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Learning ODbjectives

A Unc
A Unc

A Unc

erstand
erstanc

erstanc

what Resilience is and how it relates to buildings
how to incorporate resilience into your buildings
basic building science principles of air, water and

thermal management as they pertain to wall systems

A Understand 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)

Note

Note
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Resilience i-the new industry buzz word

Resilience is the New Sustainability

The US Resiliency Council is the nation’s leading

NIST's resilience research focuses on the impact of multiple hazards on buildings and

organization dedicated to helping achieve true
community and corporate sustainability through the
promotion of resilience based building design.

communities and on post-disaster studies that can provide the technical basis for
improved standards, codes and practices used in the design, construction, operation

and maintenance of buildings and infrastructure systems.

The Uniqueness of ANCR’s Community Resilience

Benchmark “The goal of the Community and Regional Resilience Institute (CARRI) is to
strengthen any community or region’s ability to prepare for, respond to, and rapidly
recover from significant human caused or natural disaster with minimal downtime

« Will provide a practical, easily understood benchmark for assessing cross-function resilience for the community.”

against which a community may measure itself and identify its strengths and weaknesses.
» Will provide a practical and easily understood pathway for action by identifying which standards,
ratings, certifications and best practices a community should achieve or adopt to become more
resilient. Welcome to the RELI Resilience Action List + Credit Catalog. RELI <pronounced refy> combines a comprehensive list of

. o - - r iter. i | iti
= Wil lcok at all aspects of the community's resilience — the built infrastructure, the economy and ESINCA ceSIEN CTRTIELII the (tEStin PIOVN rReSTAVE QUICESS IO OEVFIOPING NEXE RENFIMION COIUNIIES;
: neighborhoods, buildings, homes and infrastructure, RELI is a project rating system similar to LEED®, but with added

emphasis on resifience. The Credit Catalog includes new resilience-based actions {requisites + credits) pioneered for RELI in
« Will Consider the functions (rather than individual systems) that a community must perform to be 2014, REL: also aggregates action items from other sustainable guidelines that support resiliency.

resilient thereby inherently addressing the interdependency of critical systems.
= Will primarily uses existing standards, ratings, certifications and best practices to create the
benchmark.

the social fabric — using a “whole community” approach.
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Figure 1: Billion Dollar+ Extreme Weather Events in Frequency and Losses
from 1980-2014 (Earthquake Losses Included)’
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Building Sciences, October 29, 2015

DuPont Safety & Construction



2017 Disaster Costs

(@) $1258

Hurricane Harvey 2ugust 25-31

$90B

Hurricane Maria Sspt=mber 1921

$50B

Hurricane Irma Sspi=moer 6-12

$18B
Western wildfires, California
firestorms Summsr-rall

@
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@

(5) $3.4B
Colorado hail storm and
Central severe weather 1iay 3-12

®

@

$2.5B
North Dakota, South Dakota and
Montana drought Sorng-Fal

$2.6B

South/Southeast severe weather 'arcn 2623

‘D’SZ4B

Minnesota hail storm and Upper
Midwest severe weather Jun= 2-12

&)
@
5
L)
&

$2.1B
Midwest tornado outbreak 1/zrch 5.3

$1.8B
Central/Southeast tornado outbreak

February 28 - March 1

$1.7B

Missouri and Arkansas flooding and
Central severe weather 2ori 25 - May 7

$1.5B

California flooding F=oruary 3-22

$1.5B
Midwest severe weather Juns 12-16

$1.4B

Midwest severe weather Juns 27-29

$1.1B

Southern tornado outbhreak and
Western storms January 20-22

$1B
Southeast freeze \arch 14-15

Ref: US shatters record for disaster costs in 2017 by Brandon Miller, CNN Meteorologist, Updated 12:06 PM ET, Mon January 8, 2018
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Buildings are only one piece of resilience

Necessary Community Functions/Infrastructure:

A
A
A
A

Too Too oo oo Too To Too Too Too Too To

A Transportation
A Water

Buildings
Business - -
Communications If one I|n k IS brO ken
Communication Infrastructure - .
Culture & Recreation the commun |ty Wi ”
Education & Training !

Energy not function properly.
Finance

Governance

Local Government
Natural Environment
Neighborhoods

Health Care

Public Safety & Security
Solid Waste
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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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Modern Building Code Adoption is recognized as an
essential criteria for achieving Resilience.

FEMA analysis from 2014 estimated approximately
$500 million in annualized loss avoided in eight
southeastern states due to do the adoption of modern

o Alliance for National Community Resilience Buildings
building codes.

Benchmark Requirement (not yet published)

Disaster Recovery Reform Act of 2018 includes _ _
grants for updating codes. An Insurance Institute for Business & Home Safety

study following Hurricane Charley found that post-
Hurricane Andrew code improvements and code
Researchers at the Whart ongpfi€atiof id Fiétia rdducédkhe frequency of
Management and Decision Processes Center found property damage by 60 percent and the severity of
that modern and wellZnforced building codes in damage by 42 percent for residences.
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
B Mitigation Measure.

Natural Hazard Mitigation Saves:
2017 Interim Report

National Benefit-Cost Ratio Per Peril Federally Beyond Code
*BCR numbers in this study have been rounded Funded Requirements

Overall Hazard Benefit-Cost Ratio 6:1 4:1

Riverine Flood

Hurricane Surge

Wind

""""

Earthquake
Wildland-Urban Interface Fire
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Resilient buildings are a critical component of
resilient communities.

Building Community

What makes a building resilient?
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Buildings contribute to all phases of resilience.

Mitigation

A Moisture Management
A Mold prevention
A Condensation prevention
A Decay prevention
A Flood prevention
A Air Leakage Mitigation
A Pollutant mitigation
A Condensation prevention
A Thermal performance
A Thermal Performance
A Affordability
A Comfort
A Structural Performance
A Wind damage prevention

Response

A Moisture Management
A Manage bulk rain water
A Condensation controlled
A Air Leakage
A Smoke and other
pollutants kept out
A Condensation minimized
A Thermal performance
maximized
A Thermal Performance
A Ability to shelter in place
with power loss
A Structural Performance
A Roof and exterior
material stability under
stress

Recovery

A Moisture Management
A Materials and
assemblies that stay dry
or dry quickly
A Air Leakage
A Condensation minimized
A Thermal performance
maximized
A Thermal Performance
A Ability to shelter in place
with power loss
A Structural Performance
A Easy minor repairs
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Energy Efficiency including thermal envelope
effficiency s important aspects of Resilience.

WEATHER FATALITIES |

BELOW IS A CHART OF THE TOP 5 WEATHER
PHENOMENA THAT KILL PEOPLE EACH YEAR
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TYPICAL CURRENT CODE HIGH-PERFORMING

Row House off @ off @ off @
Brick Low-Rise off @ ot @ off @
Pre-2000 Brick

High-Rise off @

Post-2000 Brick
High-Rise off @ off @ off @
All-Glass High-Rise ot @ off @ off @
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AVERAGE FATALITIES EACH YEAR IN THE U.S.

Heat 131
Flood 84
Tornado 70
Lightning 47

Winter Storm 39

| I | | | | 1
0 25 50 15 100 125 150
Based on a 30-Year Average (1987-2016)

SOURCE: http://www.nws.noaa.gov/om/hazstats.shtml|

A NATIONAL WEATHER SERVICE

OCEANIC AND ATMOSPHERIC ADMINISTRATION

.Des Moines - lowa

Typical buildings would be between 32°F and 43°F indoors. New buildings are a little
better, but still not resilient. A high-performing building that has better windows, fewer
air leaks and more insulation would do much better. Without power, these buildings
would stay at 54-66°F for a week or more.

Baby

ltdéds Cold Inside, 2014 report by Urban

Gr een
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Building
Resilience

Assembly

Performance
Quality Installation

T

Quality Materials
- —_
Durability
Energy Efficient
Air & Moisture
Management
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Energy

Share of total energy consumed by major
sectors of the economy, 2012

Effficient

"Includes electricity consumption.

Source: U.S. Energy Information Administration, Monthly Energy /h

Review, Table 2.1 (April 2013).preliminary 2012 data.
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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

Residential Buildings

From energycodes.gov Updated as of June 2018
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State Adoption of IECC-C

Commercial Buildings

A
T
( =
A

f

From energycodes.gov Updated as of June 2018
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Building Energy Efficiency

1 Alnsulation
Bwldlng AAir Sealing

Envelope py=ysessme

: AHeating & Cooling
Mechanical AVentilation

Systems  xyyse. Heating

ALighting
AControls

Lighting
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Building Envelope

U Increase cavity insulation
ncrease continuous insulation (ci)

Energy Efficiency

Thermal Management Reduce thermal bridges

J

A Advanced framing
A Continuous insulation
U Reduce air leakage
A Air barriers
A Air impermeable insulation
A Insulation installation

Alir
Barriers

Radiation
Control

Insulation

Thermal
Mass
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Thermal Bridges

No Exterior Continuous With Exterior Continuous
Insulation Insulation
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Reducing Thermal Bridges

Advanced Framing
Framing placed at 24" on center

Standard Framing Standard Framing

Framing placed at 16" on center Cavity 7%
Plates & studs  19%
Headers 4%

Studs at

24" 0.C Insulated wall

Intersections

Insulated cripples Advanced Framing
lsolated wall intersections COMers eliminated Cavity E3%
Isolated cormers must be Insulated Mates & Studs  13%
must be insudated Note: Approximately 25% less wood in advanced frome wals Headers 4%

Exterior Continuous
Insulation

Figuresfron? { 9/ . dzA f RS NIMBEditiod WashifytoDItakeRIGivErsity Extension Energy Program. Photo courtesy of Construction Instruction.
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R-values of Components & Assemblies

Wall Assembly

Component

Outside Air Film
Exterior Insulation

| 0 OSB .62 .62 .62 .62
Stud Wood 3.71 n/a 3.71 n/a
Cavity Insulation n/a 13 n/a 13
| 0 Gy pwalboard 45 45 45 45

Interior Air Film
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Effect of Air Leakage on Heating and Cooling Energy

% Energy Savings w/ airtight envelope (Framed Bldgs.)

50%
ge sg% 1% a1% 4% 7% to 42%
m 0%
E 3% ® F-Multifamily
& 30% ®F-Office Bldgs.
= F-Retalls
£ o
2
§ 10%
*

3

Bismarck Minneapolis Si. Louls Phoenix Miami

Source: “Investigation of the impact of Commercial Building Envelope Airtightness on HVAC Energy Use”, S. J. Emmerich,
Tim McDowell, W- Anis
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Air Leakage Impact on Energy Use:
Degradation of Air Permeable Thermal Insulation Performance

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

=m=\Nall 3 Without
Housewrap

=B=\\all 3 With
Housewrap

)

=m\Nall 4 Without
Housewrap

=B=\/\all 4 With
Housewrap

=m\Nall 6 Without
Housewrap

Effective R-value

=B=\Nall 6 With
Housewrap

Simulated Wind-Load (kph)

Source: Impact of Airflow on the Thermal Performance of Various Residential Wall Systems utilizing a calibrated honhebE Mredopes VI/ Heat Transfer in WallBrinciples
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1. the ability to be sustained,
supported, upheld, or confirmed.

2. Environmental Science. the
guality of not being harmful to
the environment or depleting
natural resources, and thereby
supporting long-term ecological
balance:
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