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Abstract

Building performance can be affected by various
events such as changing environment or changing re-
quirements. Thus, buildings should react to these
events to last their performance. In this regard, the
concept of resilience is recently gaining ground in
building design context. However, for the applica-
tion of resilience in the building design, there should
be a clear definition and an assessment framework.
This paper develops a comprehensive definition of re-
silience and its assessment by answering four main
questions. Furthermore, it introduces a multi-phase
resilience curve and tests building thermal resilience
using a test framework and a set of metrics. The
developed test framework has been used for a case
building facing a power failure lasting for four days.
The results highlight the suitability of the proposed
test framework and metrics to quantify building ther-
mal resilience.

Key Innovations

• Developing a test framework for evaluating
building thermal resilience.

• Quantification of building thermal resilience with
a focus on different phases and abilities in the
cycle of a disruptive event.

Practical Implication

• Aiding building designers and decision makers in
selecting the most appropriate building designs
and strategies by evaluation and quantification
of building thermal resilience.

Introduction

In general, buildings are designed based on a group
of fixed assumptions and conditions in the design or
renovation phases. This is while in the operational
phase, buildings are not performing under the fixed
assumptions and conditions, which have been set by
designers. Building performance can be affected by a
wide range of changes that can arise during the op-
erational phase. These changes can be categorized
to changing environment (e.g., climate change, occu-
pant behaviour changes (Homaei and Hamdy (2020))
or changing requirement (e.g., adding new technolo-
gies to the building or the integrated grid (Rønneseth
et al. (2019)). For example, climate change is one of

the main sources of uncertainty that can influence
the performance of buildings, energy systems and in
larger scales urban areas. Even though the impacts
of climate change are considered by using the normal
climate data and the projections of climate change,
there can still be climate conditions far from the ex-
pected ranges in the future (Moazami et al. (2019)).
Furthermore, the frequency and severity of extreme
events have increased in the last 30 years (Kenward
and Raja (2014)) leading to other consequences in en-
ergy systems such as major power failures that can be
life-threatening and can cause to huge economic losses
(Campbell and Lowry (2012)). Buildings are catego-
rized in the group of facilities with a long life cycle
and significant investment costs. For this reason, they
should be able to perform well not only for the cur-
rent condition but also for upcoming conditions in the
future. In general, one of the strategies to ensure the
performance of systems against future uncertainties,
disturbances, and shocks is mitigation options in the
form of protection: designing systems to withstand
and absorb undesired events (Hosseini et al. (2016)),
which can also be applied to buildings as systems. In
the category of these options, the concept of resilience
has gained much attention in recent years. The word
resilience stems from the Latin root ”risilio” meaning
to ”spring back”.The common definition of resilience
deals with ”the ability of an entity or system to return
to normal condition after the occurrence of an event
that disrupts its state”(Hosseini et al. (2016)). The
concept of resilience is polysemic and its interpreta-
tion can be changed based on the context and objec-
tives in different disciplines. Nowadays, the concept
of resilience has been used in diverse fields such as
ecology (Holling (1973), psychology (Rutter (1987)),
economy (Rose (2007)), seismic engineering (Bruneau
et al. (2003)), and etc. The resilience studies were
originated from the work of Holling in ecology dur-
ing the 1970s (Holling (1996)) and other fields have
borrowed this concept from ecology. Holling used re-
silience to describe the ability of an ecological sys-
tem to maintain its function and structure by en-
during the shocks and absorbing disturbances, but
not necessarily remaining the same pre-disturbance
state (Holling (1996)), which is known as ecological
resilience. Several studies thus far have addressed
the conceptualization of the resilience concept and its
quantification in different fields. For example, con-
cerning energy systems, the resilience of gas systems
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(Cimellaro et al. (2015)) and power systems (Panteli
et al. (2016))have been evaluated. The resilience tri-
angle suggested by the Multidisciplinary Center for
Earthquake Engineering Research was the first effort
for measuring the seismic resilience (Bruneau et al.
(2003)). This has been extended by the concept of
resilience trapezoid, which divides the system’s per-
formance response into three stages: pre-disturbance,
disturbance progress, and restorative stages to con-
sider the degraded state in case of no immediate
restoration actions after disturbance (Panteli et al.
(2016, 2017)). Resilience trapezoid has been imple-
mented for quantifying resilience in different contexts
such as power systems (Panteli et al. (2016)), multi-
energy systems (Bao et al. (2020)), urban infrastruc-
ture, and energy resilience modeling of communities
(Shandiz et al. (2020)). Implementation of resilience
triangle and resilience trapezoid in different fields has
led to the introduction of various indices for resilience
quantification. For example, Tierney and Bruneau
(2007) measured a system’s resilience through the
state of functionality of the system after the disaster
and the time it takes to go back to the normal condi-
tion. Panteli et al. (2016) introduced time-dependent
resilience metrics (named ΦΛEΠ metric system) for
quantification of infrastructure resilience in power
systems, which is based on the speed (Φ) and the
magnitude (Λ) of the damaged grid functionality, the
duration of the damaged state (E), and the recovery
speed (Π). In the context of the built environment,
the literature concerning resilience can be categorized
into the urban or building scale. For instance, ur-
ban energy resilience has been defined and evaluated
against climate change (Nik et al. (2020)) and other
threats such as cyber-attacks, terrorism, etc (Sharifi
and Yamagata (2016)). In the building scale, passive
survivability and thermal autonomy have been used
as measures to quantify thermal resilience against
to power failures and extremely hot (Baniassadi and
Sailor (2018)) and cold (Ozkan et al. (2019)) weather.
These two measures are only focusing on the distur-
bance propagation phase in the resilience trapezoid
and they are not reflecting other characteristics re-
lated to resilience in the pre-disturbance and post-
disturbance phases. This paper will focus on the
building thermal resilience and introducing the multi-
phase resilience curve based on the results of building
performance simulation. This multi-phase curve will
ease the application of resilience metric for building
thermal resilience. Furthermore, a test framework
is applied to conceptualize the application of the re-
silience metrics on the multi-phase resilience curve.
This test framework applies a duration of 12 days
test of building thermal performance by considering
a disturbance with a duration of four days.

Resilience in the built environment

Even though there are various definitions of resilience
in the literature, building resilience requires more re-
search. The resilience of building can be defined
based on its characteristics (e.g. building envelope,
energy systems, storage and backup systems, etc.)
and the nature of disruption, which affects the build-
ing. For example, a building can be resilient to ex-
treme hot weather but not to extreme cold weather.
In most of the definitions of resilience, there are six
components which are known as ”abilities of system
to prepare, resist, absorb, response to, adapt to, and
recover from a disturbance” (Carlson et al. (2012)).
Based on the context, a different combination of these
abilities can be implemented for the definition and
conceptualization of resilience. To achieve a com-
prehensive definition and assessment for building re-
silience, four main questions have been raised and
answered in this paper: ”Resilience of what?”, ”Re-
silience to what?”, ”Resilience in what stage?”, ”Re-
silience based on what?”. These questions will be
answered as follows:

• Resilience of what?

In the context of built environment resilience can
be evaluated in different scale: single zone, systems,
building, neighbourhoods, or even larger scales such
as urban scale or cities. Furthermore, the resiliency
of occupants as one of the important players in the
building can be evaluated (Pisello et al. (2017)). In
this paper, the thermal resilience of the building and
its integrated systems has been evaluated. Here, the
performance is evaluated based on indoor operative
temperature resulted from a building performance
simulation tool.

• Resilience to what?

Understanding the source of disturbances and shocks
is essential for resilient building designs and protect-

 

Figure 1: Resilience questions and answers in this
paper.
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ing buildings against disturbances. Several types of
disturbances can influence the building performance.
These disturbances have been classified into two dif-
ferent approaches in the literature. The first approach
is the classification of disturbances based on their
probability of occurrence and impact intensity, which
classifies disturbances into two groups: low probabil-
ity high impact events or high probability low impact
events (Nik et al. (2020)). In resilience evaluation,
low probability high impact events have been used
(Panteli and Mancarella (2015)). The second clas-
sification, which has been found is focusing on the
impact intensity and duration of disruptive events
(Shandiz et al. (2020)). For example, this can clas-
sify heat waves to high impact heat waves with a short
duration time, or low impact heat waves with a long
duration time. Different events that can disrupt the
building performance can be found in the literature
such as fires, windstorms and hurricanes, flooding,
heat waves, ice storms, power outage, and pandemic
situation Shandiz et al. (2020). In this paper, the
thermal resilience of the building and its systems has
been evaluated against a power failure, which will last
for four days.

• Resilience in what stage?

The other important component in defining resilience
is identifying the stages, which a resilient building
is facing in the cycle of disruptive events. These
stages are also known as resilient system abilities.
As stated before, there are six main abilities for a
resilient system, and different combination of these
abilities have been selected in resilience definition in
different fields. For example, Sharifi and Yamagata
(2016) suggested abilities of preparation, absorption,
recovery, and adaptation for the sustainable and re-
silient urban system. Shandiz et al. (2020) counted
preparation, withstanding, adaptation, and recovery
as important abilities of the energy resilient commu-
nities. Nik et al. (2020) divided the resilience char-
acteristics to four main groups: planning and prepa-
ration, resisting, adapting to, and recovering from.
Based on the context of current work, which is fo-
cusing on a single building, and to make the sug-
gested resilience metrics more understandable, four
main abilities (stages) are suggested in this paper.
Based on these abilities, in order to be resilient, the
building should be able to prepare, absorb, adapt to,
and recover from the disruptive event for protecting
building’s occupant from health injuries due to the
disruptive event. These abilities will be discussed in
the next section.

• Resilience based on what?

The last essential question is related to the metrics
for measuring resilience. Different types of resilient
measures such as time-dependent measure have been
introduced in various fields (Panteli et al. (2016)).

Metrics, which have been used here for quantification
of building thermal resilient against power failure will
be explained in the next section. Figure1 shows the
four main questions and their answers, which have
been considered in this paper.

Test framework and metrics

Illustration of building thermal resilience

In order to illustrate the thermal resilience of build-
ings, i.e., the ability of buildings to prepare, absorb,
adapt to, and recover from the disruptive event, the
multi-phase performance curve is used to conceptual-
ize the resilience phases and abilities and quantify the
thermal resilience of buildings. This curve is inspired
by resilience triangle and resilience trapezoid and uses
the results of the dynamic building performance sim-
ulation for curve establishment. The performance can
be measured by different indicators, here the indoor
operative temperature resulted in the building perfor-
mance simulation is considered as an indicator. Fig-
ure 2 shows the multi-phase resilience curve with the
placement of phases and abilities during the time. Ev-
ery solid line in this figure shows a parameter, which
is fixed based on the assumptions and the dashed lines
are the variables, which are case-dependent and they
will be changed based on the impact of the event and
the building characteristics. Three phases can be seen
in the multi-phase performance curve of the building.

1. Phase I: Pre-disturbance phase: In this phase, the
building is operating based on the set point tem-
perature (which is considered as the target and
for example in Figure 2 is 21.5◦C) before the dis-
ruptive event.

2. Phase II: Disturbance progress phase: The dis-
ruptive event occurs at the beginning of this phase
and the performance of the building (the indoor
operative temperature) decreases until the end of
this phase.

 

Figure 2: The multi-phase resilience curve (P: Prepa-
ration, Ab: Absorption, Ad:Adaptation, R:Recovery).
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3. Phase III: Post disturbance phase: This phase
shows the recovery process, which the building
operative temperature is going to be improved
and come back to the set target or even more.
Post disturbance phase consists of two parts: the
restoration part, which the temperature increases
until the set target and post-restoration, which
happens after passing the set target.

In addition to these phases, it can be seen that there
are four different performance levels in the multi-
phase performance curve. These performance levels
can be defined as below:

– TST : is the set target (the setpoint temperature),
which is needed for the desired performance of
the building.

– TRT : is the performance robustness threshold.
Any performance(i.e., operative temperature)
higher than this value will be a robust perfor-
mance and if the operative temperature is less
than TRT , the performance will not be robust.

– THT : is the habitability threshold for the oc-
cupant. Passing this threshold shows that the
building has been failed in providing the min-
imum required comfort condition for building’s
occupant. If the performance of the building
(i.e., indoor operative temperature) passes this
threshold, the building will not manage to have
a safe recovery. But if the building manages to
recover before reaching the habitability thresh-
old, the building will be thermally resilient.

– Tmin: is the minimum performance level caused
by the disruptive event.

Considering three phases and the four performance
levels, the thermal resilient building’s abilities in the
action cycle of facing a disruptive event can be defined
as follow:

• Preparation: This ability shows by design how
much the building is prepared for the disruptive
event and for how long it can perform higher
than robustness threshold and minimize the po-
tential adverse impact of the disruptive event.
This depends on the building characteristics such
as building envelope, storage systems, etc.

• Absorption and adaptation: Although the build-
ing is prepared for the disruptive event, still the
robustness threshold can be crossed. Therefore,
the building and its integrated systems should
be configured in a way that they can absorb
the impacts of the disruptive event and minimize
the overall disruption. Furthermore, the build-
ing should be able to adapt to the impact of the
disruptive event and modify its configuration.

• Recovery: The ability of the building to return
back to the set target performance level (TST )
after the disruptive event. Restoration to the set
target performance level depends on the impact

intensity of the disruptive event, the degree of
previously mentioned abilities e.g., preparation,
absorption, and adaptation.

In the next section, a test framework will be in-
troduced to implement the resilience metric for the
multi-phase resilient curve.

Four days test framework

Based on the introduced phases, abilities and perfor-
mance levels, a test framework is developed for eval-
uation of building thermal resilience in three phases
and considering different abilities. This framework
implements the building performance regarding the
indoor operative temperature, which is resulted in a
dynamic building performance simulation tool (i.e.,
IDA ICE). In this framework, a fixed duration power
failure is applied as a disruptive event. The follow-
ing assumptions can be considered regarding the test
framework:

1. The test framework can be applied for all-electric
buildings, which are using electricity for providing
all types of demand in buildings.

2. The disruptive event is a fixed duration power fail-
ure, which will last for four days. Furthermore,
four days before the disturbance (pre-disturbance
phase) and four days after the disturbance (post
disturbance phase) have been evaluated in the
test framework. In total, the test evaluation will
take 12 days.

3. The set target in the test framework is based on
the setpoint temperature suggested in the Norwe-
gian standards(TEK (2020)).

4. It is assumed that the robustness margin allows
3.5◦C tolerance from the set target (setpoint tem-
perature based on the standard).

A set of metrics inspired by power resilience (Pan-
teli et al. (2016)) and adapted to the building con-
text, has been used to quantify building thermal re-
silience in the suggested test framework. These met-
rics should be able to represent thermal resilience
in different phases and considering abilities. Table
1 shows the set of metrics that have been used for
the evaluation of thermal resilience in the suggested
test framework. Robustness duration (RD) shows for
how long the building performance can be maintained
robust after facing power failure. The higher robust-
ness duration, the building will be more prepared for
facing the disruptive event. CS shows the collapse
speed, means how fast the building performance will
drop from the set target. Lower values for CS shows
that the building can absorb the impact of the event
and for this reason, the performance will be decreased
with a lower speed. AoE shows the amplitude of the
power failure impact (the minimum performance of
the building that will be experienced after power fail-
ure). Smaller AoE reflects that the building is better
able to absorb the impact of the event and adapt to
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Table 1: Description of resilience metrics (P: Preparation, Ab: Absorption, Ad:Adaptation, R:Recovery).
Metric Name Unit Equation Phase Ability
RD Robustness Duration hr t1 − t0 Phase II P

CS Collapse Speed ◦C/hr T1+T2

t2−t0
Phase II Ab and Ad

AoE Amplitude of Event ◦C T1 + T2 Phase II Ab and Ad

RS Recovery Speed ◦C/hr T1+T2

t3−t2
Phase III R

EPL Expected Performance Loss degree.hour [
∫ t

0
(TST − T (t)) dt] All phases All abilities

it.If AoE is greater than the difference between TST

and THT , the building will not perform thermally re-
silient. RS is the recovery speed in the restorative
phase, which shows how promptly the building can
restore to its set target, after connecting the power
after four days. Higher RS shows that the building
has a better ability for recovery. EPL represents the
expected performance loss considering both impact
intensity and duration of the power failure. The lower
EPL shows that the performance deviated less from
the target during the disruptive event and this will
lead to a more resilient building.

Case study

To assess the suitability and usability of the pro-
posed multi-phase resilience curve and test frame-
work, they are demonstrated for a case study of Nor-
wegian single-family house, with two different com-
petitive designs and possibility of implementation of
storage technology. A representative model of the
Norwegian single-family house is chosen as the case
study building. It is a two-story building located in
Oslo, and the layout of the building is the same as
(Homaei and Hamdy (2020)). This building is di-
vided into three thermal zones in IDA Indoor Cli-
mate and Energy software (IDA-ICE) (IDA (2020))
to calculate the temperature and energy demand of
each zone. The first floor consists of the living room,
and the bedroom and bathroom are placed on the
second floor. The building is an all-electric build-
ing, which means that electricity is used for provid-
ing all of the demands in the building. Besides, it
is a heating-dominated building and it does not have
cooling demand. The heating demand is based on
direct electrical heating with electric radiators. Oc-
cupancy schedules, domestic hot water distribution,
and internal heat gains are based on (Nord et al.
(2016)). Heating set points, window opening strategy,
and window shading is based on scenario 1 in (Homaei
and Hamdy (2020)) and IWEC weather file from the
library of IDA ICE has been used for running the
simulations. Two designs regarding the building en-
velope and ventilation systems have been considered
for testing. These designs are competitive, means
that both of them are meeting the energy target of
TEK17 standard (the current minimum requirement
in Norway)(TEK (2020)). In the first design, design
parameters (e.g., building envelope, ventilation, etc)
are based on the recommended parameters in TEK
17 standard, but the second design is meeting the

Table 2: Details of the two competitive designs con-
sidered in the case study demonstration.
Design parameters D1 D2

Overall U-value (w/m2.K) 0.31 0.25
Ventilation system Balanced Exhausted
Solar thermal collector size (m2) 0 5
Lighting Typical LED light
Energy consumption(kWh/m2) 110 110
Battery size (kWh) 48 62

energy target of TEK 17 with using of other combi-
nation of design parameters. The energy system in
both designs are electric radiators, while D1 is using
balanced mechanical ventilation with a heat recovery
unit that has an efficiency of 80% and D2 has me-
chanical exhaust ventilation without a heat recovery
unit. The details of each design are shown in Table2.
To compensate higher energy consumption resulted
by the implementation of the exhausted ventilation,
solar thermal collectors and LED lights have been
added to D2. In addition to the building design pa-
rameters, the impact of batteries as storage facilities
on the resiliency of the building have been consid-
ered for the two designs. For this purpose, the two
competitive designs have been equipped with batter-
ies. The size of the battery for these two design is
based on (Homaei and Hamdy (tted)), which in bat-
teries are used for storage of the generated heat shift
based on the implementation of dynamic pricing tar-
iffs, suggested by the Norwegian regulator. Homaei
and Hamdy suggested a new approach for battery siz-
ing, which is called ”cost-effective battery sizing strat-
egy”. The interested reader is referred to (Homaei
and Hamdy (tted)) for more details. The battery
size for each design is reported in Table 2. Consid-
ering the battery option will lead to in total of four
designs for testing of the suggested method. The dis-
ruptive event for this case study is the grid power
failure, which will last for days in typical cold days
during winter (starting 14th January). In this work,
the thermal resilience has been evaluated for one zone
in the building (here the living room with a set point
temperature of 21.5 ◦C based on TEK17 standard).
The hourly indoor operative temperature resulted in
IDA ICE has been used for calculating thermal re-
silience metrics. In the next section, the test frame-
work will be applied for the two introduced designs
with and without considering battery for them, and
the suggested metrics will be calculated.
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Results

Building thermal resilience can be dependent on dif-
ferent parameters such as building envelope, venti-
lation system, heating systems, and storage systems
in a design package. Within this context, two com-
petitive designs, with the possibility of implementa-
tion storage capacity developed to evaluate the im-
pact of design options on thermal resilience and test
the suitability of the proposed test framework. Fig-
ure 3 and Figure 4 shows the time-dependent multi-
phase resilience curve for the D1 and D2, respectively.
Each curve has the performance with and without the
implementation of battery. The shape of the curve
shows the actual performance of the building during
the disturbance and it enables the metric quantifica-
tion. The three phases can be clearly identified. The
duration of each phase is four days as suggested in
the resilience test framework.

Resilience metrics

The first metric to evaluate is the robustness duration
(RD), i.e., for how long the temperature of the build-
ing will not pass the robustness margin. Based on
the recommendations of the World Health Organiza-
tion (WHO (2018)), 18◦C is a safe and well-balancing
temperature to protect the health of general popula-
tions during cold seasons in countries with temperate
or cold climates. For this reason, 18◦C has been se-
lected as robustness threshold. Furthermore, 15◦C
has been selected as the habitability threshold based
on a comprehensive review on the effect of low tem-
peratures on elderly morbidity (Collins (1986)). RD
for the two designs with and without batteries can be
seen with dashed black lines in Figure 3 and Figure
4. Furthermore, the values related to RD for both
designs with and without a battery can be found in
Table 3. This table shows that D2 has higher RD in
comparison to D1, because of encompassing stronger
building envelope. Besides, the implementation of

 

Figure 3: The multi-phase resilience curve for D1

with and without battery.

 

Figure 4: The multi-phase resilience curve for D2

with and without battery.

Table 3: Resilience metrics for two introduced de-
signs(WB: With battery, WOB:Without battery).

D1 D2
Metric WOB WB WOB WB
RD (hr) 9 24 23 38
CS (◦C/hr) 0.110 0.100 0.099 0.080
RS (◦C/hr) 0.120 0.115 0.102 0.086

batteries for both cases has increased the robustness
of the building and the building will last for a longer
time above the robustness margin. For example, for
D1, RD increases from 9 hours to 24 hours, while for
D2 it increases from 23 to 38 hours when the battery
is implemented. It can be concluded that stronger
envelope and battery storage will aid the building to
be more prepared for facing the power failure. Figure
3 and Figure 4 shows that both designs do not have a
safe recovery after facing power failure for four days
even with the application of batteries.

The second metric to evaluate within the test frame-
work is collapse speed (CS) i.e., how fast the resilience
drops in phase II. Table 3 shows CS for both designs
with and without battery. Based on this table, bat-
tery implementation will make the temperature re-
duction process slower. On the other hand, D2 has
a smaller CS in comparison to D1. This is because
of higher U-values in D2, which will lead to a longer
time to cool down the building. So, a stronger enve-
lope and the battery are effective design options for
helping the building to better absorb the impact of
the power failure and adapt to it.

AoE (which shows how low the performance drops in
phase II) can be seen from Figure 3 and Figure 4.
For case of D1 without battery, AoE is 10.6 ◦C. This
means that if a TEK 17 design, faces with four days
power failure, its temperature will be decreased until
10.9 ◦C from the setpoint temperature, which is 21.5
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Figure 5: Expected performance loss(EPL) for the
two designs.

◦C. If D1 is equipped with the battery, the ampli-
tude of the event will be decreased to 9.6◦C and the
minimum temperature during the disturbance prop-
agation phase will be 11.9◦C. For D2, AoE for the
case with and without the battery is 8.6◦C and 7.7◦C,
respectively. This means that the minimum temper-
ature during the disturbance propagation phase will
be 12.9 ◦C and 13.8 ◦C for D2, with and without
battery, respectively.

The next metric to evaluate in the test framework is
the recovery speed (RS), i.e., how fast the resilience
will be recovered in phase III. RS values have been
showed in Table 3. The time duration that takes for
a design to come back to the set point temperature,
is in the same range for both cases, with and without
the battery. This is because of using battery does not
have a direct impact on phase III, but it decreases
the AoE and Smaller AoE will lead to smaller RS.
For this reason, the RS in the case with battery is
lower than the case without battery for both designs
D1 and D2. When it comes to comparing RS for D1

and D2 (without battery), it should be noted that the
recovery time for D2 is higher than D1. The reason is
the stronger building envelope in D2, which will lead
to a longer time to heat the building. On the other
hand, AoE value for D2 is smaller. The combination
of these two effects, make the recovery speed for D2

slower than D1.

The last metric in the test framework is the expected
performance loss (EPL), i.e., how much of the perfor-
mance has been lost considering both impact inten-
sity and duration of the power failure. EPL has been
shown in Figure 5 for D1 and D2. Implementation of
the battery, decreases EPL in both D1 and D2. This
happens because the battery will decrease the am-
plitude of the event and also delays the temperature
reduction process. When it comes to the comparison
between D1 and D2, D2 has less performance loss,
because of having stronger envelope that can absorb
the impact of power failure in a higher level.

Conclusion

A multi-phase resilience test framework for evaluat-
ing building thermal resilience has been introduced in

this paper. The test framework, which is called the
”four days test” consists of three different phases:pre-
disturbance phase, disturbance progress phase, and
post disturbance phase, which each of them will last
for four days, leading to in total test duration of 12
days. The considered disturbance in this test frame-
work is the power failure and the performance indi-
cator, which is used here is the indoor operative tem-
perature resulted from building performance simula-
tion in IDA ICE. Thermal resilience in the proposed
test framework has been quantified using a set of re-
silience metrics. These metrics show for how long
the building is thermally robust (RD metric), how
fast (CS metric) and how low (AoE metric) the ther-
mal resilience will drop after a facing the disturbance,
how fast the building performance will be back to it
pre-disturbance state (RS metric), and how much of
the performance has been lost by the disruptive event
(EPL metric). These metrics can be used as useful
tools to show the effect of different building designs
options such as building envelope, storage systems,
backup systems, etc. This can be beneficial for de-
signers and decision-makers to identify the impact of
different design options and strategies in improving
building thermal resilience. The trade-off between
building thermal resilience and other performance cri-
teria (e.g., efficiency, comfort, robustness, cost,) will
help the decision-makers to select the most appropri-
ate building design in different circumstances. A case
study building has been used here to show the impact
of building envelope and the battery storage on the
different resilience metrics. The results show the suit-
ability of the suggested test framework and metrics
to quantify building thermal resilience, and evaluate
the effect of different design strategies on the building
thermal performance when it is facing to disruptive
events. The test framework in this paper is applied
for evaluating thermal behaviour of the building when
it is exposed to power failure, but it also can be ex-
tended to evaluate other performance criteria such as
energy and other disruptive events such as extreme
weather events. The focus of this paper was in eval-
uating the thermal resilience for a single zone in a
multi-zone building. The future work will be con-
tinued to find out how the thermal resilience metrics
can be generalized to represent the building’s overall
thermal resilience.
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