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Changes and Trends

• Changing projects
• Retrofit
• Infill
• Mid-rise
• Multi-use
• Changing / Aging population
• Regional variations



Changes and Trends

• Changing needs
• Lower energy
• More comfort, 
• Better IAQ
• Faster construction
• Weather insensitivity
• Labor efficiency



What is Building Science?

• Still no consensus, but . . .
• Building science is the cross-disciplinary 

collection of knowledge and experience 
required to understand and predict many 
aspects of the behaviour (performance) of 
buildings and their systems, specifically 
including 

• durability, comfort, energy, environmental 
separation, indoor air quality, acoustics, lighting, 
economics, and constructability.



The Utility of Building Science

• “Tradition in itself provides no  basis  for  
change  other  than  trial  and  error.  Tradition  
places  the  emphasis  on  how something  
should  be  done; science  sets  out  to  explain  
why so  that  the  experience  can  be  carried  
over  to  different  materials  and  
circumstances.”

• Sir  Frederick  Lea, BRE 1953?
• Building science allows one to try 
new things with fewer risk



Building Science

• Is not a list of rules, or strategies
• Requires understanding, calculation, 

analysis
• Very little building science is applied to 

residential building design
• Lots of experience, slow change

• Very little building science is taught



Codes and Standards

• Not a compendium of building science
• May violate laws of physics
• Neither LEED

nor PassivHaus
are soundly
based on 
science



Prefab and Modular

Penn State RBDCC Brochure



Prefab

• Promises
• Improve labor efficiency, quality
• Reduce weather sensitivity
• Reduce cost

• Challenges
• Joints
• Dimensional Control
• Transport







Claims abound..
“World tallest modular” 
“we cracked the code”
“up to 25% cheaper” “half 
the time”

SHoP Architects, Skanska Construction, 
Forest City Radner



•

“ Half of the first 39 
apartments suffered 
significant water damage. 
The first four floors were 
largely gutted”











Multi-unit residential

• Land use, walkable cities, aging 
population etc demand more multi-
unit (not multi-family)
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Mid-Rise Wood Buildings (framed)



Increase in Wind and Rain 
Loads • Specified structural and water penetration 

performance criteria for windows
• Some low-rise windows may not

work as well in mid-rise buildings
• Cumulative runoff

• Water shedding features 
become more important

• continuity, drip edges
• Water penetration control strategy



More wind and rain

• Required:
• Better materials
• Better details
• Better quality 



Challenges with Mechanically Attached 
Air-Water Barriers & Wind During Construction



Shrinkage
• Cross-grain 

wood
shrinks



Fire and sound separation

• High Density / Mixed-use means …
• Better separation

• New techniques
• Construction sequencing
• Quality control



Mechanical Systems

• Smaller systems
• Simpler systems
• Efficient
• Quiet
• Maintainable
• Repairable



Smaller furnaces

• Smaller, more efficient and multi-
family buildings need 
smaller furnances!

• Long run times
• Steady heat
• Smaller ducts

• Poor industry engagement

Dettson Chinook 
furnace



Smaller cooling

• Runtime = humidity control
• Better glazing & airtightness equals 
dropping loads

• Short runtime means poor mixing 
and higher humidities

• Industry MIA
• Japanese mini-splits?



Changing Energy Codes

• More airtightness
• Blower door testing

• More insulation
• Quality inspection
• Less thermal bridging

• Changing techniques



Getting to Higher Insulation Levels

Base 2x6 
Framed 
Wall <R-16 
(wood) 

Exterior Insulation
R-15 to R-60+

Deep 
Stud, 
Double 
Stud, 
SIPS
R-20 –
R-80+

Split Insulation R-
20 to R-60+

Interior Insulation
R-20 to R-30+

Issues: cladding attachment, thickness

Issues: thermal bridging, thickness, durability

Issues: thickness, durability, interior details
Issues: cladding attachment, material selection



www.BuildingScience.com
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Exterior Insulation (“ci”)

• Research and experience have shown it 
works

• But knowledge not well disseminated

• Vapor control
• Wetting and drying
• Cladding attachment



Test Wall R-values

• 2x8 with ccSPF only R24 
• Others reduce heat flow by nearly 
half

• Walls 5 & 6 have no 6 mil poly
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Field “research” / demo

•
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North OSB MC

Double stud/ I-joist

PIC/XPS 
no poly

Stonewool



Calibrated Air leak
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Air Leakage
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Double stud/ I-joist

Datum

Ext Insul.

polyiso





State College

• Vinyl over 
stonewool

• Around 1997





Load Carrying



Lab testing





Renovation & Retrfoit
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Retrofits

• Huge existing stock of buildings, 
means:

• Energy-efficient retrofits must be 
part of any solution

• Approach varies, but generally 
similar strategy 
to new construction



Changing things …

• Changes things
• New windows, new furnace, added 

insulation
• Increased airtightness
• Different temperatures

• Approach
• Add airtightness (add mechanical 

ventilation)
• Add exterior insulation (improve rain control)
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Basements
•
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Conclusions

• Many new changes and demands
• Building Science Knowledge can 
help… 

• Education needed of
• Trades, professions, codes, etc.

• Building Science Research can
• Answer new questions
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