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Resilience vs Sustainability?
Phillips, R., Troup, L., Fannon, D., Eckelman, M.J. (2017). Do Resilient and Sustainable 
Design Strategies Conflict in Commercial Buildings? A Critical Analysis of Existing Resilient 
Building Frameworks and Their Sustainability Implications. Energy and Buildings.

Presenter
Presentation Notes
This figure helps establish a persistent, but we think unhelpful and probably inaccurate perception: that resilience and sustainability conflict. We found that most align, a very few conflict, and a fair few are quite contingent.
Those contingent items are the ones where specifics matter, multiple criteria, wicket problems.
This presentation describes a project attempting to support decisions makers to achieve both: resilience and sustainability, for multiple hazards, across long life-spans.  In all a modest proposal.



PROJECT OVERVIEW

A Decision and Design Framework for 
Multi-Hazard Resilient and Sustainable Buildings
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Presentation Notes
Use the diagram
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Presentation Notes
Grows out of performance-based design, which means identifying hazards, and establishing criteria for the response in each of those hazards
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Presentation Notes
Those criteria likely relate to the importance of the building.



Presenter
Presentation Notes
We understand not just each hazard, but also the probability of that hazard of the building’s life

Where an Engineer may focus on 100 second earthquake. I am interested in 100 years, which may include multiple hazards.




Presenter
Presentation Notes
We look at this from a sustainability view: what is the cost of each event and each recovery 
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Presentation Notes
Costs by many metrics: economic, ecological, social. The so-called triple bottom line of each decision, now adding “resilience” as well.



Presenter
Presentation Notes
We develop a decision science model based on Multi Criteria Decision Analysis.



PROJECT TEAM

A Decision and Design Framework for 
Multi-Hazard Resilient and Sustainable Buildings

Presenter
Presentation Notes
The Resilience and Sustainability of �Soil, Foundation, Structure, Enclosure (SFSE) systems
End goal is decision support / decision science for stakeholders
6 co-PIs from Engineering, Public Policy, Architecture, Industry
5 PhD. Students 
$1.12 million from NSF #1455450




Co-PIs
Mehrdad Sasani
Civil & Environmental Engineering, Northeastern
Matthias Ruth
Public Policy and Urban Afffairs, Northeastern
David Fannon
Architecture, Northeastern
Matthew Eckelman
Civil & Environmental Engineering, Northeastern
William Coulbourne
Coulbourne Consulting / ASCE
Laurie Baise
Civil Engineering, Tufts University



Students

Matthew Joyner - PhD Student, Northeastern University
Sahar Mirzaee - PhD Student, Northeastern University
Lucas Troup - PhD Student, Northeastern University
Xinrui Yang - PhD Student, Northeastern University
Jai Chung - PhD Student, Tufts University
Robert Phillips - PhD Student, Northeastern
Vahid Rashidian - PhD Student, Tufts University



This material is based upon work supported by 
the National Science Foundation under Grant No. 
CMMI-1455450. 

Any opinions, findings, and conclusions or 
recommendations expressed in this material are 
those of the author and do not necessarily 
reflect the views of the National Science 
Foundation.



PROJECT METHODOLOGY

A Decision and Design Framework for 
Multi-Hazard Resilient and Sustainable Buildings
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Presentation Notes
The software methods.
The findings
Triple bottom line




DECISION SUPPORT MODEL

PNNL Prototypes

Operational
Energy Analysis

Life Cycle
Assessment

Building
Performance

Presenter
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This is our method.�Starts from prototypes,
Lots of tools in the middle
Lots of result for decisions at the end.



Establish Criteria and Alternatives 
Performance-Based Design

Multiple attributes of performance



DECISION SUPPORT MODEL

PNNL Prototypes

Operational
Energy Analysis

Life Cycle
Assessment

Building
Performance
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Presentation Notes
Adding alternatives. In this simple example, different window to wall ratios.



Response to Non-stationary Hazards
Likelihood of occurrence

Damage Measure and subsequent resilience



Resilience to multiple hazards

ENGINEERING DEMAND 
PARAMETER (EDP)

Earthquake

Wind

Structural
Damage

Nonstructural
Damage

Repair Cost

Time to Recover

Loss of Function

Fatality & Injury

Interstory Drift
Index

Wind Pressure

Windborne Debris
Impact

DAMAGE
MEASURE

RESILIENCE
METRICSHAZARD

Flood
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Need to identify specific criteria
Then figure out a way to simulate the behavior of each.



‘Morphing’ Weather Files
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Presenter
Presentation Notes
Coloring all of this analysis is that it is future-focused, so it would help to know something about the future.
Many people looking at this problem: do you try to downscale the global climate models?
Or try to statistically shift existing climate (which is chancy) 
Presented here are simulation results of that for one building type in one climate, result is not temperature, but ENERGY CONSUMPTION. Showcases a number of problems.

Even the “current” climate data is 40 years old = baseline gap
There is uncertainty about the emissions scenarios, and the models used to simulate them.
Not enough to know what happens in climate, also how the building responds. And while some parts will change so we can reset as this uncertainty becomes clearer (e.g. MEP systems) some (basic envelope) will be more difficult.



Assessing Life Cycle Impacts of Resilience
Life-cycle approach to resilience

Risk-weighted considerations of sustainability



WWR TBL Large Office, Boston
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WWR 40
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So,  would love to give you lengthy results, those are being published, so you just get the teaser: 
Short takeaway is that smaller WWR is always better, and bigger is always worse from an LCA standpoint.



Design & Decision Framework
Decision Making in multi-criteria multi-actor environments.
Seeking Pareto-Optimal solutions

Presenter
Presentation Notes
Transition here to talk about the decision making in a multi-criteria environment.
Decision support.



AHP Outranking Survey

Decision makers assign criteria 
points based on importance.
Most important = 100 points, 
the rest relative to that
Widely-used, widely-critiqued
Challenges: 
• High cognitive load
• Inconsistency of answers
• Uncertainty in responses



Scenario Comparison Method

Decision makers choose between to scenarios assuming 
everything else is equal.  
Potentially All Pairwise RanKings of all possible 
Alternatives (PAPRIKA) method (Conjoint analysis)
Lots of questions

Most important = 100 points, the rest relative to that
Widely-used, widely-critiqued
Challenges: 
• High cognitive load
• Inconsistency of answers
• Uncertainty in responses



Dynamic Modeling
www.resilientandsustainable.com
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As an architect, I am a little embarrassed to show this, but it is a working prototype. The idea is to use the preference data and allow a decision maker to weigh trade-offs. It is a tricky multi-dimensional model to make, and obviously non-stable.

We are working on weighting this, so, for example, if you set preferences on three bars, but you REALLY care about one, and less the other two, that is accounted for.

If others have experience with this sort of problem, I would very much like to speak with you about it.



QUESTIONS?
Thank you!
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