Mechanical Analyses—cooling |oad from daylighting

Structural Analyses—skylight structures

Electrical analysis—photovoltaic analysis
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Lighting Depths | Student Gathering

Architectural Concept:
P+W's “Interior Street”

Lighting Intent:

To support architecture through connecting
occupant to outdoors through imagery and
daylight integration

Recommendations and Code:
20-2afc Horz - a-10fc Vert (IESNA)

1.3 W/#t2 (ASHRAE std. 90! for Multi-use)
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Lighting Depths | Student Gathering

J

Lighting Implementation:

Task: Downlighting and localized luminaires in
handrail.

Design Concept: Wash on “white wall,”
repetitious organization of luminaires, higher
luminances at openings to guide occupants, and
LED in window-boxes mimic motion of light
outside.
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Lighting Depths | Student Gathering

Lighting Implementation:

To create light motion, a custom luminaire was
designed using the Color Kinetic Powercore Graze.

This was placed in window boxes.

The roof of the boxes were then slanted to prevent
stray light into bordering classrooms.

Rl R I

IFORM DUC ARCTIC WHITE PANEL

CUSTOM ALUMINUM LED
ENCLOSURE AND REFLEGTOR

CK POWE

GRAZE
CK POWERCORE GRAZE
LOCATED CN BCTH SIDEE
OF WINDOW BOX AND
GRAZE INWARD TO
PANEL
1 ZE‘ ¥
L]

STRUCTURAL BRACING
TOMETAL STUD FRAMING

ON BOTH ENDS OF WINDOW
BOXFRAME

PERFERATIONS INTO METAL ENCLOSURE
TO ALLOW FOR HEAT TRANSMISSION FROM LED
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Lighting Depths | Student Gathering

Lighting Implementation:




Lighting Depths | Student Gathering

Target llluminance Level Values:

10fc for It and 4t floors
20-25fc for other floors

lluminance Value for Passalgz (Fe) > lluminance Values for Face-to-face interaction (fc) =
FLOOR AVD FLODR AVD
1582 v/ [ g8V
2(bridge) B8V 2 1305 v
3 251 v ; 1205
1825 v 4 573
Meets Criteria? YES Meets Criteria? YEs

30.00

126.25

22.50

18.75

15.00

11.25

7.50

13.75

IMuminance (fc)

Third Floor luminancy

D90 u_l

Fourth Floor lluminance
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| Lighting Depths | Student Gathering

Lighting Power Density: PASSED

Alowable watts/ft? = 1.3

Actual watts/ft? = 1.19
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Architectural Breadth

Daylighting within SG:

Original design:
Clerestories above fourth level

Curtain walls on east and west sides of
walkway bridge

Assumed Properties:
Clerestory glass - .7% trans
East bridge glass - .623% trans
West bridge glass - .23% tans.

March 2lst daylight study
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Architectural Breadth

Reflection:

o Distraction in classrooms during hours of
occupation

e |Inbalanced and illuminance levels

o Penetration is minimal during afternoon
hours

Redesign Goals
* Lower overall illuminance level
 Reduce light entering classrooms
* Increase the light deeper in space

IS
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Architectural Breadth

Implementation:
 lower clerestory transmittances

Original Glass Changed

GL-1 Transmittance: .7, Transmittance: .al, SGH
SGH Coef:.38 Coef:.2a

GL-1A+B Transmittance: .623, Transmittance: .4a4, SGH
SGH Coef: 3 Coef: .20

GL-2A+B Transmittance: .23, Transmittance: .18, SGH
SGH Coef: .25 Coef: .20

4/23/2009
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Architectural Breadth

Implementation:
o Skylight addition

|
p—————— ——tD :-:,_':.3}-._._!,,————1\ Skylight Layout

Section looking south

15



Architectural Breadth

Implementation:

o Skylight Addition

KALWALL SKIYLIGHT (SEE DETAL 3}

ROCFING MEMBRANE

ROOF INSULATION 4* THICK TAPERED
TO ALLOW PROPER DRANAGE

TYFE H6 METAL ROOF DECK TOBE
¥ TO STRUCTURE

Skylight + Clerestory detail

4/23/2009
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Architectural Breadth

Implementation:

o Skylight Addition

alwall detail (by Kalwall)
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Architectural Breadth

Interior view
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Architectural Breadth

Interior comparisons
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Architectural Breadth Originl —

Advantage: higher illuminance levels in lower
floors
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ME[:han":HI BPEﬂdth Cooling Load due to Thermal Transmission Through Glazing

of Student Gathering

1600

Negative implications: L400
Possible cooling |oad increase 1200

Atrium Roof Area (Replaced) 1000
Total Area (1) U
5258 0283723 W/ <G @ 800
ASHRAE PG 23 (25) = —4#— As Designed
Atrium Clerestory Glazing Area As Designed g 600
TazngType Fagate Direction Tota rea (1) SHEC ] 5T - Re Designed
Bl | 3433 0.38 158 044 400
Bl 3 1847 038 158 044
Bl 2 378 0.38 158 044
BL-1A+8 | 3507 03 158 04532 200
BL-1A+8 2 78 03l 158 04532
BL-24+B and GL-INT 3 1873 0051076 158 04532 0
Atrium Clerestory Glazing Area Re Designed
12 3 4 6 7 8 9101112131415161718192021222324
Blazing Type Fagade Direction Total Area (1) SHEE U St -200
Bl | 3433 025 122083041 02875 Hour
Bl 3 1847 025 122083041 02875
Bl 2 378 025 122083041 02875
BL-1A+8 | 3507 025 122083041 02875
il 2 113 075 el 078 Cooling load comparison follows AHSRAE guidelines from chapter 28.
BL-2A+B and GL-INT 3 1873 0051076 158 00587374
Kalwall 5 5258.00 0.03 0283723 01035

21



Mechanical Breadth

Negative implications:

Possible cooling |oad increase

Atrium Roof Area (Replaced)

Total Area (ft’) U
9208 0283723 W/m?°C
ASHRAEPG 23 (25)
Atrium Clerestory Glazing Area As Designed

Glazing Type Fagade Direction Total Area (ft?) SHEC u SC

BL1 | 3433 0.38 155 0.44

BL1 3 1847 0.38 155 0.44

BL1 2 378 0.38 155 0.44
GLIA+B ! 3507 03 155 0.4532
GLIA+B 2 728 03 155 0.4532
BL-2A+Band GL-INT 3 1873 0.051078 155 0.4532

Atrium Clerestory Glazing Area Re Designed

Glazing Type Fagade Direction Total Area (ft?) SHEC u SC
BL1 | 3433 025 1220830411 0.2875
BL1 3 1847 0.25 1220880411 0.2875
BL1 2 378 025 1220880411 0.2875
GLIA+B I 3507 025 1220880411 0.2875
GLIA+B 2 79 025 1220880411 0.2875

BL-2A+Band GL-INT 3 1873 0.051078 155 0.0587374

Kalwall § 5258.00 0.03 0.283723 0,035

BTU/day

Yearly Cooling Load due to Thermal Transmission Through Glazing
of Student Gathering

5000000
4500000
4000000
3500000 —#—Redesigned
3000000 == As Designed

2500000

2000000
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Cooling load comparison with yearly weather data from National Renewable Energy Laboratory

4/23/2009
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Structural Breadth |

Other negative implications:

o (riginal structural layout may block
new skylight

o Various sizes due to tapering roof
o Beam spacing 0.C.. B
Solution:
« Relocate PV panels and increase
member spacing

o [Desired Spacing 0.C I8’

4/23/2009
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Structural Breadth

| pse [ (swof deck) |(roofload) | Totalibsit |
12 45 1.6 20 685.6667
=[1.2(DL)+1B{LL)]*Span(i
I Span I ft I in I
18.33333 220
I Mu I moment I simple I I I

72.21227 108.318 & Homent Con.= (Ib/Ft)*(L"2)/012*1000)
Simple Con.= (Ib/ft)*(L"2)/(Bx/000)

12.18773 & Vu=(Ib/f)*(L)/(24000)
[n Imoment Isfmple I Pass? |6 ]Il‘ve Itotal ]
live 0.016468 0.08233 PASS 1/360 /240
total 0.020173 0.10086 pass 118 1377
Alive  =LL*{L"4)*12"3*/(384°29000"1) =5'LL*(L"4)*12" 3" /(384 23000"1) 175 given in table below
A total  =(DL+LL)*{L"4)*2"3"/(384*29000"1) =(DL+LL)*(L"4)*2"3*/(3B4*25000") 1is given in table below

I Beam Size I W16x26 I

Custom beam shape is used for
beams larger than 33'-5"

4/23/2009
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Structural Breadth

Outcomes:
o Beam spacing 0.C.. 18’

o Similar sizes to original but spaced
further, decreasing amount and total
weight of steel

Original Redesign
BeamType #  fvg BeamIbs/ft ~ Weight BeamType #  Length(ft) Beamlbs/ft  Weight
Length
(ft)

WiBx35 14 38315 35 1877435 | WiBx35 & 38.315 3h 6705.125
WiBx31 5 356 3l 5518 WiEx26 7 YUz 26 4732
WiBx26 14 35204 26 66256 | Wl4x22 6 2861 22 3776.52
Wig*22 7 Z8H 22 440594 | wi2«8 4 21.065 19 2056.94
Wi2x18 Z2  770B5 19 1028 47

Wi2x16 4 76805 i 1H5.52

Wi2da 19 2376 14 630819

Total 49413.03 Total | 17270.585 |

4/23/2009
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Electrical Depth

Photovoltaic Panel Analysis

Original Design: 448 Sanyo HIT 190 bifacial PVs
specified for GCC, mounted to SG roof.

Moving not just based on skylight, but potential shading
of PVs during each month.

| recommend switching to @ membrane product,
without need for steel support, that can act as roofing
membrane.

December

New location marked by red rectangle.
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Electrical Depth

Comparison:
448 Sanyo HIT 190, to 217 Applied Solar Membrane
Sanyo yearly production: $24,467
Applied Solar yearly production: $17,995

After 25 years, Applied Solar produced $300,000 while Sanya
produced $100,000; to catch up with AS, Sanyo would take
around ab years proven by this equation:

§200,000 +§17.99a(X) = $24.467(X)
X'=$200,000/(824 467 - §17,335)
X=3l

Total comparison payback time = 25 +31 = OB

Sanyo HIT 190
Cumulative cash flows (%)

Applied Solar Membrane

Cumulatlve cash flows {(§)

0.0%

200,000

100,000 l

-100,000
-200,000

-300,000 4
-400,000 4

-500,000
-600,000
700,000
-800,000

Cumulative cash flows graph

22 years

Year
LE b B & 310 1 16 17 5 B8 2021 2 3 24 36
1 — 13 years

II w_=| | LY !

LAYOUT OF (207) TYPICAL 4" X 8
MEMBRANE PHOTOVOLTAIC PANELS

STUDENT BATHERIKG

10 ROOF GARDEN
.—ﬁ
& "T!II
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Lighting Depths | Roof Garden

Interior view towards Roof Garden

28



Lighting Depths | Roof Garden

Connection from Student Gathering to Roof
Garden

4/23/2009
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Lighting Depths | Roof Garden

Features:
e Main wood deck outside SG
e Surrounding paver path
* Recessed Gras and Planter area

N
\..ﬁ._ NN

AR NN EARENN
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Lighting Depths | Roof Garden

Roof Garden Planting

ST T
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Lighting Depths | Roof Garden

Lighting Intent:

To limit exterior lighting and create a subdued
mood.

Recommendations and Code:
A fc Horz - | fc Vert (IESNA RP-33)

Total allowable (tradable) watts/ft2 = .25.

(per ASHRAE std. 90, plazas, walks <I0', and
building facades)

\?. N

EREERRANANEE
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Lighting Depths | Roof Garden

Lighting Implementation:

Luminaires placed lower to ground to limit wattage
and light trespass and light pollution.

Louvered apertures are used to limit luminances of
luminaires and maintain lower luminances on roof

Trees are the highest luminance to draw attention
inward.

4/23/2009
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Lighting Depths | Roof Garden

Lighting Implementation:

White masonry wall is highlighted with line of light
that separates the form from the rest of the
architecture.

Line also leads into the SG, where a different
technique is used to illuminate wall

4/23/2009
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Lighting Depths | Roof Garden

Target llluminance Level Values:

.afc for floors

lluminance Value for Paths(Fc) =
Criteria: Sfc average on ground-plane

Nluminance Values for Paths (Fc) =
Criteria: Sfe average on ground-plane

Wood Deck Paver Path
Avarage 255V Avarage 887V
Maxitmum 19 Maxitmum 57
Minirmum 03 Minimum 0o
Hvg/Min 183 Hwg/Min 000
Max/Min 6.33 Max/Min 0.00
Meets Criteria? YES Meets Criteria? YES

0.00

llluminance (Fc)

4/23/2009
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Lighting Depths | Roof Garden

Target llluminance Level Values:
Ifc vertical

llluminance Value for Paths(Fc) >
Criteria: Ifc average for vertical illuminance
Vertical Grid
Average 094
Maximum 2.3
Minimum 0.6
Avg/Min 1.a7
Max/Min 3.83
Meets Criteria? YES

0.00

llluminance (Fc)

4/23/2009
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Lighting Depths | Roof Garden

Lighting Power Density: PASSED

Alowable watts/ft? = .29

Actual watts/ft? = .18
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Lighting Depths | Library

- -
Architectural Features: X
“lluartered" circle plan ! NS |
First floor - stacks and reading areas % = = =—— < ..i |
Second floor - computer stations and opening : e — ':____'__' il
to first floor % i E : ﬂ - ol W‘.‘lu
Architectural Concept: 1 it alommea T MW!I
PW's “Batewa” | 3 _l__ il ¢y T i -




Lighting Depths | Library

Lighting Intent:

To support architecture through connecting
occupant to identity of college, and make inside
viewable from outside (providing a “gateway”
into the college).

Recommendations and Code:
30fc Horz - 5-10fc Vert (IESNA)
S0fc 30" A.FF. (stacks + [ESNA)

Total allowable watts equal 1IaW. (per ASHRAE
std. 0.1 Library reading and stack areas)

Conceptual design involving Gateway Symbol

4/23/2009
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Lighting Depths | Library

Lighting Implementation:

Curve made with combination of square mh
downlight and 3 custom luminaires.

North wall highlighted with cantelievered
asymmetrical luminaire.

4/23/2009
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Lighting Depths | Library

Lighting Implementation:

Wall slot creates break between white wall
and rest of building, alluding to an absence of
space.

Custom shaped track fixture is an abstraction
of the Gateway symbol and creates interest
over the opening in the second floor.

4/23/2009
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Lighting Depths | Library

Lighting Implementation:

Stack lights utilize one lamp to illuminate opposite stacks,
saving wattage and also illuminates the ceiling.

Table mount luminaire also uses one lamp to maintain
recommended illuminance level on workplane as well as
light the ceiling.

Decorative pendant provides task lighting and separates
work areas from relaxing seating.

Downlights provide general task illuminance on the ground.

4/23/2009
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Lighting Depths | Library

Lighting Implementation:

Stack lights utilize one lamp to illuminate opposite stacks,
saving wattage and also illuminates the ceiling.

Table mount luminaire also uses one lamp to maintain
recommended illuminance level on work-plane as well as
light the ceiling.

Decorative pendant provides task lighting and separates
work areas from relaxing seating.

Downlights provide general task illuminance on the ground.
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Lighting Depths | Library

Target llluminance Level Values: AGHIEVED
30fc for table-tops

afc for passage (floor)
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Lighting Depths | Library

Lighting Power Density: PASSED

Alowable watts/f2 = 1.243 (combination)

Actual watts/ft2 = 1.00
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Lighting Depths | Library

Lighting Implementation:

The luminescent tape around the exterior of the
wall also helps separate and call attention to the
large white masonry wall which extends
throughout the building.

Light from interior surfaces, such as the stacks
furniture, and most important, the walls helps
the Library glow from within at night. Making the
space a true "gateway” to passersby at night.

LAETEN LA 2

4/23/2009
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Conclusion

As a whole, | believe that my lighting and
architectural designs enhance the quality and
integration of systems throughout Gateway
Community College.

| feel as though | have met my design goals, as
well as meeting existing criteria and codes
associated with lighting design.

4/23/2009
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