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Climate Change and Resilience

* Measurable Impacts
*Loss of Lives,
« Damage to Infrastructure
« Economic Costs

* Implications beyond Measurable Impacts

« Loss of Elements of Social Capital
* |dentity
« Culture
 Historical
« Community




Resilience Integrated into Sustainability

* Adoption

Resilience is the « High-performance

new Sustainability codes
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Functional and Community
Resilience

Resilience is the abllity to anticipate risk, limit impact, and
bounce back rapidly through survival, adaptability,
evolution, and growth in the face of turbulent change.

Resilient communities

« Minimize damage and losses of property, environment and
lives

* Quickly return citizens to work, reopen businesses, and
restore other essential services

Functional Resilience

« A structure's durability and competence to maintain its
integrity and its function restored.



Resilience into the Equation

Infrastructure resilience
can be characterized by
the three R’s:

Robustness, resourcefulness
and recovery.

After Hurricane Sandy, the ICF home was structurally

SEC u re y Du rab I e a.n d intact, with only a section of exterior siding missing.
Resilient Design includes:

Energy Conservation,
Environmental, Safety,
Security, Durability,
Sustainability and
Operational Efficiency

Another home, just three lots down, looked like this
following the super storm..



Climate Resilient Buildings

Protection of buildings, cities,
Infrastructure and lifestyles
against risks associated with
extreme weather and related
social, economic and energy N RRIC ke
events require 300 MPH+

* Durability

 Resilience

EARTHQUAKE MOISTURE
ALL SEISMIC ZONES WILL NOT ROT




During and After...
How are you going to live?

_Ive with Family and
~riends

_ive In a Hotel
Stay In a Shelter

Move to another location
and start over?

LIVE IN YOUR OWN
HOME... IT’S YOUR
INVESTMENT!!




IBHS - Strategy

Insurance Institute for Business
and Home Safety (IBHS) criteria
that greatly increase a new
commercial building’s durability
and resilience to natural and
manmade hazards
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for Safer Living &

Standards

IBHS FORTIFIED for Safer
Business Designation (3 points)

Achieve the Insurance Institute for
Business and Home Safety’s
(IBHS) FORTIFIED for Safer
Business (FFSB) designation. To
gualify for this credit option the
building must meet all design,
construction and inspection criteria
such that the building receives the
IBHS FORTIFIED for Safer
Business designation.



Keys to Surviving your Disaster

e i [ o

Leading edge of a derecho-producing convective system.

Storm Proofing
« High Winds, Hail,

Hurricanes and Tornados Provides Resistance To Uplift &
« Straightline Winds Lateral Forces, Designed To Help
e« Derecho Winds Counter The Effect Of High Wind &
Seismic Events
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Flooding

Eastern US, 2007



Keys to Surviving your Disaster

FEMA Guidelines for
Coastal Construction

« Masonry or concrete
reinforced foundation
walls

« Concrete Piers

e Concrete Piles

Pass Christian, Ms., September 27, 2005 --
Mississippi resident Scott Sunberg is
building a steel reinforced concrete house
using many FEMA building standards that
would minimize potential destruction from a
hurricane. Hurricane Katrina came through
this area and his was the only house still
standing in the neighorhood.



Let it Snhow.....

Structural systems can
be cast in-place,
precast, or post-
tensioned.

Because of the
relatively high self-
weight (dead load) of
concrete systems,
concrete structures Snow load is the downward force on a
have a low building’s roof by the weight of

T accumulated snow and ice.
susceptibility to snow-
iInduced failure.




Power Outages

Material Densig,r Volumetric Temperature rise (°C)
(kg/m*) specificheat from application of
(Wh/m®K)  1kWto Im®for 1 hr
Concrete 2100 430 2.0
Brickwork 1700 380 2.6
Lightweight concrete 1000 280 3.6
Plasterboard 850 220 45
Timber (softwood) 600 200 5.0
Plywood 630 200 5.0
Fibreboard 300 80 12.5
Mineral wool 12-40 10 100
Water 1000 1160 0.8
Alr 1.2 0.33 3030

Thermal capacity is the (Specific Heat) X (Volume)

Volumetric Specific Heat for Building Materials




Thermal Mass Principles

glass —]

air space
thermal mass

insulation

insulation

Solar Gain Example

The sun's heat is collected and
trapped in a narrow space between
the window and the thick masonry
wall (thermal mass) after it passes
through the windows.

This heats the air, which rises and
spills into the room through vents
at the top of the wall. Cooled air
then moves to take its place from
vents at bottom of the wall. The
heated air circulates throughout the
room by convection.

The thermal mass continues to
absorb and store heat to radiate
back into the room after the sun
has gone.



Basic Passive Solar Design




Earthquake Resistance

FEMA Documentation

« Above Code
RECO m m en d at| 0 n S Proposed Amendments to the

International Building Code, 2009 edition,
Relating to High Performance Building
Requirements for Sustainability

Version 2.0 September 2010

. s . These amendments to the Intemational Building Code are intended to provide
Homeblllldel‘s GUlde tO high parformance building requirements for use by state and local govemments
. . and Federal Agencies to implement sustainable or green building initiatives.
Earthquake ReSIStant Des‘gn The qul.iml'l:lal‘l‘tﬁ me_nfunmtbed to facilitate adoption as amendments to the
and Constl‘uction 2009 Inte mational Building Code. In addition to energy efficiency and typical

sustainability criteria, enhanced sustainability is accomplished with requirements
for increased disaster resistance and improved durability.

FEMA 232 - June 2006
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Earthquake Resistance

Hurricane straps and anchor bolts join the roof
system to the structural reinforced concrete wall.

Standard floor joists attach directly to the ICF
wall system providing superior strength.

BuildDeck ICF flooring integrates into BuildBlock
walls providing structural support, insulation, sound
prooﬁng, and protection from disaster.

BuildBlock forms provide structural support
for lintels above doors and windows.

ICFs e grqcle dlmple or adhesive
membranes for waterproofing keeping your
basement warm and dry.

ICFs fie into the foofings and create the monolithic structural
concrete outside walls that extend to the roof for the highest
energy-efficiency, sound proofing, and disaster resistance
available today.




Let it Snhow.....

Structural systems can
be cast in-place,
precast, or post-
tensioned.

Because of the
relatively high self-
weight (dead load) of
concrete systems,
concrete structures Snow load is the downward force on a
have a low building’s roof by the weight of

T accumulated snow and ice.
susceptibility to snow-
iInduced failure.




Fire Resistance

Minimum 2 hour fire separation provided by concrete
products saves lives and properties from
destruction.




Fire Resistance

*Masonry
® Concrete

Clear the area 100 feet around
your home of dead grass and

RATED FIRE-RESISTIYE PERIODS FOR WARIOUS WALL AND PARTITIONS »=»

MINIMUM FIMISHED THICKMESS .
uarersaL |t coNSTRUCTION Face-To-Face inches) leaves. Space out vegetation and
& hours | 5 howrs 2 haurs 1 hours .
117 | Eopaeted g or o i | a6 | sz | @ trim tree branches.
Congrals 3.5.2% Eapanded clay, shale or slate L] 4.4 3.6 6
;f.-lili i Jy Limestone, <inders or alr-caaled slag R ] ] a4.4 k)
ER LY Calgaregud o gllicemiut groaeel & 53 4,2 a8

Source: 200.F 180 Code Table F20.172)



Innovative Solutions

. Substructgres Renovations
+ Foundations, Ground Floors . Fipors and Columns
Jet Grout Féundations, ’ * Renovating Columns with
Large slabs UHPC
e Superstructure Services
« Frame, Upper floors, Roof, « Watertanks
Non-structural walls, VY iah
Windows and Doors atertight Concrete
. Semi-precast double wall, « External Works

Hollow Column with Air
Circulation, Double skin « Pavements
walls, Cement earth block, « Pervious, Colored

Floors with void formers, _
Thermoactive Hollowcore Concrete, Open Grid Pavers

Precast Slabs, etc. o
« Complete Buildings

 Thermal Solutions
» Vertical Villages — Smart Growth

* Internal Finishes

 Floor Finishes

* Underfloor Heating with Self-
leveling Screed, Colored
Concrete



Climate Adaptation/Mitigation Design

®* Cooler Communities
e Pavements
« Building Facades

LATE AFTERNOON TEMPERATURE

* Energy Efficient Design

« Building Envelope
Design

* Water Efficiency

« Permeable Concretes
 Water Storage

- Return Water to Aquifer cool communitier




Climate Adaptation/Mitigation Design

* Practical design, so that
decision makers can not
only see clearly what
problems they face, but also
find the solutions they need,
In order to respond to
power and water supply
needs in a changing
climate.

* Energy Efficiency

« Water Efficiency




Understanding Hazard Mitigation

Concrete Sustainability Hubi#IT: Life Cycle Assessment Research Brief - March 2013

Quantitative Assesment of Resilience in

* MIT Concrete

Residential Building Envelope Systems

Problem

Pesilience refers to “the capacity to adapt to changing
conditions without catastrophic loss of form or func-
‘ion™. The term is often used in the context of individu-
al buildings, but in reality, resilience invelves numerous
glements of complex systems, as depicted in Figure 1.
Resilience does not describe an independent attribute of
2 building buat rather the dependencies betwesn the var-
tous dimensions, which determine the building’s resili-
ence within the centext of the sumounding system. The
residential building design and comstraction ndustry
has zeroed its attention on the physical aspect of resili-
ence (highlishted in the figure). with a specific focus on
2 building's response to hazards. As such methodole-
Eies are needed to quantify a residential building’s con-
tribution to 2 community s overal] resilisnce.

Figure |. Resillenos b nel an bolsied sitribuic of « beilding. bul ra-
ther 2 roscept that describes the interlepenidencies bet cen different
dimcsaions of the serrounding sysim®.

Appreach

The goal of the Hub's research is to explors the current
state of tools and metheds that attempt to quantify the
resistance of residential struchure: to destmuctive events
and incorporate those into a cost-benefit analysiz. The
ressarch iz fooused on the mole of envelope systems
within the larger framework of multiple building srate-
gies. Process-based cost models are nsed fo caloulate
cost, which enable exploration of the cost drivers for
different comstruction scemaries. Physical resilience i
one of multiple metrics that will be incorporated into a
life cycle cost amalysis to chamcterize the benefits of
constructon systems. As part of the research, we sur-
weyed curent practices m the inomance and constrac-
ton industries to identify methods thar are used to
quantify the resistance of huildings te vanons hazards.

This neseanch was carmied out by the CSHubIBMIT with sponsorship provided by
Assodation [FLA) and the Ready Mined Conoete [RMC) Research & Educatiol
" (CSHUb@MIT is sobkely nesponsibie for conbent. For mane information, wiits to CSHubay

Findings

Methods of quantifying physical resistance differ in
terms of their scope of analysis, where the focus can
range from commmmity dymamics (systems approach)
to physical properties (Tesistance and durability).

The fmctionality and recovery tims
used as a proxy to determine the by
resilience. Furthermore, incerporal
damage, which is a relationship bel
bility of a destructive event and thy
dammage coours throngh a destruct)
for considering the dependency
environment [n addition to prval
companies that provide sarvices
mdustry, the U.S. Department of H
bas developed misk modsling (E]
srreening (TRV'S), and target analys
asz255 optons for more resilisnt =i
er, available tools neglect the notiol
is embedded in a system, which I
aszeszing resilisnce for single
pendently. Furthermore, identifymy
ies, much as insurances companies
would allow for a better understang
fits of mars resilisnt structares.
Impact

The intent of our research is to hg
‘budlders quantify the physical resil
tial struchares az a portion of they
concept of resiisnce Comparing

Feeszarch pressmeed by Christoph
supervised by Randa Ghartas, and T
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Sustainability HUB

Concrete Sustainability HubdMIT: Life Cycle Assessment Research Brief - August 2013
Hazard Mitigation Assessment Methodologies

Problem
As damage from mamural disastors kos increased over time,

more and more importance is attachod to the improwessent of
esponsa to thess avent:. Differsat toals and pro-

Findings
The table bolow samesamizes our menlts. Programs differ in
semms of their mamaging crganizations (public and private),

buildings’

Eranes that svalnate the impact of hazards cn residential struc-
tures kave bosn lyenched cver the list decade. They differ in
ssrms of their scope of amalyzis ad methodelogy, and are kd
try differsnt government] and privam nstmtions. As such. it
can be difficult to discarn simsilaritios and differonces among

the methods.

Approach

W e ring b
ﬁ)ahimimlmnim—n&nnﬂltrmﬂ.htﬁym
thiz masarch is a mvisw of the sxivting landscape of methed-
alogien et promate the hazard resistance and Twilisscs of
residemtial stucterss. Wharsas resistance impliss the shility
o prevent damage to 2 buildzng, resilisnce b the ahility o
absuorh and Limit damage from bazards. We wsd a2 aness-
mant Famework to evalzate thess methods. We alwo condact-
&d 2 litsrature review, & test mam of all wools, and mterviews
with differsot staksholders in the msurance, risk medsling,
and building imdustry. The goal was fo idestify gaps and
overlaps betwesn programs to understazd how imtegrating
differunt approaches can result i 3 more «ffective, compre-
bemsive methodology that betier meets siaksboldars’ needs.

or
ﬁmgndmhdﬁng‘),goﬂ(nmmmw] and
srget gozp (g )
Howsver, 2 p rogica
muthedalegy for 2:nising the probability of occerrance, the
trade-offs hnmmhundmlmmlnimﬂmm udnr
mstrics, and costs & stll
mnhiulnpnluﬂlmnuaﬁ:mhumiwﬁmm
Impact
The iztent of o= recearch i 10 provide 3 quantimtive meth-
odology for integrating barard mesistance as 2 metric int
cost-bonsfit analyses of residantial seracemres. Such am ap-
proach can suppor: decisions amoag stakebolders in tho -
idantia] building whaa
w‘mmm‘dmm cost, and
metrics.

More
Raseasch prossnted by Christoph Wastemsysr and supss-
lmllhmﬁ-hnmndlwm\ GragaTy.
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| FLASH
*FLASH - Federal Alliance for Safe Homes oo
* FEMA - Federal Emergency Management Agency
* CARRI — Community and Regional Resilience Institute

*ReScU - Resilient Scoring Utility for Homes by A

Homeland Security FORTIFIED
*IBHS — Institute for Business and Home Safety | seomommme
°*NIBS — National Institute of Building Sciences

* Mitigation Movement

eeeeeeee
o & Ideas, information and resources
mmunity - for disaster mitigation and recovery
HES:“:E“;E lll W . Ih}ﬂ MitigationMovement.org is more than a website. It's a community created by
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Resilience Concrete Strategy

* Concrete systems offer
unmatched resistance to
major devastation

« Strong wind resistance

« Greater stiffness than ordinary
frame construction

* Heavier
 Reduced uplift .
e Reduced overturn Hearst Castle: Reinforced Concrete
Built from 1919-1947; Suffered no
. ' ' ' d in 2003 from f
Better wind driven debris e e 03 from four
protection

 Unequaled passive fire
resistance



Questions ?



