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Passive House - windows

Casement (good)

Tilt and Turn (good)

Double-Hung (bad)
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https://www.youtube.co
m/watch?v=_047-1_fLL0

https://www.youtube.com/watch?v=_047-1_fLL0
https://www.youtube.com/watch?v=_047-1_fLL0
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Water Penetration and 
Air Leakage Testing of 

Flanged Window Details 

T. Brown, J. Posenecker, K. Simon
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Why????
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Relevant Standards and Guidelines: 
Installation  

• AAMA 100-07 Standard Practice for the Installation of Windows with Flanges or Mounting Fins in Wood 
Frame Construction

• Section 1.1 “This standard practice covers…no more than 3 stories in height.”   

• AAMA 2400-10 Standard Practice for Installation of Windows with a Mounting Flange in Open Stud Frame 
Construction for Low Wind/Water Exposure 

• Section 1.1 “This practice covers…residential buildings of no more than four (4) stories in height.”

• ASTM E2112-07 Standard Practice for Installation of Exterior Windows, Doors, and Skylights
• Section 1. “This practice covers…as used primarily in residential and light commercial buildings.” 

• DuPont Flashing Systems Commercial Installation Guidelines, 04/09    
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Relevant Standards and Guidelines: 
Air Leakage Testing  

• AAMA/WDMA/CSA 101/I.S.2/A440-08 NAFS Specification for windows, doors, and skylights
• Table 1: AW Performance Class, Minimum PG 40

• ANSI/NFRC 400-2014 Determining Fenestration Product Air Leakage
• Section 4. “ASTM E283 shall be the only method used to measure product air leakage rates…A differential static 

pressure of 300 pascals (6.24 psf) shall be acceptable if the NAFS is used for products obtaining an HC or AW 
rating.” 

• ASTM E 283-04(2012) Standard Test Method for Determining Rate of Air Leakage Through Exterior Windows, 
Curtain Walls, and Doors Under Specified Pressure Differences Across the Specimen 

• ASTM E 783-02(2010) Standard Test Method for Field Measurement of Air Leakage Through Installed Exterior 
Windows and Doors 

• ASTM E2357-17 Standard Test Method for Determining Air Leakage of Air Barrier Assemblies

• Section 9.1.1 “…in accordance with ASTM E283”      
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Relevant Standards and Guidelines: 
Water Penetration Testing  

• ASTM E 331-00 Standard Test Method for Water Penetration of Exterior Windows, Skylights, Doors, 
and Curtain Walls by Uniform Static Air Pressure Difference 

• ASTM E 547 Standard Test Method for Water Penetration of Exterior Windows, Skylights, Doors, and 
Curtain Walls by Cyclic Static Air Pressure Difference

• ASTM E1105-15 Standard Test Method for Field Determination of Water Penetration of Installed 
Exterior Windows, Skylights, Doors, and Curtain Walls by Uniform or Cyclic Static Air Pressure 

Difference         
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From Cascadia Windows and Doors Presentation page 18
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Mockup Construction

A little of this:
ASTM E2112-07 Standard Practice for Installation of 

Exterior Windows, Doors, and Skylights

And a little of this:
DuPont Flashing Systems Commercial Installation 

Guidelines, 04/09



Mockup Construction
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Mockup
Construction
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Window
“Blanks”
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I-Cut
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Sill 
Flashing
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Flange
Sealant
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Window
“Blank”
Installation
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Sealant
“Bleed-Out”
Visible
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Controversy at the head…

Controversy at the sill…
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Pressure
Chambers





Mockup 

No.

Installation 

Method 

Interior Air 

Seal

1 A1 Nothing

2 B1 Nothing

3 A1 Foam

4 B1 Foam

5 A1
Backer Rod 

& Sealant

6 B1
Backer Rod 

& Sealant

Mockup Information



Mockup #1 E2112 Method “A1” No Foam/Sealant



Mockup #2 E2112 Method “B1 No Foam/Sealant



Mockup #3 E2112 Method “A1” With Foam



Mockup #4 E2112 Method “B1” With Foam



Mockups #5 E2112 Method “A1”  With Backer Rod & Sealant



Mockups #6 E2112 Method “B1” With Backer Rod  & Sealant
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Air Leakage Testing

ASTM E 783-02(2010) Standard Test Method for 
Field Measurement of Air Leakage Through Installed 

Exterior Windows and Doors
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Manometer
(inches
of water)
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Airflow
Meter
(cfm/sf)
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Full 
Isolation
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“Blank” 
Isolation
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No
Isolation
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Isolation
v.2.0



Air Leakage Testing: Results Round 1
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Water Testing

ASTM E1105-15 Standard Test Method for Field 
Determination of Water Penetration of Installed 
Exterior Windows, Skylights, Doors, and Curtain 

Walls by Uniform or Cyclic Static Air Pressure 
Difference
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Water
Testing
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Water
Testing
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Water
Testing
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Water
Testing



Water Testing: Results Round 1
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Conclusions
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Lessons
Learned

1. The backer rod and sealant or foam installed from 
interior…is very important!
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Lessons
Learned

2. E2112 Method “A1” appears to be better than “B1” 
at managing water, but more testing needed to 
verify high rise construction, hurricane zones.

3. E2112 Method “B1” is the best for air tightness. But 
“A1” can be good too. 

4. Doesn’t matter at 75 pa (Code, Passive House). 
Could make a difference at 300 pa, high rise 
construction, hurricane zones. 
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Round 2 Testing





Tremco Cleveland Testing Facility



Tremco Cleveland Testing Facility



Tremco Cleveland Testing Facility





  

Round 2 Mockups







Results: Round 1 Testing



Results: Round 2 Testing



Conclusions



Conclusions
• Foam/sealant is critical for both air and water 

management and performance. Pros and cons 
between the two options. 

• Open at sill better at water management than 
barrier at sill for low-rise construction. 

• Barrier at sill is the best for air tightness, but open at 
sill can be very airtight too (sometimes also zero air 
leakage). Doesn’t matter at 75 pa (Code, Passive 
House). Could make a difference at 300 pa, high rise 
construction, hurricane zones. 

• Significant upgrade in performance going from 
mechanically-fastened WRB to a fluid-applied WRB. 



Water Penetration and 
Air Leakage Testing of 
Flanged Commercial 
Windows

Phoenix, Arizona

IIBEC 2021 International  

Convention and Trade Show   

Keith Simon, John Posenecker (Terracon)

Trevor Brown (JE Dunn)

Dante Marimpietri, Marcy Tyler (Tremco)









Next Steps (hasn’t happened…need help!)

Window Detailing (Keith/Dante)
• Verify Research Methods
• Flanged and Unflanged Windows
• High-Rise Detailing Manual

Cladding Attachments (Trevor/Dante)
• EIFS/Stucco
• Continuous Insulation
• High-Rise Detailing Manual

Horizontal Waterproofing (John/Marcy)
• ELD Testing Methods
• Life Cycle Aging
• Hot versus Cold Comparison

ThermalBuck
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The controlled distribution 

of natural light in a space

What is daylighting?



NOT: 

sunlight

What is daylighting?



Texas Architect Magazine 
September/October 2013



What is daylighting?



Lake/Flato recommendation: 20-30% WWR

Can Highly Glazed Building Facades Be Green 

by John Straube, BSI-006, 2008







Lloyd Alter The Story of Upfront Carbon – Use Less!!!



Why is daylighting so important?

•Energy Efficiency

•Health

•Productivity 

•(Almost) Perfect 

Color Rendering



How does daylighting save electricity?



Rainha Santa Isabel Secondary School/Oficina - Ideias em Linha



=

Remember:



=

Remember:



Jet Blue terminal at JFK 





Basic Daylighting Strategies

•Solar Geometry
•Sidelighting 

•Toplighting

•Form

•Programming

•Space Planning

•Surface Reflectances



Solar Geometry



Free University Library, Norman Foster



Genzyme Center, Stefan Behnisch



Sana’a, Yemen



Solar Development, Georg Reinberg, Vienna



S

Southern Orientation



Southern Orientation



A Pattern Language, Alexander, pattern #128: Indoor Sunlight 



From UTSoA Facade Thermal Lab:

Stefan Bader

Dr. Werner Lang

Professor Matt Fajkus, Thermal Lab Director
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Don’t be this guy!

South Elevation; 12pm October 10th; Austin, TX



Noon

South

Summer



5pm

South

June 5

Don’t be this guy either!



East

Summer

Yikes!



2:30pm

South

June 17



South, SW Elevations; 3pm September 29th; Austin, TX



2:30pm

South

June 17



N

Northern Orientation



Northern Orientation



E

Eastern Orientation



Eastern Orientation



A Pattern Language, Alexander, pattern #138: Sleeping to the East 



10:00am

East

July 2



10am, 12pm

East

September 8



8:45 am

SE

October 17, Austin



W

Western Orientation



Western Orientation



4:15pm

West

August 12



7pm

West

July 12



5:00 pm, Overcast

SE, SW

July 24



5:30 pm

SW

July 24



5:30pm SW July 24th

Southwest ElevationSoutheast



5:30pm West Sept. 4th



North Elevation

West Elevation

South Elevation



8:00 am

August 4

The Galvestonian – East



8:00 am

August 4

The Galvestonian – East



The Galvestonian – West Facade



The Galvestonian – West Facade



The Galvestonian – West Facade



The Galvestonian – West Facade



8:00 am

August 4

The Galvestonian – East





Objectives: Toplighting & Sidelighting

•Solar Geometry

•Sidelighting 

•Toplighting

•Form

•Programming

•Space Planning

•Surface Reflectances



Perception of brightness:

1. Luminance of object

2. Contrast:

• Brightness of adjacent objects

• Luminance Ratios

3. Biology of Individual:

• Health/Age

• Accommodation

• Adaptation (time dependent)

Mechanical and Electrical Equipment for Buildings, Kwok/Grondzik



Eye Adapts to bright background leaving subject in sillouette, Fuller Moore



Excessive 

luminance 

ratios

Mechanical and Electrical Equipment 

for Buildings, Kwok/Grondzik



Heating, Cooling, Lighting, Lechner, page 417

Light Shelf

•Most effective on south façade

•East and west – must be longer

•Not effective on north



Light Shelf



Light Shelf



Assessing Light Shelf and Optical Louver Systems in Multi-Story 

Office Buildings by Using Experimental Methods

Presented at ASES 2011 by Dr. Jianxin Hu, NC State University

Experiments test:

•Light Shelf Top Surfaces

•Partition Materials

•Placement of Partitions

•Ceiling Height

•Comparisons of the Light Shelf & FISCH system





Assessing Light Shelf and Optical Louver Systems in Multi-Story 

Office Buildings by Using Experimental Methods

Presented at ASES 2011 by Dr. Jianxin Hu, NC State University



Assessing Light Shelf and Optical Louver Systems in Multi-Story 

Office Buildings by Using Experimental Methods

Presented at ASES 2011 by Dr. Jianxin Hu, NC State University



Environmental Control Systems, Fuller Moore



Building Form

Lechner p.396





Space Planning



Alvar Aalto Mount Angel

Space Planning: stacks (or desks) perpendicular to windows



Alvar Aalto Mount Angel

Space Planning: translucent interior partitions



SMP Architects

Space Planning



Color, Surface Reflectances



Heating, Cooling, Lighting, Lechner, page 397



Glazing Selection



Top Lighting



Heating, Cooling, Lighting, Lechner, page 395



Advantages:

• Potential for uniform illumination over great floor areas

• Receive greater amounts of illumination

Disadvantages:

• Intensity of light is greater in summer than in winter

• Difficult to utilize other than 1-story buildings or the top floor

• Difficult to shade – therefore try to use vertical glazing on the roof 

(clerestories, monitors, sawtooths) 

Heating, Cooling, Lighting, Lechner, page 395



The Menil Museum, Renzo Piano



Kahn Kimball



Side Lighting



2.5H Rule of Thumb Assumes:

-Clear Glazing

-Overcast Skies

-No major obstructions 

-Total window width approximately ½ of 

perimeter wall

15/30 Rule of Thumb Assumes:

-No assumptions stated

-Very basic guess

Grondzik, Walter T.; Kwok, Alison G.; The Green Studio Handbook: 

Environmental Strategies for Schematic Design, 2nd Edition.
Elsevier, 2011. ISBN-13: 978-0080890524, page 64.



Calculating Sidelighting Apertures

A = (DFtarget)(Afloor))/(F)

Grondzik, Walter T.; Kwok, Alison G.; The Green Studio Handbook: 

Environmental Strategies for Schematic Design, 2nd Edition.
Elsevier, 2011. ISBN-13: 978-0080890524, page 77.







Basics Window Strategies:
From Heating, Cooling, Lighting - Lechner

1. Place high on the wall, widely distributed, optimize overall area

2. If possible, place windows on more than one wall

3. Place windows adjacent to interior walls

4. Splay jambs to reduce the contrast between windows and walls

5. Filter daylight

6. Shade windows from excess sunlight in summer

7. Use movable shades

8. Additional Strategies



1. Place high on the wall, widely distributed, 

optimize overall area

Heating, Cooling, Lighting, Lechner, page 398



Assessing Light Shelf and Optical Louver Systems in Multi-Story 

Office Buildings by Using Experimental Methods

Presented at ASES 2011 by Dr. Jianxin Hu, NC State University

4. Ceiling Height



1. Place high on the wall, widely distributed, 

optimize overall area

Heating, Cooling, Lighting, Lechner, page 398



1. Place high on the wall, widely distributed, 

optimize overall area

Heating, Cooling, Lighting, Lechner, page 398



2. If possible, place windows on more than one wall.

Heating, Cooling, Lighting, Lechner, page 398



Lady Bird Johnson Wildflower Center



A Pattern Language, Alexander, pattern #159: Light on Two Sides of Every Room

When they have a choice, people will always gravitate to those rooms which have light on 
two sides, and leave the rooms which are lit only from one side unused and empty.



3. Place windows adjacent to interior walls.

Heating, Cooling, Lighting, Lechner, page 399





Heating, Cooling, Lighting, Lechner, page 408



Grondzik, Walter T.; Kwok, Alison G.; The Green Studio Handbook: 

Environmental Strategies for Schematic Design, 2nd Edition.
Elsevier, 2011. ISBN-13: 978-0080890524.



4. Splay window surrounds to reduce the contrast 

between windows and walls as well as increase 

daylight penetration.

Heating, Cooling, Lighting, Lechner, page 399



I am currently working 
comfortably under daylight 
at 6.30 PM in a 240 sq ft 
north-west facing room in a 
Cornish cottage which has 
two windows of less than 6 
sq ft glass area each with 
18" deep splayed reveals in 
an 8' x 15'6" wall. So the 
glass area is just under 10% 
of wall area and 5% of floor 
area.

With good wishes,
Bill Bordass

Splay Window Surrounds



Ft. Macon, North Carolina



Splay Window Surrounds



Splay Window Surrounds



Splay Window Surrounds (same for toplighting)



The Kimbell Art Museum - Louis Kahn



Tucson High School - James Benya



5. Filter Daylight

The Kimbell Art Museum - Louis Kahn



A Pattern Language, Alexander, pattern #238: Filtered Light

Light filtered through leaves, or tracery, is wonderful...where the edge of a window or the 
overhang eave of a roof is silhouetted against the sky, make a rich, detailed tapestry of 
light and dark, to break up the light and soften it.



Spicewood Springs Library



View glazing versus Daylighting



Environmental Control Systems, Fuller Moore



Esherick House, Louis Kahn



Hyland Park Elementary School



E,W         S           N

6. Shade Excess Sunlight



7. Use movable shades



7. Use movable shades:

 Venetian Blinds (horizontal slats)



@building.thoughts

Seattle 9/27/17 2pm west-facing



Is it possible to design a building for 

daylight only?



Center for Advancement of Public Action, Vermont

Tod Williams Billie Tsien
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