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Quantitative Assesment of Resilience in
Residential Building Envelope Systems

Problem

Resilience refers to “the capacity to adapt to changing
conditions without catastrophic loss of form or func-
tion”'. The term is often used in the context of individu-
al buildings, but in reality, resilience involves numerous
elements of complex systems, as depicted in Figure 1.
Resilience does not describe an independent attribute of
a building but rather the dependencies between the var-
ious dimensions, which determine the building’s resili-
ence within the context of the surrounding system. The
residential building design and construction industry
has zeroed its attention on the physical aspect of resili-
ence (highlighted in the figure), with a specific focus on
a building’s response to hazards. As such, methodolo-
gies are needed to quantify a residential building’s con-
tribution to a community’s overall resilience.

Figure 1. Resilience is not an isolated attribute of a building, but ra-
ther a concept that describes the interdependencies between different
dimensions of the surrounding system".

Approach

The goal of the Hub’s research is to explore the current
state of tools and methods that attempt to quantify the
resistance of residential structures to destructive events
and incorporate those into a cost-benefit analysis. The
research is focused on the role of envelope systems
within the larger framework of multiple building strate-
gies. Process-based cost models are used to calculate
cost, which enable exploration of the cost drivers for
different construction scenarios. Physical resilience is
one of multiple metrics that will be incorporated into a
life cycle cost analysis to characterize the benefits of
construction systems. As part of the research, we sur-
veyed current practices in the insurance and construc-
tion industries to identify methods that are used to
quantify the resistance of buildings to various hazards.

Findings

Methods of quantifying physical resistance differ in
terms of their scope of analysis, where the focus can
range from community dynamics (systems approach)
to physical properties (resistance and durability).
The functionality and recovery time after a hazard is
used as a proxy to determine the building’s level of
resilience. Furthermore, incorporating the risk of
damage, which is a relationship between the proba-
bility of a destructive event and the probability that
damage occurs through a destructive event, allows
for considering the dependency on the building’s
environment. In addition to private risk modeling
companies that provide services to the insurance
industry, the U.S. Department of Homeland Security
has developed risk modeling (Hazus), resilience
screening (IRVS), and target analysis (OPR) tools to
assess options for more resilient structures. Howev-
er, available tools neglect the notion that a building
is embedded in a system, which limits the value of
assessing resilience for single buildings inde-
pendently. Furthermore, identifying the beneficiar-
ies, such as insurances companies or homeowners,
would allow for a better understanding of the bene-
fits of more resilient structures.

Impact

The intent of our research is to help designers and
builders quantify the physical resilience of residen-
tial structures as a portion of the overall systems
concept of resilience. Comparing this performance
against costs will inform decision-making and facili-
tate communication of the cost and performance
trade-offs of alternative designs.
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