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Skylight and laylight replacement
Daylight control
Electric lighting to remain

Project Scope
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New York City
40.7 ° N, 74° W
Rotated 28° east of north

ROOF PLAN

Northern Sloped Skylights

Southern Sloped Skylights

Pitched Skylight (Doghouse)

Eastern Sloped Skylights

Western Sloped Skylights

Existing Skylight System
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ATTIC PLAN

New York City
40.7 ° N, 74° W
Rotated 28° east of north

Existing Laylight System
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Various Assemblies
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4 CONCEPTS FOR THE REPLACEMENT OF THE SKYLIGHTS OF WINGS A, B, C

Images of existing attic space and shading conditions in the C, A and B wings.
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Skylights

Laylights

Material
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34 CONCEPTS FOR THE REPLACEMENT OF THE SKYLIGHTS OF WINGS A, B, C

6/17/2015

SKY CONDITION: BRIGHT SUNNY DAY
11:00:00 AM

GALLERY 637

277 cd/m2

LIGHTS ON5000
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40
12
3
1

BRIGHTNESS 
CD/m2

122 cd/m2

LIGHTS ON

VIEW EAST

VIEW NORTH

45.8 : 1 2.5 : 1 16771.3 43.5 29.9 2210 105 48.5 38.5 111

BRIGHTNESS RATIOS

CEILING : WALL AVG WALL MAX: AVG

LUMINANCE MEASUREMENTS (cd/m2)

LEFT WALL REAR WALL RIGHT WALL FLOOR CEILING NORTH EAST WESTSOUTH
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5.5 : 1 4 : 1 60.1103 61.5 42.9 382

VERTICAL ILLUMINANCE MEASUREMENTS (fc)

VERT AVG VERT MAX

75.8 247

75.8 247LIGHTS ON 105 48.5 38.5 111

GALLERY AVG ATTIC AVG % TRANSMISSION

153.5 696.7 22

HORIZONTAL LLUMINANCE MEASUREMENTS (fc)

LIGHTS ON*

*LIGHTS OFF UNAVAILABLE
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Curatorial
•	 Diurnal and Seasonal Variability
	 Perception of Movement/Animation
•	 High Uniformity
•	 Perception of spatial depth above laylights
	 Mitigate direct solar exposure onto laylight surface

Conservation
•	 Meet target conservation criteria
	 Annual Cumulative Exposure on the vertical surface
	 Instantaneous Exposure on the vertical surface

Maintenance
•	 Easy to maintain
•	 Cost-effective, Standard products
•	 Low operational requirements

Design Priorities
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          SOLAR CONTROL DESIGN DEVELOPMENT 1005 DECEMBER 2016 

PREFERRED CONTROL STRATEGY

1.$System$construcUon$

$

!!!
2.$Rack$arm$extrusion$!
a. Manufactured$from$extruded$aluminum.$Three$different$rack$arm$profiles$B$!

$$$$$$$$$$$!
$$$$$$$$$$$$Standard$!
$ Maximum$span$between$fixings:$!
$ Interior$$ 2250mm$/$88”$
$ Exterior$$ 1500mm$/$59”$!!
$!!
$$$$$$$$$$$$
$$$$$$$$$$$Heavy$duty$!
$ Maximum$span$between$fixings:$!
$ Interior$$ 3500mm$/$137”$
$ Exterior$$ 2800mm$/$110”$!!!!!!!

$$ $

LOUVERS LOCATED AT THE SKYLIGHT WITH MANUAL HAND CRANK OPERATION
 
• PARALLEL & PERPENDICULAR LOUVER ORIENTATIONS BASED ON SKYLIGHT ORIENTATION 
   (LOUVER ORIENTATION DESIGNATION BASED ON RELATION TO HORIZON)

• EITHER ALL OR A SELECTION ARE ADJUSTABLE BY HAND CRANK 
   (ANTICIPATED QUANTITY AND DESIGN OF HAND CRANKS TO BE DETERMINED)

Laylight Glass
trans material for diffuse glass
Diffusing PVB interlayer

Skylight Glass
trans material for diffuse glass
Diffusing PVB interlayer

Louver
BSDF of louver system with varied rotations generated in WINDOW

System Development
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Analysis Strategy

Curatorial
•	 Diurnal and Seasonal Variability
	 Perception of Movement/Animation
•	 High Uniformity
•	 Perception of spatial depth above laylights
	 Mitigate direct solar exposure onto laylight surface

Conservation
•	 Meet target conservation criteria
	 Annual Cumulative Exposure on the vertical surface
	 Instantaneous Exposure on the vertical surface

Maintenance
•	 Easy to maintain
•	 Cost-effective, Standard products
•	 Low operational requirements

10 GALLERIES 
SELECTED FOR 
ANALYSIS
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ARCHITECTURAL REVIT MODEL RHINO MODEL

-BASE ARCHITECTURAL MODEL
(no glazing)

-SKYLIGHTS

-LAYLIGHTS

-LOUVERS

-MECHANICAL

RADIANCE SCENES

Workflow
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LIGHTING 15

SELECT GALLERY DAYLIGHT ANALYSIS
SUMMARY
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Weather Data: Direct and Diffuse Irradiance
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Weather Data Used for Daylight Analysis
Direct and Diffuse Irradiance

from TMY (Typical Meterological Yearly Data Set)
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Selected weather data used for design conditions (above)

MODEL PARAMETERS AND ASSUMPTIONS (cont.):

Interior surface reflectance values are based on either the existing surface 
materials or manufacturer’s data for the proposed design materials.  

To most accurately represent the complex light-distribution properties of 
the proposed louver system,  BSDF (Bi-directional Scattering Distribution 
Function) data was calculated based on the geometry and material of the 
Draper Flex-Louver Rack Arm System.  The BSDF data set was calculated 
using the modeling and analysis software program, WINDOW by Lawrence 
Berkley National Laboratory (LBNL).   

Actual material finishes are anticipated to vary from the reflectance and 
transmission values calculated and input into the model and will influence 
illuminance and distribution.  The model incorporates the following design 
assumptions:

 – Interior Attic Surfaces: White 80%

 – Skylight Glazing: Ultra clear low-iron glazing with white diffusing 
interlayer (Tviz 54%)

 – Laylights: Clear glass with white diffusing interlayer (Tviz 66%)

 – Walls: Painted GWB 40% (Color: SW 6227)  

 – Floors: Wood 20%

The actual material finishes are anticipated to vary from the projected 
reflectance and transmission values calculated in the daylight analysis.  We 
expect the reflectance of the painted attic space, gallery floors, and painted 
walls may be lower than as modeled, resulting in slightly lower illuminance 
values.
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The glazing material properties are based on manufacturer provided product 
data.  Physical testing of materials is required to verify the accuracy of the 
calculated parameters and assumptions.

WEATHER DATA AND ANTICIPATED VARIATION

Illuminance values are for illustrative purposes based on predictive analysis 
extrapolated from published weather data.  Actual measured conditions on a 
specific day are likely to vary from this report due to high variation from year 
to year and day to day of weather conditions.  Please note a more detailed 
description of the climate data used in this analysis is on page 3 for this 
section.

Solar irradiance is the power per unit area received from the Sun, in the 
form of electromagnetic radiation, measured in Watts per unit area.  For 
each of the twelve studied times of day, both direct and diffuse irradiance 
components are used to calculate the light levels within each gallery space.  
For the three overcast sky conditions calculated, no direct solar irradiance 
component is included into the calculation.
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Weather Data: Direct and Diffuse Irradiance

December Direct

June Direct

March Direct

December Diffuse

June Diffuse

March Diffuse

December Overcast

March Overcast

June Overcast

Analysis Conditions
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WINTER SOLSTICE

DEC 21

SUMMER SOLSTICE

JUNE 21

20 ABC SKYLIGHTS PROJECT | FINAL DESIGN DEVELOPMENT REPORT

DIRECT SOLAR EXPOSURE
GALLERY 607/608 | SUN VIEW STUDY

EQUINOX

MARCH 21

N

S

EW 9111315
17

WING A | GALLERY 607/608

Daylight Access Studies
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15 ABC SKYLIGHTS PROJECT | CD PROGRESS DESIGN

CRITICAL AZIMUTH ANGLE
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MAX DEGREE OPEN 
30° 

CRITICAL AZIMUTH ANGLE
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CRITICAL AZIMUTH ANGLE
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DAYLIGHT ACCESS AND CONTROL ANALYSIS
GALLERY 608 | DIRECT SOLAR ACCESS CONTROL

Summer Solstice Equinox Winter Solstice
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3PARK-SIDE SOUTHERN SLOPED SKYLIGHT
GALLERY 608

Daylight Access Studies
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SINGLE MODEL - ALL ZONES AND GALLERIES

Interior Gallery Analysis

INDIVIDUAL MODEL FOR EACH ZONE
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                                ABC SKYLIGHTS PROJECT | 100% DESIGN DEVELOPMENT REPORT      LIGHTING APPENDIX A073
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LUMINANCE CALCULATIONS
GALLERY 608
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                                ABC SKYLIGHTS PROJECT | 100% DESIGN DEVELOPMENT REPORT      LIGHTING APPENDIX A063
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Digression: Data Merge
HOW DOES IT WORK

                                ABC SKYLIGHTS PROJECT | 100% DESIGN DEVELOPMENT REPORT      LIGHTING APPENDIX A063
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16 ABC SKYLIGHTS PROJECT | CD PROGRESS DESIGN

DAYLIGHT CALCULATIONS
GALLERY 608 | ANNUAL ILLUMINANCE

Anticipated Hourly Annual Illuminance Profile within Gallery 608 based on seasonal louver settings
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Target Annual Exposure: 650,000 lux-hr

Cumulative Annual Hourly Illuminance by Season based on described 
seasonal louver positions:

Winter:   169,235 lux-hr

Spring:    155,785 lux-hr

Summer:   217,945 lux-hr

Fall:     221,890 lux-hr

Total:     794,855 lux-hr

3PARK-SIDE SOUTHERN SLOPED SKYLIGHT
GALLERY 608
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INTERIOR LIGHT LEVELS HIGHER THAN TARGETS 
WHEN ALL DIRECT LIGHT OMITTED.

POTENTIAL OPPORTUNITY TO REDUCE SKYLIGHT 
AREA OR DECREASE SURFACE TRANSMISSION 
VALUES

Control Strategy Analysis
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17 ABC SKYLIGHTS PROJECT | CD PROGRESS DESIGN

DAYLIGHT CALCULATIONS
GALLERY 608 | SEASONAL AND DIURNAL ILLUMINANCE

Summer Solstice

Louver position over Gallery 608: 30° open

Louver position over Gallery 607: 30° open

Equinox

Louver position over Gallery 608: 30° open

Louver position over Gallery 607: 75° open (45° calculated)

Winter Solstice

Louver position over Gallery 608: 90° open

Louver position over Gallery 607: 90° open

Seasonal Illuminance Distribution Chart

Hourly Illuminance Plots for Sunny and Overcast Sky Conditions 

3PARK-SIDE SOUTHERN SLOPED SKYLIGHT
GALLERY 608Control Strategy Analysis
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Systems Coordination
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Systems Coordination
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Systems Coordination
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Systems Coordination
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Meanwhile in Secaucus, NJ...
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Quarter-scale Daylight Model
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SCALE MODEL LIGHTING MEASUREMENTS
MEASURED LUMINANCE

JULY 27, 2017

JULY 31, 2017

9 AM 12 PM 3 PM

GALLERY 637
11 AM

15/06/17 
BRIGHT SUNNY DAY

5000
1500
500
120
40
12
3
1

BRIGHTNESS 
CD/m2

CHAPTER 6 | OPTIONS FOR REPLACING ABC WING SKYLIGHTS 21

GALLERY 618
6/17/2015

SKY CONDITION: BRIGHT SUNNY DAY
10:00:00 AM

20.1 cd/m2

LIGHTS ON

16.6 : 1 1.3 : 1 21.416.6 15.6 13.8 255 20 28.8 20.6 19.1

BRIGHTNESS RATIOS

CEILING : WALL AVG WALL MAX: AVG

LUMINANCE MEASUREMENTS (cd/m2)

LEFT WALL REAR WALL RIGHT WALL FLOOR CEILING NORTH EAST WESTSOUTH

LIGHTS ON 22.1

VERT AVG VERT MAX

50.9

VERTICAL ILLUMINANCE MEASUREMENTS (fc)

GALLERY AVG ATTIC AVG % TRANSMISSION

29.4 106 27.7

HORIZONTAL LLUMINANCE MEASUREMENTS (fc)

LIGHTS ON*

*LIGHTS OFF UNAVAILABLE

Measured Luminance
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SCALE MODEL LIGHTING MEASUREMENTS
MEASURED ILLUMINANCE

SOUTH

SOUTH WALL

NORTH WALL

EAST WALLWEST WALL

SK
Y 

CO
N

D
IT

IO
N

LIGHT MITIGATION LAYERS TESTED:

• SKYLIGHT: LOW IRON GLASS WITH 3 LAYERS OF VANCEVA 
COOL WHITE INTERLAYER

• HORIZONTAL LOUVERS WITH 10% PERFORATION IN 
CLOSED POSITION

• LAYLIGHT GLASS: LARGER PRISMATIC WITH 1 LAYER OF 
VANCEVA COOL WHITE INTERLAYER

MEASURED ILLUMINANCE ON ALL FOUR WALLS (AT EYE LEVEL) , MEASUREMENTS TAKEN FROM 6AM TO 8PM DAILY

TARGET 
ILLUMINANCE 
RANGE FROM 
DAYLIGHT

SCALE MODEL LIGHTING MEASUREMENTS
MEASURED ILLUMINANCE

SOUTH

SOUTH WALL

NORTH WALL

EAST WALLWEST WALL

SK
Y 

CO
N

D
IT

IO
N

LIGHT MITIGATION LAYERS TESTED:

• SKYLIGHT: LOW IRON GLASS WITH 3 LAYERS OF VANCEVA 
COOL WHITE INTERLAYER

• HORIZONTAL LOUVERS WITH 10% PERFORATION IN 
CLOSED POSITION

• LAYLIGHT GLASS: LARGER PRISMATIC WITH 1 LAYER OF 
VANCEVA COOL WHITE INTERLAYER

MEASURED ILLUMINANCE ON ALL FOUR WALLS (AT EYE LEVEL) , MEASUREMENTS TAKEN FROM 6AM TO 8PM DAILY

TARGET 
ILLUMINANCE 
RANGE FROM 
DAYLIGHT

SCALE MODEL LIGHTING MEASUREMENTS
MEASURED ILLUMINANCE

SOUTH

SOUTH WALL

NORTH WALL

EAST WALLWEST WALL

SK
Y 

CO
N

D
IT

IO
N

LIGHT MITIGATION LAYERS TESTED:

• SKYLIGHT: LOW IRON GLASS WITH 3 LAYERS OF VANCEVA 
COOL WHITE INTERLAYER

• HORIZONTAL LOUVERS WITH 10% PERFORATION IN 
CLOSED POSITION

• LAYLIGHT GLASS: LARGER PRISMATIC WITH 1 LAYER OF 
VANCEVA COOL WHITE INTERLAYER

MEASURED ILLUMINANCE ON ALL FOUR WALLS (AT EYE LEVEL) , MEASUREMENTS TAKEN FROM 6AM TO 8PM DAILY

TARGET 
ILLUMINANCE 
RANGE FROM 
DAYLIGHT

Measured Illuminance
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