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Learning Objectives

ÅUnderstand what Resilience is and how it relates to buildings

ÅUnderstand how to incorporate resilience into your buildings

ÅUnderstand basic building science principles of air, water and 

thermal management as they pertain to wall systems 

ÅUnderstand the key material properties which must be assessed 

when designing wall systems with increased thermal and 

moisture performance 
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Merriam-Webster definition:

2  : an ability to recover from or adjust easily to misfortune 

or change

Interest 

over Time 

(Google 

Trends)
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Resilience ïthe new industry buzz word
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CǊƻƳ ά5ŜǾŜƭƻǇƛƴƎ tǊŜ-5ƛǎŀǎǘŜǊ wŜǎƛƭƛŜƴŎŜ .ŀǎŜŘ ƻƴ tǳōƭƛŎ ŀƴŘ tǊƛǾŀǘŜ LƴŎŜƴǘƛǾƛȊŀǘƛƻƴΣέ bŀǘƛƻƴŀƭ LƴǎǘƛǘǳǘŜ ƻŦ 
Building Sciences, October 29, 2015
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2017 Disaster Costs

Ref:  US shatters record for disaster costs in 2017 by Brandon Miller, CNN Meteorologist, Updated 12:06 PM ET, Mon January 8, 2018



D u P o n t  S a f e t y  &  C o n s t r u c t i o n

Buildings are only one piece of resilience

Necessary Community Functions/Infrastructure:
Å Buildings

Å Business

Å Communications

Å Communication Infrastructure

Å Culture & Recreation

Å Education & Training

Å Energy

Å Finance

Å Governance

Å Local Government

Å Natural Environment

Å Neighborhoods

Å Health Care

Å Public Safety & Security

Å Solid Waste

Å Transportation

ÅWater

If one link is broken 

the community will 

not function properly.
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An Ounce of Prevention is Worth a Pound of Cure.

~ Benjamin Franklin

He was referring to the inadequacies of fire safety.  This led 

to efforts to become more resilient.  As a result the 

Philadelphia Union Fire Company was formed.  The led 

efforts to educate the public about fire safety and improved 

fire fighting techniques.

https://www.ag.ndsu.edu/news/columns/beeftalk/beeftalk-an-ounce-of-prevention-is-worth-a-pound-of-cure/
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Disaster Recovery Reform Act of 2018 includes 

grants for updating codes.

Alliance for National Community Resilience Buildings 

Benchmark Requirement (not yet published)

FEMA analysis from 2014 estimated approximately 

$500 million in annualized loss avoided in eight 

southeastern states due to do the adoption of modern 

building codes.

An Insurance Institute for Business & Home Safety 

study following Hurricane Charley found that post-

Hurricane Andrew code improvements and code 

application in Florida reduced the frequency of 

property damage by 60 percent and the severity of 

damage by 42 percent for residences.

Researchers at the Wharton Schoolôs Risk 

Management and Decision Processes Center found 

that modern and wellȤenforced building codes in 

Missouri have reduced hail damage to homes by 10 

to 20 percent on average.
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Benefit-to-Cost Ratio by Hazard and 
Mitigation Measure.
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Building Community

Resilient buildings are a critical component of 

resilient communities.

What makes a building resilient?
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Mitigation Response Recovery

Buildings contribute to all phases of resilience.

Å Moisture Management

Å Mold prevention

Å Condensation prevention

Å Decay prevention

Å Flood prevention

Å Air Leakage Mitigation

Å Pollutant mitigation

Å Condensation prevention

Å Thermal performance

Å Thermal Performance

Å Affordability

Å Comfort

Å Structural Performance

ÅWind damage prevention

Å Moisture Management

Å Manage bulk rain water

Å Condensation controlled

Å Air Leakage 

Å Smoke and other 

pollutants kept out

Å Condensation minimized

Å Thermal performance 

maximized

Å Thermal Performance

Å Ability to shelter in place 

with power loss

Å Structural  Performance

Å Roof and exterior 

material stability under 

stress

Å Moisture Management

Å Materials and 

assemblies that stay dry 

or dry quickly

Å Air Leakage 

Å Condensation minimized

Å Thermal performance 

maximized

Å Thermal Performance

Å Ability to shelter in place 

with power loss

Å Structural  Performance

Å Easy minor repairs
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Baby Itôs Cold Inside, 2014 report by Urban Green a Chapter of USGBC, modeling by Atelier Ten
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Building

Resilience

Assembly 

Performance 
Quality Installation

Quality Materials 
Durability

Energy Efficient

Air & Moisture 

Management
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Dennis Hidalgo, LEED AP O+M, The Importance of Building Energy Codes:  How to Engage the Architectural Community, prepared by 

the Building Codes Assistance Project at the Alliance to Save Energy for the Sea Change Foundation, 
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State Adoption of IECC-R

From energycodes.gov
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From energycodes.gov

State Adoption of IECC-C
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ÅInsulation

ÅAir Sealing

ÅFenestration

Building 
Envelope

ÅHeating & Cooling

ÅVentilation

ÅWater Heating

Mechanical 
Systems

ÅLighting 

ÅControlsLighting

Building Energy Efficiency
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Energy Efficiency

Thermal Management

üIncrease cavity insulation

üIncrease continuous insulation (ci) 
Reduce thermal bridges

ÁAdvanced framing

ÁContinuous insulation

üReduce air leakage 

ÁAir barriers

ÁAir impermeable insulation

ÁInsulation installationThermal 
Mass

Radiation 
Control

Insulation
Air 

Barriers

Building Envelope
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Thermal Bridges

No Exterior Continuous 

Insulation

With Exterior Continuous 

Insulation
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Reducing Thermal Bridges

Standard Framing Advanced Framing

Figures from ²{9/ .ǳƛƭŘŜǊΩǎ CƛŜƭŘ DǳƛŘŜΣ уth Edition, Washington State University Extension Energy Program.  Photo courtesy of Construction Instruction.

Exterior Continuous 
Insulation
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R-values of Components & Assemblies

Wall Assembly 

Component

2x4 2x6 2x4 + c.i.

Studs Cavity Studs Cavity Studs Cavity

Outside Air Film .17 .17 .17 .17 .17 .17

Exterior Insulation n/a n/a n/a n/a 5 5

İò OSB .62 .62 .62 .62 .62 .62

Stud Wood 3.71 n/a 5.83 n/a 3.71 n/a

Cavity Insulation n/a 13 n/a 20 n/a 13

İò GypsumWallboard .45 .45 .45 .45 .45 .45

Interior Air Film .68 .68 .68 .68 .68 .68

Total 5.6 14.9 7.75 21.9 10.6 19.9

Total Wall (Standard 

Framing - 23%)
11 15 17

Total Wall (Advanced 

Framing ï17%)

17



D u P o n t  S a f e t y  &  C o n s t r u c t i o n

Effect of Air Leakage on Heating and Cooling Energy
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Air Leakage Impact on Energy Use:
Degradation of Air Permeable Thermal Insulation Performance

E
ff
e

c
ti
v
e

 R
-v

a
lu

e

Simulated Wind-Load (kph)

Measured Effective R-value under Simulated Wind-
Load (R-19 Walls).  

Wall 3 Without
Housewrap

Wall 3 With
Housewrap

Wall 4 Without
Housewrap

Wall 4 With
Housewrap

Wall 6 Without
Housewrap

Wall 6 With
Housewrap

Source: Impact of Airflow on the Thermal Performance of Various Residential Wall Systems utilizing a calibrated hot box, ThermalEnvelopes VI/ Heat Transfer in Walls -- Principles
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1. the ability to be sustained, 

supported, upheld, or confirmed.

2. Environmental Science. the 

quality of not being harmful to 

the environment or depleting 

natural resources, and thereby 

supporting long-term ecological 

balance:


