Resilient Design

Building for the Future Climate

Local Solutions:
Eastern Climate
M EIEESS
Conference

May 1, 2018

Alex Wilson, President
Resilient Design Institute

Founder, BuildingGreen, Inc.

Spaulding Rehab Hospital in Boston - photo: Perkins + Will



Waking up to the realities
of climate change

= We need buildings and
communities:

— That are resistant to
damage from storms

— That will protect occupants
from reasonably expected
events

— That will maintain livable
conditions in the event of
power outages, loss of fuel,
or water shortages

= An issue both at the
building scale and the
community scale
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Residents evacuating to the Superdome
during Hurricane Katrina. Photo: FEMA



A different motivation

Safety vs. “doing
the right thing”

Speaks to self-
Interest

Potential appeal
to a broader
political spectrum

For me, the
motivation is to
gain more rapid
buy-in and
accomplish more

Potential for
incorporating

measures into e e
building codes Net-zero-energy farmhouse in Vermont. Photo: Alex Wilson
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WIND ZONES IN THE UNITED STATES*

WIND ZONES

ZONE |
(130 mph)
] ZONE I

160 mph
OTHER CONSIDERATIONS e
[ ZONE M

Special Wind Region (200 mph)
* Hurricane-Susceptible Region I ZONE IV
(250 mph)
* Design Wind Speed measuring criteria
are consistent with ASCE 7-05

— 3-second gust

— 33 feet above grade

— Exposure C

Wind zones in the U.S. from FEMA - Shelter from the Storm.




Designing for Extreme Winds

the Adirondacks. Photo: Adirondack Almanac

1995 derecho that hit
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Derecho storm track from July 15, 2005. Source: NOAA




Designing for Extreme Winds
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Hurricane strapping and framing tie-down - photos: Simpson
Strong-Tie

Hurricane strapping and
framing tie-down
components

More wind-resistant
geometries: i.e., hip roofs

High-strength roof
sheathing

Exterior shutters

Resilient building systems,
such as ICFs

Adherence to Fortified
Commercial: Hurricane or
Fortified Commercial: High
Wind & Hail

Adherence to ASCE/SEI 7-
10 - Min. Design Loads for
Bldgs. & Other Structures



Designing for Extreme Winds

Simpson Strong-Tie hurricane straps in South Padre Island, Texas condo —
photo: Rob Dickehuth



Designing for Tornados — Not only a
concern in "Tornado Alley”
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damage from Jne 1953; Worcester F5 tornado; 94 killed,
2less. Photo: AP




Designing for tornados
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Safe room being built in Sioux City, lowa. Photo: Dave Gatley, FEMA

Designing building to
withstand tornados
is not realistic

Safe rooms: modular
or site-built

Typically concrete or
reinforced masonry

Anchored to bsmt. or
garage slab

Hurricane-rated door

Outfitted with hand-
crank radio and
other emergency
supplies



TORNADO ACTIVATY IN THE UNITED STATES®

Summary of Recorded EF3, EF4, and EF5 Tornadoes
Per 2,470 Square Miles (1950-2006)
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NOAA tornado data — 1950 - 2006




Safe rooms - lots of options

FamilySafe steel storm shelter under stairs Secureall steel storm shelter



Safe rooms - they really work

Above-ground steel storm shelter after tornado - photo: FamilySafe Storm Shelters




Taking Shelter From

the Storm:

Building a Safe Room For Your Home or Small Business

Includes Construction Plans and Cost Estimates
FEMA 320, Third Edition / August 2008

Adherence to Fortified
Commercial: High Wind
& Hail Standard

Design of safe rooms
using FEMA guidance:

— P-320 (home and small
business),

- P-361 (community and
residential buildings)

- P-431 (refuge areas in
buildings)
Dozens of
manufacturers of pre-
fabricated safe rooms



Design for flooding

= Storm surge in
coastal areas

= Tidal (clear-day)
flooding due to
sea level rise

= Inland riverine
flooding from
intense storms
and spring runoff
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0, Vermont
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Flat Street, Brattlebor




Surviving floods
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New England Youth Theater, Brattleboro. New England Youth Theater, Brattleboro.
Photo: Jerry Stockman Photo: Jerry Stockman



71% increase in intense
storms in the Northeast
from 1958 - 2012

Similar trend in other
regions—though not as
extreme

Even in areas where
there may be less total
rainfall, it is coming in
more intense storms
Causes river valley as
well as coastal flooding Change (%)
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Percent increase in very heavy precipitation 1958-2012
(defined as the heaviest 1% of all events). Source: 2014 Nat'l
Climate Assessment



Sea level rise

Atlantic Ocean

[
B
5 PR —
5 W
= S

Daytona
Beach

.?'

Gulf of Mexico Cape

Canaveral

Saint
Petersburg

3

USA: Florida

Weiss and O\ferpei:k 0 100 km e
The University of Arizona




Sea level rise g

‘r : L
[ _-';r'r{ ~ Atlantic Ocean
b A
A
¢ 1 & Jacksonville
b

Daytona
Beach

bing

,  Cape
{ | Canaveral

\

Gulf of Mexico

Saint
Petersburg

o

USA: Florida

Weiss and Overpeck 0 100 km ' 2
The University of Arizona




Sea level rise
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Elevating buildings above the ground
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Post-Katrina home in New Orleans’ Lower 9th Ward built through
the Make it Right Foundation. Photo: Alex Wilson

Most important in
flood-prone areas

Can use pier
foundations

Break-away
coverings on piers

Easiest in
retrofits, but can
elevate existing
buildings



Elevating mechanical equipment
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Elevating mechanical equipment in Carolina Beach, NC. Photo: Dave SaviIIe, FEMA



Specifying materials that can survive

—weitting ____

Polished concrete floor - RetroPlate photo



Wet floodproofing

Lowest floor elevation Openings allow floodwaters
at or above DFE To enter garage

= Allowing floodwaters to
flow into a basement or
through a building

= Prevents hydrostatic
pressure from knocking
the building down

= Recommended by
FEMA for residential
Flood damage-resistant =
matérials below and most commercial
buildings

Openings allow floodwaters
to enter enclosed area
below floor (such as a
basement or crawlspace)

Foundation wall

Lowest floor
at or above DFE

FEMA




ing — keeping water

Dry floodproof

Flood barriers on a commercial
building in Providence, RI
Photo: Alex Wilson




Floodproofing guidance

= Lowest floor at BFE + 5
(five feet above base
flood elevation)

= Meet or exceed the
IBHS Commercial Risk
Engineering Bulletin for
Flooding

= Engineered to achieve
comparable standards

Coastal Construction
Manual

Principles and Practices of Planning, Siting, Designing,
Constructing, and Maintaining Residential Buildings
in Coastal Areas (Fourth Edition)

FEMA P-55 / Volume I / August 2011

FEMA




As temperatures rise,
heat waves will also

increase in frequency,
severity, and duration

Can lead to significant
increase in fatalities

Elderly people most
vulnerable

Over 30,000 deaths in
Europe in 2003

/750 deaths in Chicago
in 1995

7 e 5 :J:’A'..':,":A"- . ,{ y
Land Surface Temperature difference [K]
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Summer 2003 temperature extremes in Europe — NASA Earth Observatory



Number of Days >= 100°F

June 1 - September 15, 2012




Mechanical systems for a hotter climate

An 18,000 Btu/hour air-source heat pump for heating and cooling
our net-zero-energy house in Vermont. While | rarely need air
conditioning today, that might be very different in a few years.

Photos: Alex Wilson



Drought & Water Shortages

Lake Mead, October 2007, Ken Dewey photo

Washington Post photo



U.S. Drought Monitor  “7.2"%

U' S' D r o ug h t M on i tor (Reieagg;jirfi;, 52.122 2018)

Valid 8 a.m. EDT

nsity:

DO Abnermally Dry

D1 Drought - Moderate

D2 Drought - Severe

D3 Drought - Extreme - N

D4 Drought - EXCptionsl 1, o wiracr cooay
+ Drought Monitor focuses on broad-scaie conaitions,
al conditions may vary. See accompanying text summary
‘orecast statement Released Thursday, May 9, 2013
tp:fidroughtmonitor.unl.edu/ Author: David Miskus, NOAA/NWS/NCEP/CPC

Drought Impact Types:

r~ Delineates dominant impacts

S = Short-Term, typically less than

& months (e.g. agriculture, grasslands)

L = Long-Term, typically greater than
6 months (e.g. hydrology, ecology)

Intensity:
Author: o [] DO Abnormally Dry
Brad Rippey . P " [] D1 Moderate Drought
U.S. Department of Agriculture [0 D2 Severe Drought
I D3 Extreme Drought
I D4 Exceptional Drought

The Drought Monitor focuses on broad-
scale conditions. Local conditions may
vary. See accompanying text summary for

forecast statements.

http://droughtmonitor.unl.edu/

Source: National Drought Mitigation Center - University of Nebraska - Lincoln



Delta H2Okinetics 1.5
gpm showerhead

Niagara Stealth 0.8 gpf
vacuum-assist toilet

Xeriscaping near Phoenix - Photo: Alex Wilson



= Water efficiency credits
in the LEED Rating
System

= Landscape water
conservation in the
SITES Rating System

= WaterSense standards
for plumbing fixtures

SITES v2

Rating System

For Sustainable Land Design and Development




100 Miles

B Red indicates HUD and FHA requirement
for new construction termite treatment

Ranges of some insects are extending north, including termites. Map: Nisus Corporation



] Present-Day Suitability for Aedes aegypti
B Future Suitability for Aedes aegypti

Metro Population

7 3 ° F
20,9000 : ¢ 4 >k Counties with recent local * (¥
5,000,000 . 8 dengue or chikungunya .
transmission

Map showing the range of the Aedes aegypti mosquito, which transmits viruses causing
Zika, Dengue and other viruses, for present-day (1950-2000) and future (2061-2080;
RCP8.5) conditions. Map: Andrew Monaghan, Univ. Corp. for Atmospheric Research




& = Caulk —

Rigid foam insulation —

(extends under entire slab
and replaces polyethylene

Sill gasket membrane
(also serves as

NN,

vapor retarder) | - capillary break)

Concrete slab —

“ « Metal termite flashing

Gravel base —
(4-6" deep
coarse, no fines)

Polyethylene or damp

proofing capillary break
o
Concrete footing below frost depth ——

Example of termite flashing in a typical construction system. Graphic: Pacific Northwest
National Laboratory for the Building America Solutions Center




Design strategies for insects

= Lots of options with insect
screens

= Shown here is a Larsen
integral storm-screen
window being installed

= The screen rolls up into a
valance at the top of the
window and is hidden
from view when not
deployed

= Can be operated from
inside the house

Photo: Alex Wilson
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Vulnerabilities with energy production
and distribution in the U.S.

e 160,000 miles of high-
voltage power lines

e 3,400 power plants

e 150 refineries, half in the
Gulf Coast

e 2.5 million miles of oil
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89% of U.S. electricity
generation from thermal-
electric power plants

40% of U.S. fresh water
extractions in the U.S.
used for power plants

Vast majority of power
plants on rivers

One TVA nuclear plant in
Alabama shut down briefly
in 2007 due to low water

In 2003 drought and heat
wave in Europe - more
than a dozen plants shut
down or output reduced

Shasta Reservoir Lak}a Oroville
23% | 39% 26% | 42%

520 |
0 4—4*
Millerton Lake
34% | 86%

|
Pyramid Lake
93% | 105%
Graph Updated 11/18/2014 06:15 AM

Ending At Midnight - November 17, 2014

Folsom Lake
29% | 59%




Other vulnerabilities

= The issue of
cyberterrorism has
gained a lot of
interest recently

= Ted Koppel’'s 2016
book Lights Out lays
out the dangers




Cascading impacts of power outages
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Gas line in Woodbridge, NJ on November 1, 2012 — photo: AP



Even those with generators vulnerable
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Gas line in New Jersey, November 1, 2012 — photo: Getty Iméges



Keeping occupants safe in a building
that loses power: passive survivability

Wintertime thermal image of a Passive House in Brooklyn, NY. Reds and yellows indicate
higher surface temperatures. Very little heat is being lost from the row house in the center,
which has been retrofit to meet Passive House standards. Photo: SGBUILD.com



Typical Building

BO°F
75°F
70°F
65°F
60°F
55°F
50°F
45°F
40°F
35°F
30°F
25°F
20°F

15°F
10°F

blackout

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7

Row House
Brick Low-Rise
Post-2000 Brick High-Rise

All-Glass High-Rise

Pre=2000 Brick High=Rise
Single-Family House

! Outdoor Temperature

Temperature modeling by Atelier Ten for the report “Baby It's Cold Inside,” Urban Green, NYC




High-Performing Building

80°F -
75°F
70°F
65°F
60°F
55°F
50°F
45°F
40°F
35°F

30°F

25°F |
20°F
15°F
10°F

blackout

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7

Row House
' Brick Low-Rise
i Brick High-Rise
' All-Glass High-Rise

Single-Family House

Outdoor Temperature

Temperature modeling by Atelier Ten for the report “Baby It's Cold Inside,” Urban Green, NYC




Typical Building
105°F

100°F

bfackout

95°F

f All-Glass High-Rise
90°F . | | ! )\ e A  Single-Family House
- - ! B Pre-2000 Brick High=-Rise

Post-2000 Brick High-Rise
Row House
AV \ . Brick Low-Rise

' Qutdoor Temperature
B80°F | W | : ]

85°F

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Temperature modeling: Atelier Ten, New York City in “Baby It’s Cold Inside,” Urban Green Council




High-Performing Building
105°F

100°F

o
3
£
o
3

95°F -

90°F |

Single-Family House
All-Glass High-Rise
Row House

Brick High=Rise

Brick Low-Rise
Outdoor Temperature

85°F

Day 2 Day 3 Day 4 Day 5 Day & Day 7

Temperature modeling: Atelier Ten, New York City in “Baby It’s Cold Inside,” Urban Green Council




Maintaining habitable temperatures

27 Maintain Habitable Temperatures
Without Power

Issue: Utility failures often disable heating

and cooling systems, leaving interior building
temperatures dependent on whatever protection
is provided by the insulation and air sealing of a
building’s walls, windows, and roof.

Recommendation: Extend the mandate of the Task
Force through Fall 2013 to develop a multiyear
strategy for ensuring that new and substantially
altered buildings maintain habitable temperatures
during utility failures. Clarify requirements for
tightly sealing new windows and doors and
upgrading roof insulation during roof replacement.

4 further action

Building Resiliency Task Force in New

Recommendation from the Building Resiliency Task Force York City — Final Report, June, 2013




Defining “passive survivability” or
“thermal habitability”

May 2013 RDI charrette in NYC on metrics of passive survivability. Photo: Alex Wilson
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Overheating and passive habitability:
indoor health and heat indices

Seth H. Holmes' Thomas Phillips? and Alex Wilson®

1D‘Epar"lm&ﬂt of Architecture, University of Hartford, 200 Bloomfield Avenue, West Hartford, CT 06117, US
E-mail sholmesi@hartford.edu

“Healthy Building Research, 835 A Street, Davis, CA 95616, US
E-mail: tjp835/@ sbcglobal net

*Resilient Design Institute, 122 Birge Street, Brattleboro, VT 05301, US
E-mail: alex(@resilientdesign.org

Ag extreme heat and wearther events are predicted to increase due to global warming, the risk of human heat stress within
buildings will increase. To be resilient, buildings will need the capacity to provide habitable indoor conditions without
power for limited amounts of time. Additional indoor thermal standards are required for public health to address “passive
habitability’ during power outages. Cuorrent research on building-related heat stress and nmumerons heat indices is
examined in relation to the development of a new heat-safety metric for use in passively conditioned buildings. Most
indoor overheating research relies on ourdoor temperature data and has no common indoor heat index for evaluating
indoor heat stress. A recommendation is made for using the wet-bulb globe temperature (WBGT) and predicted heat
strain (PHS) indices for modelling and monitoring of indoor heat stress in healthy adult populations because both
indices utilize the primary thermoregulation variables, have associated heat-stress thresholds, and can be assessed or
tracked with existing environmental monitornng methods and predictive energy modelling techniques. Further
research is recommended on health effects and exposure limits of vulnerable populations, and the varation in
thermal factors within buildings and the building stock.



Different from “"Comfort Zone”
“Habitability Zone” much wider

Influenced by temperature,
humidity, mean radiant
temperature

You can evaluate using SET
temperature (Standard Effective
Temperature)

For the LEED pilot credits on
resilient design, we defined safe
range: a low of 54°F SET to high
of 86°F SET

We also defined how much time a
building can deviate from that
habitability zone

Based on limited physiological
data

=
=
=
E
03
=
1]
b
=
L
o
H"E

65 70 75 80 deg. F 65 70 75 80 deg. F

Dry bulb temperature
Summer

Dry bulb temperature
Winter

Conventional “Comfort Zone”
Jonathan Ochshorn, 2010




Requirements:

= Demonstrate through thermal modeling that a
building will maintain “livable temperatures” during
a power outage that lasts 7 days during peak
summertime and wintertime conditions of a typical

year.
Key Definitions:
Standard Effective Temperature:

SET factors in relative humidity and
mean radiant temperature

Habitable Zones: Defined by team

Occupant Density: necessary to
accommodate the total building
population in the habitable zones.

Ventilation: All habitable zones must
have access to natural ventilation

Habitable temperature:

Cooling: Not to exceed 9 °F SET-
days (216 °F SET-hours) above
86°F SET for residential buildings.

Cooling Not to exceed 18 °F SET-
days (432°F SET-hours) above 86°F
SET for non-residential buildings.

Heating: Not to exceed 9 °F SET-

days (216 °F SET-hours) below 54°
SET for all buildings.



Spaulding Rehab Hospital, Boston, MA
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Spaulding - protection from flooding
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Spaulding - floodable first floor

= Wet floodproofing

= 100% wettable materials
(tile, polished concrete,
etc.)

= Therapeutic pool

= Therapeutic exercise
area with portable
equipment

= Avoidance of mechanical
systems

Photo: Spaulding Rehab Hbspital



Spaulding - operable windows

Photo: Alex Wilson
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Photo: Anton Grassl/Esto, Courtesy of Perkins+Will
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Spaulding - elevated equipment

= Utility service in penthouse
floor

= Rooftop CHP system

= Chillers, air handlers,
ventilation, boilers in two
penthouse floors

= Two back-up generators in
penthouse - either could
operate hospital

= Most diesel fuel stored in
basement - bunkerized
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Photo: Alex Wilson
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Designing Homes for More :
Intense Storms \

Anybody who was in Vermont one year ago this week
and witnessed the raging floodwaters of Hurricane .
Irene and the havoc they wreaked, understands the
vulnerabilities we face from intense storms and

flooding. In the Northeast, there was a 67% increase
in heavy rainfall events...

"If they lose electricity, few buildings in the U.S. can provide as much comfort as my

backpackmg tent



