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Abstract: Background: This study explores resilience in Brazilian social housing (SH),
focusing on single-family, one-story housing units within the “Minha Casa, Minha Vida”
(MCMV) program. Despite reducing the housing deficit by delivering 7.7 million units
since 2009, the program’s projects often lack resilience, contributing to social, physical, and
environmental vulnerabilities. Resilience is defined as the built environment’s ability to
respond, absorb, and adapt to impacts and demands, addressing vulnerability and adaptive
capacity. Methods: This study developed the Resilient House Evaluation Matrix (RHEM),
piloted in two MCMYV developments in Uberldndia, MG, Brazil. Data were collected
using performance and post-occupancy evaluation tools, focusing on attributes such as
thermal comfort, energy efficiency, flexibility, and accessibility for the elderly. Indicators
and sub-indicators were defined to measure resilience. Results: The RHEM attributes
proved useful in improving housing quality and resilience, while evaluation tools identified
key impacts and residents’ perceptions. The Resilience Ruler (RR) assessed resilience levels,
supporting the development of design strategies to enhance resilience in SH. These findings
align with Sustainable Development Goal (SDG) 11, contributing to resilient communities.
Conclusions: This study emphasizes the importance of resilient SH design to address
vulnerabilities and enhance adaptability. The RHEM provides a valuable framework for
advancing housing resilience.

Keywords: social housing; resilient house evaluation matrix; resilience in the built
environment; post-occupancy evaluation; SDG 11

1. Introduction

Several Brazilian studies demonstrate the extent of the problems faced by residents
in social housing complexes (SH) delivered by the Minha Casa, Minha Vida (MCMV)
program since its origins [1-6]. The repetition of standardized SH models is observed
throughout the national territory, disconnected from concerns with local social, economic,
cultural, climatic, and environmental characteristics [7,8]. Some of the consequences, raised
by research carried out by the Institute of Applied Economic Research—IPEA [1] and by
the Federal Audit Court—TCU [4], are dissatisfaction regarding the urban insertion and
availability of urban equipment in the social housing complexes, as well as the dimensions,
temperature, humidity, distribution of rooms, and ventilation of the housing units. This
situation threatens the permanence and well-being of populations benefiting from housing
programs, who, faced with varied impacts, feel more intensely the consequences of the low
resilience of their homes [9].
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The numbers demonstrate the extent of the problem. Since its creation in 2009, the
MCMV program has delivered around 7.7 million new housing units throughout Brazil [10].
However, the housing deficit in Brazil is far from being resolved, as it currently exceeds the
mark of 6.2 million homes [11]. By providing low-quality housing for the lower-income
population, MCMYV has become a problem from the point of view of the resilience of
the built environment. The projects, as designed, demonstrate a low capacity to respond
to the impacts and transformations expected during their life cycle. As a result, recent
research points to an increase in the social, physical, and environmental vulnerability of
these enterprises [12-18].

Resilience is understood here as the capacity of the built environment to resist, adapt,
and transform in the face of impacts imposed over time [19-23]. The impacts are potential
threats that emerge either as interruptions (over short time horizons) or as diffuse, slow
threats (over longer periods). The assessment of these characteristics is of great value in
enhancing the quality of housing, as they are directly linked to the concepts of sustainability,
vulnerability, and adaptive capacity [24].

On a global scale, resilience is a critical urban development agenda. Based on the
relevant urban agendas, such as the New Urban Agenda—Habitat III, from 2017 and the
Sustainable Development Goals—AGENDA 2030, from 2015, resilience is defined as a
driving force in combating the vulnerable state caused by the rapid growth in the urban
population and other problems caused by inadequate urbanization [25,26]. In this context,
there is a lack of research focused on the resilience of the built environment, notably in
the case of social housing [6,27]. Today, the main institutions that promote the study and
analysis of resilience in the area of architecture and urbanism in the world deal with urban
resilience, focusing on issues of public policies and territorial management in the face of
specific and unexpected impacts (earthquakes, floods, disasters).

Aware of this gap, the [MORA] Housing Research (a research group at the Faculty
of Architecture and Urban Planning and Design of the Federal University of Uberlandia
(FAUeD/UFU), based in Uberlandia, Minas Gerais, Brazil; see www.morahabitacao.com,
accessed on 4 January 2025) group has developed studies focused on post-occupancy
evaluation (POE) and SH performance and on proposing resilience in the built environment
with a focus on the housing unit (HU) of case studies located in the city of Uberlandia, MG,
Brazil. The results indicated the low resilience of the houses. In the study, the low thermal
comfort of the housing units was characterized as resulting from conditions inherent to the
project delivered by the MCMYV program and its poor execution, as well as interventions
carried out by the residents themselves without technical assistance [13]. It was also found
that the self-supporting masonry construction system and the reduced dimensions of the
HU environments further restricted the possibilities of spatial remodeling to accommodate
uses other than those for which they were initially designed, compromising their flexibility
and adaptive capacity [15,18]. From the point of view of energy efficiency, it was found
that the lack of resilience in the built environment of HUs associated with unsustainable
behavior and self-built extensions generated significant impacts on the environment in
which the homes are located [28-30].

Through the research carried out, it was possible to verify the lack of preparation of
social housing to adapt to the physical changes demanded by the economic, social, and
climatic impacts imposed, indicating, among other problems, its low functionality and
thermal comfort, symptomatic of a scenario with low resilience. The significant number
of renovations carried out in the projects studied was also verified, mainly in single-story
houses, without adequate technical guidance [30-32]. The reforms and interventions aimed
to improve housing and the living conditions of the houses. However, the lack of technical
assistance further increased the vulnerability and pathologies in SH. This scenario points
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us to the importance of the architect’s presence in these homes, ensuring, on the one hand,
the residents’ satisfaction with the renovations and, on the other, the preservation of their
environmental health.

Action work developed by the [MORA] Housing Research group also highlighted
the problems experienced by residents of social housing due to the lack of resilience of
their homes and the lack of adequate technical guidance for carrying out renovations,
expansions, and interventions [6,17-32]. It was found that the vast majority of renovations
carried out in the homes studied took place without adequate technical assistance and
were planned by the residents themselves, generating even greater problems. The lack
of adequate technical assistance and the lack of access to quality technical information to
carry out interventions in housing, notably in single-family horizontal SH (single-story
houses), is a major challenge for the academic and scientific areas. The inadequacy of
social housing is directly linked to the lack of technical assistance and public policies in
popular subdivisions that are implemented in a simplified way, where supervision and
regulation are not present, where informality prevails, and where construction primarily
uses the bricklayer as responsible for the reform. Informality increases inadequacy, as it
introduces the uncertainty generated by the work without professional technical assistance
into housing [33-35].

Studies emphasize that the transformations carried out by residents to adapt their
homes often result in unintended consequences. These adaptations, while aimed at improv-
ing habitability, can lead to structural and environmental challenges [36]. The modifications
have an impact on the thermal comfort and overall health conditions in low-cost hous-
ing [37,38]. These findings underscore the urgency of addressing the design flaws of MCMV
projects and ensuring that resilience is integrated into future social housing programs to
better meet the needs of residents and reduce vulnerabilities.

In addition to addressing the transformations and vulnerabilities of the MCMYV pro-
gram, the importance of post-occupancy evaluation (POE) in assessing and improving
housing quality has been widely emphasized. POE is highlighted as a crucial tool for under-
standing the performance of residential buildings, particularly in identifying deficiencies
and proposing solutions to improve resilience and habitability [39]. Resilience in the built
environment is argued to require consideration of diverse crises and user needs, linking
functionality and adaptability as central elements of quality housing. In the Brazilian
context, research has provided a comprehensive panorama of social housing, identifying
gaps in integrating POE methodologies to enhance design and performance [40]. Housing
designed for hope and well-being is noted to require feedback loops that address the evolv-
ing needs of residents [36]. These findings underscore the critical role of POE in ensuring
that social housing projects not only meet immediate needs but also promote long-term
resilience, functionality, and quality of life for their occupants [41].

The lack of technical guidance, unplanned physical interventions, and design limi-
tations are critical challenges faced by Brazilian social housing. Without adequate sup-
port, structural quality is compromised, leading to an increase in constructive patholo-
gies [13,18,30,41,42]. Improvised expansions aggravate failures such as inadequate venti-
lation and lighting [29,41-43]. The lack of design flexibility limits necessary adaptations
for new demands, such as remote work and family changes [14,16,18,43]. In addition,
deficiencies in thermal comfort affect energy consumption and the well-being of resi-
dents [13,16,18,41,43]. Table 1 below summarizes these challenges and their respective
authors (the links to each of the cited works have been added at the end of the article in the
Supplementary Materials section).
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Table 1. Synthesis of the main challenges in social housing.

Topics

Key Results

Authors

Inadequate technical
guidance

Renovations without technical guidance compromised
structural quality, increasing constructive pathologies
and inadequate consumption of resources.

Martins (2023) [43]; Oliveira (2023) [18];
Moraes (2021) [30]; Bortoli (2023) [13];
Otoni (2024) [42].

Building expansions
and physical
interventions

Renovations without technical guidance aggravated
ventilation and lighting failures, resulting in
environmental discomfort and higher energy
consumption.

Martins (2023) [43]; Braga (2021) [42];
Valadao (2024) [41]; Oliveira (2022) [29].

Adaptations to

The need to adapt spaces to new demands, such as

Martins (2023) [43]; Oliveira (2023) [18];

accommodate remote work, showed limitations in the flexibility of Vasconcellos (2019) [14]; Aratjo (2020) [16];
physical changes existing projects. Otoni (2024) [42].

Functionality The lack of flexibility limits the ability of dwellings (0 yparing (2023) [43]; Oliveira (2023) [15];
limitations &g ! y Parreira (2020) [15]; Parreira (2019) [28].

and changes in the family profile.

Deficiencies in
thermal comfort

Dwellings without adequate thermal comfort
experienced high energy consumption and low
thermal efficiency.

Oliveira (2023) [18]; Valadao (2024) [41];
Bortoli (2023) [13]; Bortoli (2018); Aratjo
(2020); Otoni (2024) [42].

In the view of this, the research ““CASA RESILIENTE’ (RESILIENT HOUSE) De-
sign strategies for promoting resilience in social housing based on post-occupancy eval-
uation methods” (an ongoing research project funded by CNPQ, Research Produc-
tivity Grant (PQ-2/CNPq-N°4/2021), developed from 1 March 2021 to 31 June 2025,
https:/ /www.casaresiliente.com/) aimed to identify and provide design strategies for
renovations and interventions in single-family horizontal social housing units, aiming to
promote their resilience. The information obtained during the research will be aimed at
users (architects/service providers and residents) and made available in a multiplatform
digital environment (WEB and applications for mobile devices). The design strategies were
identified through performance and post-occupancy evaluation in a case study.

The research used the hypothetical-deductive method supported by Design Science
Research, which has as its principle the creation of artifacts as a result, creating solutions
for existing systems. The artifacts developed are ARTIFACT 1, the set of instruments for
assessing resilience in social housing, and ARTIFACT 2, a collaborative and guiding digital
platform that proposes user-oriented resilience design strategies. Both artifacts will be devel-
oped using a methodology based on (i) bibliographical research—checking the state of the
art with a literature review that critically conceptualizes the concepts covered; (ii) referential
research—through the survey of previous research results; (iii) empirical research—with an
observational study in a case study; and (iv) propositional research—with the development
and testing of artifacts.

This paper presents part of the research (ARTIFACT 1), demonstrating the devel-
opment of a Resilient House Evaluation Matrix (RHEM), its attributes, indicators, and
sub-indicators, as well as its theoretical and conceptual foundation. The research results
point to some important directions: (i) The attributes and indicators defined by the RHEM
(thermal comfort, energy efficiency, flexibility, and accessibility for the elderly) can con-
tribute to improving housing quality in the Brazilian context and consequently increase
its resilience. (ii) Through the application of assessment instruments, the main causes
and effects of impacts on the studied built environment were identified, as well as the
perception of its residents and supported the improvement in the RHEM. (iii) Based on the
RHEM, it was possible to develop the Resilience Ruler (RR), evaluate the level of resilience
of the studied built environment based on the parameterized attributes and their indicators,
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and, based on its application, identify the main project strategies for increasing resilience
in SH.

This article specifically addresses the main results of the RHEM and its direct rela-
tionship with the design of strategies to increase the resilience of the built environment
in SH.

2. Theoretical Foundation
2.1. Resilience in the Built Environment Within the Context of Brazilian Social Housing

Resilience in the built environment (RBE) refers to the capacity to withstand, adapt, or
transform in the face of various impacts over time [19-22,44—47]. This capacity is essential
for coping with events such as natural disasters, structural deterioration, and socioeconomic
issues, which are common in the Brazilian housing scenario. Particularly in the context of
SH, resilience is paramount to ensuring the quality of life for communities amidst frequent
socioeconomic and environmental challenges [48,49].

Social and cultural factors significantly influence housing resilience and user needs,
especially in social housing contexts. As highlighted in prior research, standardization
in housing models, such as those implemented in the “Minha Casa, Minha Vida” (My
House, My Life) program, often overlooks the climatic, cultural, and social particularities of
diverse regions, leading to reduced adaptability and resilience [30]. For example, the lack
of customization for local cultural practices and family dynamics can lead to modifications
by residents, sometimes compromising the efficiency and safety of the housing unit [29].
Integrating these socio-cultural dimensions into design and assessment tools, as proposed
in the “Casa Resiliente” (Resilient House) framework, ensures that housing projects are not
only structurally resilient but also effectively cater to the diverse needs of their users.

The diversity of users is a central factor in the development of resilient social housing,
especially in addressing the specific needs of marginalized communities. Standardized
housing often ignores cultural, climatic, and socioeconomic particularities, resulting in
spaces that are inadequate for the real demands of residents [30-49]. Social technologies
can be effective in guiding more appropriate interventions while respecting regional and
cultural specificities [43-50]. These integrated approaches are fundamental to achieving
the Sustainable Development Goals (SDGs), particularly SDG 11, which aims to make cities
more inclusive, safe, resilient, and sustainable [51].

2.2. Development of the Resilient Housing Evaluation Matrix (RHEM)

The development of the RHEM stems from understanding the impacts, major causes,
threats, and effects of the impacts on SH, as well as the attributes that condition and
describe its resilience. Impacts arise from major causes, which, according to Garcia and
Vale (2017) [22], encompass a variety of climatic, environmental, social, economic, and
political events, such as climate change, population growth, and energy crises. From these
causes, threats emerge, which can be acute, such as earthquakes and floods, or chronic,
such as housing shortages and high unemployment rates, as highlighted by Arup and
The Rockefeller Foundation (2015) [52]. The negative effects resulting from these threats,
whether physical, moral, or material, significantly impact the built environment, weakening
the social and emotional bonds among residents and compromising the resilience of the
environment in the face of these threats, as observed in landslides, material deterioration,
and increased pollution. Understanding these aspects leads to the delineation and priori-
tization of desirable attributes for the built environment that can make it resilient to the
specific context.

The so-called resilience attributes allow for observing different aspects of housing trans-
formations, assessing their consequences, and guiding adjustments. These adjustments
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aim at resilience, based on preventive actions for preparing the physical environment and
people’s behavior, preferably low-tech and low-cost [23], which bring benefits regardless of
the occurrence of impacts. Therefore, the attributes are the qualities that the built environ-
ment should seek to achieve resilience, while the indicators represent practical measures
that reflect these characteristics. The sub-indicators, in turn, are elements that detail the
indicators, specifically facilitating the evaluation and promotion of resilience in SH [24].

2.3. Attributes, Indicators, and Sub-Indicators of Resilience in SH

The main desirable attributes for resilience in the built environment of SH include
flexibility, thermal comfort, accessibility for the elderly, and energy efficiency. (The afore-
mentioned attributes were developed during postdoctoral research at the University of
Cambridge, The Martin Centre for Architectural and Urban Studies—Behaviour and Build-
ing Performance, through collaboration with Professor Koen Steemers, during the period
of 2017-2018. They were further detailed in the master’s and doctoral theses of the broader
[RESILIENT HOUSE] research project).

SH projects in Brazil are often designed and constructed on a large scale, frequently
without considering the diverse needs of the families that will inhabit them [53,54]. In
this context, flexibility stands out as a critical attribute to be explored to accommodate
various family profiles [55], providing a viable solution against the uniformity of housing
and expected transformations over its lifespan [56]. Projects that do not consider flexibility
face problems due to the lack of adaptation to different family compositions and habits,
limiting the progression of the construction and leading to resident dissatisfaction, often
resulting in unassisted renovations and expansions [57-60]. Given this scenario, numerous
authors emphasize that flexibility enables and facilitates adaptations and expansions,
minimizing problems related to poorly planned renovations [15,61]. The need for flexible
built environments has intensified due to the demands generated by the pandemic, making
it a crucial attribute to meet necessary transformations over time [28,61-65]. In Table 2, the
attribute “flexibility”, along with its indicators and sub-indicators, is defined.

Table 2. The “flexibility” attribute, indicators, and sub-indicators. Source: Oliveira (2023) [18].

The Flexibility Attribute refers to the ability of the built environment to adapt to changes according to

Flexibility users’ needs, providing spatial quality to the project.
Indicators Definition Sub-Indicators
Adaptabili Adaptability is linked to the adaptive conditions of the living space, allowing internal and C;nzziz;o;{
P ty external modifications without detriment to the project (without increasing the area). polyvaience;
customize.
Ampliabili Ampliability consists of the house’s ability to accommodate new rooms, i.e., new spaces Elasticity;
P ty that can be put to better use in subsequent stages, or by adding adjacent parts [66,67]. expansion.

Inadequate climatic adaptation compromises entire communities, both socially and
financially, that benefit from social housing programs, highlighting the importance of
more effective approaches to climate adaptation [53,68]. Recent studies reveal that the
standardized design and construction specifications for SH under MCMYV are repeated
across various climatic regions in Brazil, often resulting in thermal discomfort and excessive
consumption of resources and electricity in the quest for comfort during the use of housing,
especially when self-built renovations are carried out [2,4,12,17,53,66,68,69]. This perception
is corroborated by the results of satisfaction surveys recently conducted in various regions
of the country, which identified temperature as one of the primary factors of dissatisfaction
among residents of SH [57,58,69-71].

The recurring experience of thermal discomfort has been associated with the emer-
gence or aggravation of several diseases, including heart and circulatory problems in hot
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environments and respiratory and rheumatic diseases in cold environments [72-75]. In this
context, the importance of the environmental quality of housing as a social determinant of
health is highlighted, as its physical and material structure can significantly influence the
human capacity to cope with climatic variations and their elements. Consequently, Table 3
gathers the definition of the attribute “thermal comfort” along with its proposed indicators
and sub-indicators.

Table 3. The “thermal comfort” attribute, indicators, and sub-indicators. Source: Bortoli (2023) [13].

The Thermal Comfort Attribute refers to satisfaction with the thermal environment according to ASHRAE

Thermal (2004) [76], which is crucial for resilience by balancing the bioclimatic characteristics of the environment and
Comfort people’s adaptability to the climate, reducing dependence on artificial conditioning. This allows both people
and their homes to cope with climate impacts While maintaining their functionality and essence.
Indicators Definition Sub-Indicators
A bioclimatic building is one whose conception has been Bul}d{ng systems cons1der%ng.1nteract1ons with solar
. o iy radiation and natural ventilation; geometry
s e supported by design principles that use suitability to the o . . e
Bioclimatic . . . .. considering interactions with solar radiation;
[ place, its climate, and its culture, reducing its exposure A . .
building DU . . geometry considering interactions with natural
and amplifying its potential, as fundamental design .
ventilation;
parameters [77-81]. . .
functional landscaping.
Climate sensitivity is understood as the human capacity Sea.rch for 1nforr.nat1on a‘t.)out the climate;
. . . . <. action to deal with the climate;
. to perceive the influence exerted by climatic conditions, . . . .
Climate . . . understanding the relationship between climate and
e . and their succession over time, on vulnerable L . " .
sensitivity characteristics of the built environment in thermal

individuals and the physical environment, and to act to
mitigate their negative effects [82,83].

comfort;
existence of means of communication to ask for help.

The resilience assessment based on thermal comfort was grounded in indicators of both
passive building capabilities and the adaptive capacities of the occupants. In this regard,
the resilience provided by the building depends on characteristics such as thermal mass,
the temperature difference between indoors and outdoors, openings, controls, etc., which
contribute to its robustness and flexibility in response to climate impacts, and characteristics
associated with the built environment’s resilience. At the same time, the resilience provided
by the occupants depends on personal factors (physiological, behavioral, perceived control,
personality, knowledge, etc.) that enable resistance, adaptability, and recoverability in the
face of climate impacts, which are also resilience skills [84-86].

The evaluation of passive building capabilities (using the “bioclimatic building” indi-
cator) considered factors such as building materials and the presence and characteristics
of openings for ventilation and lighting, following established parameters and guidelines
to ensure comfort in the studied region. Consequently, factors such as air velocity, air
temperature, mean radiant temperature, and relative humidity were indirectly assessed in
the resilience analysis.

Simultaneously, the evaluation of people’s adaptive capacities (through the “climate
sensitivity” indicator) focused on residents” habits and behaviors, including clothing and
dietary adaptations, as well as interactions with the built environment under climate threats.
This indirectly addressed aspects such as metabolic rate and clothing insulation.

This indirect approach was chosen for two reasons. Previous studies conducted
on the same case have consistently highlighted the inadequacy of the housing in terms
of environmental quality for its intended uses and the residents’ limited knowledge of
reasonable adaptations to climate risks [36,87,88].

The present study, based on the RR, aimed not merely to diagnose deficiencies but also
to guide corrective actions. Thus, the evaluated criteria were designed to directly propose
solutions for improving the environmental quality of the housing, including enhancements
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in air circulation, velocity, and temperature, specifically tailored to the context of social
housing in Uberlandia, MG.

According to Lamberts, Dutra, and Pereira (2014) [89], energy efficiency is a crucial
attribute of buildings, representing thermal, visual, and acoustic comfort with low energy
consumption. Thus, more efficient SH can yield social, economic, and environmental
benefits for the community. To improve the energy efficiency of SH and reduce the energy
impact of MCMYV, passive strategies such as the choice of materials and building geometry
are fundamental starting points. Additionally, the introduction of renewable energy sources
and innovative high-efficiency solutions can be complementary alternatives in this process.
Users also play a significant role in the energy efficiency of buildings through daily practices
that can considerably reduce energy consumption, thereby increasing the overall efficiency
of buildings and reducing waste [29]. Thus, Table 4 presents the definition of the attribute
“energy efficiency” along with its proposed indicators and sub-indicators.

Table 4. The “energy efficiency” attribute, indicators, and sub-indicators. Source: Oliveira (2022) [29].

Energy Efficiency

Energy Efficiency refers to the ability of the built environment to use energy more efficiently,
minimizing the consumption of energy resources while maintaining or improving the performance and
comfort of users.

Indicators

Definition Sub-Indicators

Efficient envelope

An efficient envelope is one that has characteristics that reduce
unwanted heat transfer between the internal and external
environments.

Efficient materiality; efficient
geometry; maintainability.

Efficient lighting

Efficient lighting aims to achieve a balance between reducing

energy consumption and maintaining adequate lighting levels. Use of natural light; LED lamps.

Water heating

Solar heating refers to the use of systems and technologies that

. Heating system; maintainabilit
harness solar energy to heat water for consumption. g sy nablity

Efficient electrical
equipment

These electronics are designed to consume less electricity than
conventional models while maintaining or even improving
performance and functionality.

Equipment with a Procel label;
newer equipment.

Conscious behavior

Behavior marks the relationship between the use and occupation of

the building and energy savings. Daily habits; awareness.

Integrated green areas

Integrated green areas contribute to energy efficiency by reducing

the heat island effect, providing natural thermal insulation, Integrated landscaping; green
improving air quality and residents’” health, and enabling preservation.

sustainable rainwater management.

Natural ventilation is the primary conditioning strategy in the Brazilian residential
sector. Consequently, the use of air conditioning for cooling is not predominant in low-
income or social housing, given its high acquisition and maintenance costs [90]. In parallel,
considering the tropical highland climate of Uberlandia, where periods of discomfort
due to cold are exceptional [87], air conditioning for heating is not commonly found in
these homes. For this reason, heating and cooling technologies were not considered in the
analysis of resilience based on energy efficiency in the context of Brazilian social housing.

The aging process entails various changes for individuals, impacting their abilities,
which decline and consequently affect their independence. In this context, residences with
appropriate characteristics play a fundamental role in maintaining the autonomy of the
elderly for as long as possible [40,91,92]. Thus, resilient SH that meets the demands of the
elderly should have dimensional, structural, visual, and site implementation qualities that
facilitate the implementation of accessibility adaptations, when necessary, in a cost-effective
manner [40]. In Table 5, the attribute “accessibility for the elderly” and its indicators
are defined. (The research on this attribute was the first to be developed when the case
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study was simple, consisting of a single unit of analysis—the RSB—and only focused
on indicators) .

Table 5. The “accessibility for the elderly” attribute, indicators, and sub-indicators. Source: Braga
(2021) [40].

The Accessibility for the Elderly Attribute refers to the ability of the built environment to be easily used

Accessibility for by elderly people, providing safety, comfort, and independence, with solutions that facilitate mobility
the Elderly
and access to all areas.
Indicators Definition
Support bars and handrails can help the elderly move around the house and use the bathroom. Structures
Type of seal must be sturdy enough to allow support bars or handrails to be attached. According to NBR 9050/2020 [93],
the bars must support at least 150 kg.
Sharing and Hearing decline can make it more difficult for older people to distinguish sounds in noise. This makes
acoustic insulation = communication difficult. The house should have fences with adequate acoustic properties, with adequate
of fences acoustic properties to avoid conflicts with neighbors.
Width of passage  Elderly individuals may face mobility challenges and require orthotic devices to assist them in locomotion.
gaps in fences Depending on the type of orthotic device used, it may be necessary to widen passages.
Quality of the Windows must face pleasant areas that allow for both contemplation and interaction with the neighborhood.

external view of
each environment

Enabling contact between the elderly and their neighbors and surrounding events can help reduce potential
isolation and feelings of loneliness.

Sunlight entry in
every environment

Direct sunlight is essential for the healthiness of environments, especially for the elderly, due to their
increased susceptibility to infections. Windows and doors should allow the entry of sunlight but in
moderation, as excessive exposure can be harmful due to the sensitive skin of the elderly and their reduced
ability to regulate body temperature.

Possibility of
viewing the Elderly individuals who spend a lot of time sitting or lying down benefit from lower windowsills or
external parapets, facilitating the view of the exterior environment.
environment
Window handling High windows can be difficult for the elderly to handle, as the locks and levers are generally located in the
capacity center of the frame. The use of stairs is not recommended for the elderly due to the risk of falls and serious

injuries.

Elevator area or

The provision of an area or compartment for the installation of an elevator facilitates movement between

compartment floors without the need for major adaptations to the dwelling.
Ramps Wlﬂ.l Very steep ramps can be difficult to use. Ramps must follow the appropriate slope and width according to
adequate incline he saf bilitv of the elderl
and width NBR 9050 to ensure the safe mobility of the elderly.

Bathrooms with
suitable area for
approach and use

Due to the decline in the musculoskeletal system, it may be necessary for bathrooms to be larger to
accommodate elderly individuals using walkers or wheelchairs.

Width of
circulation areas
between fences

Likewise, it may be necessary to have wider circulation spaces to allow access for the elderly using walkers
or wheelchairs.

Inexistence of
isolated steps

NBR 9050 defines an isolated step as a sequence of up to two steps. The presence of isolated steps can hinder
the access of elderly individuals with orthotic devices to the environments of their residences, reducing their
independence. For those using walkers or wheelchairs, these steps can represent obstacles that are often
difficult to overcome.

3. Materials and Methods

In our work, the RR was applied to two specific case studies, grounded in previous
experiences of the research group, including the prior research developed (BER Home)
and master’s theses that were essential for the development of the resilient home con-
cept [17]. These experiences supported the creation and initial validation of the instrument
presented [29,30]. The research used the hypothetical-deductive method supported by
Design Science Research, which has as its principle the creation of artifacts as a result,
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offering solutions for existing systems. The artifacts developed are ARTIFACT 1, the set
of instruments for assessing resilience in social housing, and ARTIFACT 2, a collaborative
and guiding digital platform that proposes user-oriented resilience design strategies. A
guiding platform, entitled REFORMA NA PALMA DA MAO (HANDY HOME IMPROVE-
MENT) [94], was also developed, where the main design strategies to enhance resilience in
social housing (SH) are available through an easy-to-understand and accessible graphic
language for users. However, the emphasis of this article is placed on ARTIFACT 1, as
described below.

3.1. Case Study

The case study analyzed horizontal Social Housing Complexes (CHISs), specifically
Residencial Sucesso Brasil (RSB) and Residencial 2A4 (R2A4), chosen as units of analysis. This
research employed a dual case study approach to describe an intervention and its real
context [95]. Both CHISs represent different phases of the MCMYV in Uberlandia, delivered
between 2010 and 2013 and 2016 and 2017, respectively (Table 6). The city of Uberlandia,
where the case study was conducted, is located in the state of Minas Gerais, in the Southeast
region of Brazil. It is approximately 560 km from the state capital, Belo Horizonte, and
550 km from the national capital, Brasilia (Figure 1).

Table 6. Characteristics of the RSB and R2A4 residentials.

Characteristics RSB Residential R2A4 Residential
City sector South West
| Years of 2010/2013 2016/2017
implementation
Distance from the city
center (shortest path) 107 km 17.0 km
Program “Minha Casa, Minha Vida”
Income range 1 (0 to 3 minimum wages)
Plot size 8 x 25 (200 m?)
Typology Horizontal
Layout Paired houses (2 by 2) Detached on the plot
Orientation type 3 types (southeast, northwest,
(front of plot) and northeast) 4 types (north, south, east, and west)

Area of housing unit

Standard: 37.91 m?; adapted: 38.15 m?

42.35 m?

Room organization

2 bedrooms, integrated living room and kitchen, bathroom,
and external laundry

2 bedrooms, living room, kitchen,
bathroom, and external laundry

Construction system

Portuguese tiles on wooden  Concrete tiles on galvanized

Rooﬁng structure structures
Structural masonry of Solid concrete structural
Walls ceramic block walls with a thickness of
9x19 x 19cm 10 cm
Metal frames
Windows Airflow coefficient through cracks when the opening is

closed (kg/(s.m))—0.00063

Floor covering

Ceramic floor

Frames

Wooden doors and metal windows

Ceiling

White polyvinyl chloride (PVC) 8 mm

Heating system
provided

Solar heater
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Figure 1. RSB and R2A4 residential units.

The social profile of residents in RSB and R2A4 in Uberlandia, MG, is characterized by
a predominance of low-income families, with earnings mostly between 1 and 2 minimum
wages. Most of these families live in households with three or more people. Regarding
education, a significant percentage of this population has incomplete elementary education.
In terms of housing, while 46% of residents in RSB are in the process of acquiring their
homes, this percentage is 96% in R2A4 [18,96]. These aspects reflect a population group
facing significant economic challenges, requiring public policies that address their needs in
housing, education, and income.

3.2. Resilience Evaluation

To evaluate the factors that constitute resilience in the built environment in SH, the
main project attributes that confer resilience were identified and represented through
a Resilient Housing Evaluation Matrix (RHEM), adapted to the Brazilian context and
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specifically to the region of Uberlandia, as described in Section 2. The RHEM definitions
were based on the theoretical foundations of each attribute through an extensive systematic
literature review and the study of norms and parameters established in the Brazilian context.
Additionally, control cases were selected and studied to provide positive design references
for the attributes.

The current version of the RHEM incorporates the most relevant attributes for the
context of Brazilian social housing (SH), drawing on insights gained from the group’s
previous research [8,24].

The diagram illustrating the matrix (Figure 2) organizes these attributes around the
concept of the resilient home. The attributes are represented by light blue circles, with a
larger dark blue circle encompassing them to symbolize their collective role in fostering
resilience. Within this structure, all selected attributes are considered equally significant for
promoting housing resilience.

FLEXIBILITY

THERMAL
COMFORT

RESILIENT
HOUSE

ACCESSIBILITY
FOR THE
ELDERLY

ENERGY
EFFICIENCY

Figure 2. Resilient Housing Evaluation Matrix (RHEM).

Additionally, smaller circles in different colors orbit around the diagram, representing
other attributes of the built environment’s quality in SH that also contribute to resilience but
were not the primary focus of this study. Among these smaller circles orbiting the diagram,
the adaptations for income and the impacts of COVID-19 stand out. The adaptation for
income reflects the residents’ ability to adjust residential spaces to financial limitations
and opportunities, such as creating areas for commercial activities or sharing spaces to
reduce costs [43]. In turn, the adaptation for COVID-19 highlights the reorganization
of environments to meet specific demands, such as social distancing, remote work, and
multifunctional use of spaces [18,97,98]. These attributes have a contextual focus, as they
directly depend on the social, economic, and cultural contexts in which the housing units
are situated.

The listed attributes exhibit varying degrees of interrelation. However, their catego-
rization into distinct groups facilitated the operationalization of this research through the
design and application of post-occupancy evaluation (POE) tools.

It is worth noting that the thermal comfort and energy efficiency attributes were analyzed
separately despite sharing overlapping concepts and principles. The thermal comfort at-
tribute focused on passive building strategies and users’ adaptive behaviors, whereas the
energy efficiency attribute delved more deeply into technologies for resource and energy
savings, as well as residents’ behavior regarding these solutions.
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From the RHEM, the concept of a post-occupancy evaluation (POE) instrument called
the “Resilience Ruler” (RR) was derived. The RR was inspired by the Urban Commu-
nity Resilience Assessment Tool developed by the World Resources Institute, applied in
partnership with the municipalities of Porto Alegre and Rio de Janeiro (Brazil) to assess
the resilience of urban communities to extreme climatic conditions [99]. The RHEM is the
element that structures the components of the RR, and the RR is an instrument that enables
the analysis of resilience.

The RR comprises the attributes considered as facilitators of resilience, presented
through their respective indicators and sub-indicators. The physical aspects of the resi-
dences were evaluated based on their capacity to meet user needs and respond to impact
incidents, including a behavioral scale in this analysis.

To assess the level of housing resilience in each item, the instrument includes param-
eters. These parameters are numerical references used to define resilience measurement
scales, supported by established technical standards and scientific works tested in the
Brazilian context. For each of the proposed evaluation matrices, attributes, and their
indicators/sub-indicators, a standardized scoring system was assigned on a scale from 1
to 5, where 1 represents “non-resilient” and 5 “highly resilient”. The scale is structured
as follows: (i) indicator; (ii) sub-indicator and items; (iii) metric from 1 to 5, from low to
highly resilient; and (iv) parameter used for scoring (Table 7). For the parameters used in
scoring, evaluation methods were developed that included questionnaires answered by
residents, researcher perception, and analysis of architectural projects [8]. Table 8 illustrates
an example of one of the scales developed for the attribute of flexibility.

Table 7. Metrics of the Resilience Ruler.

Attribute

Sub-

indicators

Evaluation

item

Evaluation

item details

Indicator
1 2 3 4

Moderately
resilient

tool

Not resilient = Litte resilient Resilient

Parameters
Data
collection

The application of the scale was carried out through the individual evaluation of each
housing unit. After selecting a significant sample, each item was assessed, and the number
of houses that exhibit the corresponding characteristic was recorded. These data were
entered into a table, assigning points based on the defined parameters. Subsequently, the
average score was calculated. Based on this result, the sub-indicator was classified into
one of the following categories: not resilient (0-1.99), little resilient (2.0-2.99), moderately
resilient (3.0-3.99), resilient (4.0-4.99), or very resilient (5.0).

Each attribute’s resilience assessment was supported by multiple POE tools to com-
prehensively capture the complexity of resilience in social housing. The resilience of
social housing in terms of flexibility and energy efficiency was evaluated through resident
surveys and technical project analyses [18,29]. Similarly, thermal comfort was assessed
using resident surveys, technical project analyses, walkthroughs, and computer simula-
tions [13]. Finally, accessibility for older adults was evaluated through resident surveys
and walkthroughs [40].

The data collected through these instruments provided valuable inputs for applying
the RR, a most comprehensive POE technical “desk tool”, within the scope of the specific
criteria observed for each attribute.
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Table 8. Example of one of the scales developed for the attribute of “flexibility”. Source:
Oliveira (2023) [18].

Attribute: Flexibility

Indicator: Adaptability
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3.3. Sampling Plan Definition

The Resilience Rulers were applied at different moments in the case study as master’s
and doctoral research on the topic was developed. The [RESILIENT HOUSE] research
was partly conducted (between 2020 and 2022) during the COVID-19 pandemic, which
imposed social distancing and isolation measures, influencing the conduct of field research.
Consequently, the sampling for the application of this instrument varied for each attribute,
always subject to the residents” authorization for entry and photographic records or through
sketches and notes. However, this did not diminish the value of the results obtained from
the application of these resilience scales, as they indicated trends in the case study, meeting
the objectives defined for the instrument. Table 9 presents the application periods and
sampling for each attribute. Homes included in the sample were those where residents
allowed entry and photographic documentation, following prior reading, consent, and
signing of an Informed Consent Form (Authorized by the Ethics Committee on Research
with Human Subjects (CEP/CONEP /UFU), protocol number CAAE: 56151522.3.0000.5152).

Table 9. Periods of application of the RR by attribute or association and instruments used.

Attribute Period of Application POE Instruments Used Sampling
- . Questionnaire and
Flexibility January 2023 to April 2023 Walkthrough 40 houses
Questionnaire and
Thermal comfort February 2023 to May 2023 Walkthrough 42 houses
- Questionnaire and
Energy efficiency February 2022 to May 2022 Walkthrough 10 houses
Accessibility for the elderly November 2021 Architectural Project Analysis 11 houses
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4. Results and Discussion
4.1. Flexibility

Based on the application of the RR for the flexibility attribute, the case study residences
were evaluated using their indicators: adaptability and ampliability [18]. The average for
the attribute was 1.47, which means “non-resilient”, as described below. The “adaptability”
indicator obtained an average score of 1.55, therefore being considered “non-resilient”

(Table 10).

Table 10. Summary of the evaluation for the “flexibility” attribute. Source: Oliveira (2023) [18].

Level of Resilience

Summary of the RR Results

R2A4 RSB

Attribute: Flexibility

Indicator: Adaptability

Sub-indicator

Conversion

Polyvalence

Customize

Indicator: Ampliability

Sub-indicator

Elasticity

Expansion

Due to the minimum area and compartmentalization of spaces, the high overlap of
uses (Figure 3), and the low availability of electrical and plumbing installations (Figure 4),
two of the adaptability sub-indicators (conversion and polyvalence) scored close to the
minimum. Conversely, the third adaptability sub-indicator (personalization) scored above
2, thus being considered “little resilient”. In the visited homes, it was observed that there
was an effort by residents to personalize their homes, especially during the pandemic, a
period when more time was spent at home (Figure 5).

Figure 3. Overlapping uses.

The “expandability” indicator performed equally poorly, with an average score of 1.4
in the case study, thus being “non-resilient”. Issues such as the rigidity of the load-bearing
construction system, the lack of provision for expansion axes, and, thus, the adaptation of
built subsystems (plumbing and electrical), resulted in both residentials receiving scores
close to the minimum for the sub-indicators of “elasticity” and “expansion”. On the other
hand, the provision for the expansion of an existing room and the creation of a new one
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(Figure 6), through constant guidance in the user’s manual of use and operation, gave the
R2A4 a score equivalent to the “little resilient” level, which alone was not enough to raise

the overall average score of the indicators.

Figure 5. Personalization of the house.

Suggested area for
expansion
13 m?

Figure 6. Extension and new room planned.
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4.2. Thermal Comfort

To assess the thermal comfort attribute using the RR in the case study, the residences
were evaluated based on their indicators: bioclimatic building and climate sensitivity [13].
The average score obtained by CHIS was 2.14, or “little resilient” (Table 11).

The “bioclimatic building” indicator achieved an average score of 2.15—"little re-
silient”. Poor evaluations included inadequate construction materials for the climate,
removal of vegetation and permeable areas (Figure 7), and obstruction of natural lighting
and ventilation due to expansions (Figure 8). Concurrently, it was observed in R2A4 that
creating service areas adjacent to the embryo, predominantly towards the north, earned
these areas a score of “4” (resilient) for several houses. As a result, the average for this
residential area is slightly higher than in RSB. However, this alone was not sufficient to
classify the expanded residences as resilient.

Figure 7. Excessive paving of the lot.

Figure 8. Obstruction of windows by extensions.
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Regarding the “climate sensitivity” indicator, the average score was similarly low,
categorizing the case study as little resilient (score 2.14). A considerable number of people
reported understanding the relationship between climate and housing and taking action to
protect themselves, resulting in scores close to “moderately resilient” (score 3). Nevertheless,
in both CHISs, there is limited effort to obtain climate information, whether through civil
defense channels or weather forecasting apps on mobile phones. Similarly, few respondents
use channels to communicate and potentially seek assistance. Consequently, residents are
largely unprepared to cope with extreme weather events, compounded by the physical
inadequacies of the residences, placing them in a vulnerable climate situation.

Table 11. Evaluation summary for the thermal comfort attribute. Source: Bortoli (2023) [13].

Level of Resilience

Summary of the RR Results
R2A4 RSB
Attribute: Thermal Comfort 2.06 2.22
Indicator: Bioclimatic building 2.08 2.21
Construction systems considering interactions with solar radiation and
T 1.14 2.00
natural ventilation
Sub-indicator Geometry considering interactions with solar radiation 2.96 2.56
Geometry considering interactions with natural ventilation 2.42 217
Functional landscaping 1.54 1.73
Indicator: Climate sensitivity 2.04 2.24
Seeking information about the climate 1.29 1.76
Action to deal with the climate 2.6 2.72
Sub-indicator  Understanding the relationship between climate and built environment
. 2.95 3.18
characteristics for thermal comfort
Existence of communication means for requesting help 1.33 1.28

4.3. Energy Efficiency

For this attribute, the average obtained from the application of RR in the two resi-
dentials was 3.3, that is, “moderately resilient”, as shown in Table 12, for each proposed
indicator [29]. Regarding the “efficient envelope” indicator, aspects related to window
geometry were considered resilient (score above 4), while material quality received an
average score of 1.8, and maintainability of external paint and roofs received the lowest
average of 1.53 (“non-resilient”), being both solely dependent on residents’” actions.

For the “water heating” indicator, the presence of solar panels was a positive factor,
but frequent use of electric showers and lack of maintenance reduced the score to 2.7 on
average. The use of LED lighting and the utilization of natural lighting earned high scores
for the residential units in the efficient lighting and efficient appliances indicators (average
of 4.2 and 3.55, respectively). The habit of leaving appliances plugged in when not in use
and the lack of outdoor activities resulted in a “moderately resilient” rating (3.15) for the
efficient behavior indicator. Similarly, the almost non-existent gardening habits and tree
removal from sidewalks, combined with the excessive paving of lots, gave the “integrated
landscaping” attribute an average score of 3.

Similar to what occurs in the “thermal comfort” attribute, resilience based on energy
efficiency, while moderate, is still compromised by the physical aspects of housing. Fur-
thermore, the absence of certain behaviors hinders greater resource savings and better
well-being for the residents themselves.
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Table 12. Summary of the assessment for the energy efficiency attribute. Source: Oliveira (2022) [29].

Level of Resilience

Summary of the RR Results
R2A4 RSB
Attribute: Energy Efficiency 3.22 3.37
Indicator: Efficient envelope 2.51 2.47
Efficient materiality (construction guidelines) 1.45 2.21
Sub-indicator Efficient geometry (geometric guidelines) 4.28 4.04
Maintainability 1.8 1.27
Indicator: Water heating 2.76 2.6
o Efficient heating system 412 34
Sub-ndicator o ainability 14 18
Indicator: Efficient lighting 4.6 3.8
oo Utilization of natural light 4.6 2.6
Sub-indicator LED bulbs 16 4
Indicator: Efficient electrical equipment 3.3 3.8
o Equipment with PROCEL seal 3.2 4.0
Sub-indicator -
Newer equipment 3.4 3.6
Indicator: Conscious behavior 3.15 3.95
o Daily habits 3.1 3.7
Subdndicator 5o T abits 5 42
Indicator: Integrated green areas 3.0 3.6
oo Integrated landscaping 32 42
Sub-indicator -
Green preservation 2.8 3.0

4.4. Accessibility to the Elderly

The research on this attribute was first developed by Braga (2021) [40], when resilience
understanding was based on a simple case study comprising only RSB. Furthermore, it
was developed solely based on indicators considered essential for homes to meet the needs
imposed by declining capacities associated with aging. As observed in this study, it was
found that in all sampled homes, structural masonry predominated, providing support for
the future installation of support bars, earning Indicator A a score of 4 (“resilient”). The
sharing of walls without acoustic insulation with neighbors in half of the analyzed houses
earned Indicator B a score of 3 (“moderately resilient”). Approximately half of the analyzed
spaces allowed passage for a wheelchair-bound elderly person, while the remainder of the
sample had restrictions, resulting in Indicator C scoring 3.32 (Table 13).

Indicators D to G, in turn, express the quality of ventilation, lighting, and landscape,
as well as the handling of frames that provide access to them. Issues such as obstruction of
openings by adjacent expansions and suppression of green areas (previously exemplified)
contributed to the assessment of these indicators as “little resilient”, with scores ranging
from 2.2 to 2.58.

The absence of ramps in most of the analyzed homes and, where they exist, their
inadequacy, with a 57% inclination, earned Indicator I a score of 1 (“non-resilient”). In none
of the analyzed homes can a wheelchair-bound elderly person use the bathroom, while in
most of the sample, only elderly individuals without orthotics can use the sanitary facilities.
Additionally, it was observed that all bathrooms have a width of less than 110 cm, which
hinders the passage of a person using a walker, resulting in Indicator ] being rated as “little
resilient”—2.21 points.

The few circulation-only spaces found in the residences were considered “moderately
resilient”, resulting in Indicator K scoring 3.27. In most of these spaces, an elderly person
using a walker can move around, while in the rest of the sample, there were cases where
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a wheelchair user can make a 360-degree turn. Finally, regarding Indicator L, an isolated
step was found in less than 3% of the sample (Figure 9), which led to a score of 3.95 for
this aspect.

Table 13. Summary of the evaluation for the accessibility for the elderly attribute. Source: Braga
(2021) [40].

Level of Resilience

Summary of the RR Results
RSB
Attribute: Accessibility for the elderly (The research into this attribute was the first to
be carried out when the case study was simple, consisting of a single unit of 2.76
analysis—the RSB)

_ A—Type of enclosure used in the environments. 4
B—Existence of shared enclosures between residences and the presence of sound 3
insulation.

C—Width of access openings to each environment. 3.42

- D.—Que.ality of the ex.ternal view from each environment (except bathrooms, 236
circulation, and service areas).

_ E—Entry of sunlight into each environment. 2.35
F—The elderly, being inside the environment, can view the uncovered exterior 29

IR environment through the door or window.
G—The elderly can handle the window opening and locking mechanisms. 2.58

- H—Existence of an area or compartment designated for the installation of an elevator ~ (There was no more than
if there is more than one floor. one floor in the case study)

_ I—Evaluate the characteristics of the ramp, if one exists. 1

_ J—Approach and use area of bathroom furniture. 2.21

_ K—Width between enclosures in circulation environments. 3.27

_ L—Existence of an isolated step. 3.95

Figure 9. Isolated steps. Source: Braga (2021) [40].

4.5. Potential of the Instrument for Assessing/Promoting Resilience in SH

Observing both residentials, the resilience scores for the attributes (excluding elderly
accessibility) were similar to each other (Table 14). This demonstrates that there is a
similarity among the analyzed specimens, despite variations in delivery dates, materials,
and overall building geometry. The attribute with the lowest evaluation is flexibility, with an
average of 1.36 points, followed by thermal comfort, with 2.14 points, elderly accessibility,
with 2.76 points, and, finally, energy efficiency, with 3.3 points. It is evident that homes,
as delivered by MCMV and modified by their users without technical assistance, tend
towards a “little resilient” performance, as indicated by the average score of 2.32 for all
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attributes in the case study, exposing their users to impacts on various fronts represented
by these attributes.

Table 14. Evaluation summary for all attributes.

Summary of the RR Results—All Attributes

Level of Resilience

R2A4 RSB

Attribute: Flexibility 1.42 1.32

Attribute: Thermal comfort 2.06 222

Attribute: Energy efficiency 3.22 3.37

Attribute: Accessibility for the elderly It was not evaluated. 2.76

Average of attributes per unit of analysis 2.23 242
Final average of attributes 2.32

The first attribute, flexibility, is a solution for resilience in SH, especially given the
uniformity of constructions and the necessary transformations over their lifespan, facili-
tating adaptations and expansions [18]. Projects that do not consider flexibility principles
from the beginning deny the variation in family compositions and habits. This favors prob-
lems related to renovations without technical assistance [55,61], such as the suppression of
circulation and obstruction of openings, which affect other attributes like thermal comfort.

To ensure resilience, thermal comfort is also essential, requiring a balance between
physical and social abilities in the environment. This allows homes and their inhabitants to
resist and prepare for the impacts of climate and its changes [13]. The small dimensions,
coupled with inadequate envelope materials and low user agency against climate risks,
lead to expansions that obstruct light and airflow, impairing healthiness [36] and altering
the thermal energy balance of SH [100,101].

Energy efficiency, in turn, enables SH to withstand economic and climatic pressures. It
depends on the choice of passive building materials and geometries that are less dependent
on electricity, the introduction of renewable energies and high-efficiency systems, and
the practice of conscientious behaviors for their maintenance [29]. Even though SH is
equipped with energy-saving technologies, without user participation in their proper use
and maintenance, as seen in the case study, achieving high performance is challenging [102].

With the increasing elderly population and life expectancy, homes must also be safe
and capable of allowing adaptations, according to accessibility standards and universal
design, to ensure the well-being and autonomy of seniors. They need to be designed to
withstand anticipated impacts over the years, being resilient to aging with minimal effort
and investment [40]. The SH units studied highlight the limitations of aging [103,104], as
they rarely adequately consider different levels of physical ability, mainly due to a lack of
natural lighting and sightlines.

These attributes are priority qualities of the built environment faced with contempo-
rary challenges that cannot be neglected in housing [17]. Given the myriad of problems
previously identified in SH by the group, which are associated with the lack of these
attributes, the RR for their study was developed based on the established literature and
national and international technical regulatory parameters [24]. This paper presented
results from its pilot application, validating the methodology and reinforcing its relevance
and applicability to the specific context of SH.

Beyond an evaluative method, the RR encapsulates the necessary information for
providing assertive technical assistance to enhance resilience during renovations and
the design of new homes. As it involves understanding both the built environment’s
capabilities and the people simultaneously, the RR provides guidance for designers, service
providers, policymakers, and even users.
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Simultaneously, the work emphasizes the importance of understanding spontaneous
transformation patterns practiced in SH before proposing interventions [105,106]. Based on
this knowledge, obtained through user-centered methodologies (like POE), it is possible
to articulate better strategies for transforming housing [107-110], embedding resilience as
a priority.

Moreover, the educational potential of the instrument and discussion presented here
is highlighted, providing support for training active architects and urban planners to offer
assertive technical assistance [3]. Additionally, they serve as a rich repository of information
for preparing new technical assistance providers within undergraduate Architecture and
Urbanism courses, guiding students on the priorities of this field [111].

This study advances compared to other works developed in the international resilience
context, such as Elias-Trostmann et al. (2018) [99], by specifically addressing the context of
Brazilian SH, aiming to provide guidance.

Table 15 summarizes the guidance calls derived from the study of attributes and
their indicators through the pilot application of the RR in the case study. From these
calls, guidance sheets for renovations were developed, including solutions for the built
environment and people’s behaviors, which can be viewed at https:/ /www.casaresiliente.
com/orientandonova (accessed on 25 June 2024). It is important to note that the indicators
and sub-indicators defined for RR simultaneously function as parameters for evaluating
and guiding renovations, considering the financially constrained context of SH, and thus
preferably low-tech and low-cost solutions [23].

Table 15. Calls for guidance derived from the study of resilience for attributes.

Attributes

Calls for Guidance

Flexibility

Sockets and switches

Shoe furniture

Study and work in a double room

Study and work in a room for one person
Study and work in a room for two people or more
Study and work in a small room

Prepare the room for a healthy person
Enlarge the room or build new room
Choose the color of external walls

Stop infiltration

Fix leaks

Create internal courtyards with gardens
Define suitable openings

Choose materials and construction techniques
Implement an electricity generation system

Thermal comfort Position and shade openings

Adapt to temperature and humidity
Create conditions for ventilation and lighting

Choose paint color for external walls
Choose paint color for external walls
Clean and maintain solar panels
Plant a kitchen garden

Energy efficiency Build a new room with solar orientation in mind

Apply thermal waterproofing to the roof
Shade openings

Suit walls to the local climate

Use solar water heating in all bathrooms
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Table 15. Cont.

Attributes

Calls for Guidance

Fences capable of supporting support bars and handrails
Location of rooms

Room access openings

Quality of the external view

Direct sunlight entering each room

Accessibility for the elderly Viewing capacity through windows

Height of lighting and ventilation openings
Compartment for elevator installation
Ramps

Area for approaching and using toilets
Width between fences in circulation areas

Ultimately, providing information based on user-centered evaluations, the Resilience
Ruler, as a product of this work, both directly and indirectly supports the implementation
of renovations that promote resilience in the built environment (RBE) in SH. Thus, it assists
in maintaining the physical and psychological integrity of families benefiting from social
programs within the region delimited by Brazilian bioclimatic zone 4 (BZ4). Consequently,
this work can contribute to the health and overall well-being of society—aligning with
Sustainable Development Goal (SDG) 11—to make cities and human settlements inclusive,
safe, resilient, and sustainable [112-114].

5. Conclusions

The results point to the relevance of resilience in the built environment (RBE) in so-
cial housing (SH). RBE is defined here as the environment’s capacity to withstand, adapt,
and transform in the face of different impacts and demands over time. In the Brazil-
ian context, SH and its residents often have to overcome socioeconomic, environmental,
and physical difficulties imposed over time. Through an empirical study in the city of
Uberlandia, post-occupancy and performance assessment instruments were specifically
developed and applied with the aim of identifying several potential threats that appear
both as interruptions—in short and often extreme time horizons—and as diffuse and slow
threats—for longer periods.

Once the impacts were identified, the Resilient Home Evaluation Matrix (RHEM)
was defined, containing attributes, indicators, and sub-indicators of resilience, as well as its
theoretical and conceptual foundation. The attributes and indicators defined by RHEM
were thermal comfort, energy efficiency, flexibility, and accessibility for the elderly.
These attributes are considered essential for improving housing quality in the Brazilian
context and consequently increasing its resilience. Based on RHEM, it was possible to
develop the Resilience Ruler (RR), evaluate the level of resilience of the studied built
environment based on the parameterized attributes and their indicators, and, based on its
application, identify the main design strategies to increase resilience in SH. In this regard,
it is noteworthy that although the evaluation instruments were applied in a localized case
study (Uberlandia, Brazil), the methodological procedures can serve as a reference for
studies and propositions in different contexts, thus demonstrating the capacity of the study
to be replicated. In the future, we intend to improve the instrument with the aim of making
it a tool widely applicable to social housing projects, including case studies from other
countries or regions to enhance the generalization of the results.

Thus, this research achieved its main objectives and goals in that it provided recom-
mendations and design inputs for more resilient and sustainable projects, as well as more
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efficient tools for evaluating performance and post-occupancy of the resilience of the built
environment in social housing.

Some research results were made available on a pilot information platform via the
internet, entitled “RESILIENT HOUSE”, which is currently in the study phase (testing
and implementation phase). The website provides information from four research studies
([RES_APQ], [RES_APO 2 e 3], [BER_HOME] e [MY HOUSE WITHOUT DENGUE FEVER])
on “resilience in social housing” developed by the [MORA] group since 2016 through four
pillars: ASSESS, ACT, GUIDE, AND PREVENT. In addition to publicizing the research and
extension work carried out by the group, the website aims to provide general information
about the concepts used in this research, its structures, its objectives, and some results.

A guiding platform entitled REFORMA NA PALMA DA MAO (HANDY HOME
IMPROVEMENT) was also developed, where the main design strategies to increase re-
silience in SH are available through an easy and accessible graphic language for users. The
strategies point to resilient physical elements or social practices and positively mobilize
education and design practice at the service of resilient communities in a world that is
increasingly polarized and threatened by various causes (climatic, economic, and social).

Furthermore, we can make some considerations about the limitations of this research
and the possible challenges regarding its practical application or limitations in the data
used for its development. It is worth noting that the resilience assessment instruments
proposed here (RHEM and RR) were designed in a specific context (Uberlandia, BZ4)
based on local problems and demands, which somewhat restricts their scope. Despite this,
the programmatic, construction, and typological characteristics of the housing projects
produced in the local context of this research are similar to the vast majority of projects
originating from the Minha Casa, Minha Vida housing program produced throughout the
country, regardless of the different Brazilian contexts in which they are found. Thus, we
understand that in addition to a direct application in the macro-region in which this research
was conducted, the proposed instruments may serve as a solid basis for future research in
other regions of the country. Furthermore, the conceptual and methodological foundations
of this research may also be seen as advances in the area of knowledge, fostering future
reflections. Regarding the precision and uncertainties associated with the quantification
of resilience in social housing proposed here, it can be seen that since this research was
applied in a pilot case study, its results are limited to this specific universe. However, in
future research, we intend to apply the instruments (RHEM and RR) in other contexts,
aiming at their improvement and validation in new case studies.

We also point out some directions for future research: (i) an improvement in the
instruments, notably the parameters that make up the RR, and greater precision of the
metrics adopted and the averages obtained to obtain resilience; (ii) the need to validate the
RHEM in different housing contexts, refining the proposed attributes and indicators; and
(iif) the integration of additional indicators (e.g., thermal comfort metrics) to further refine
the applicability of the instruments.

Finally, we highlight the broader implications of improving resilience in SH, notably
contributing to Sustainable Development Goal 11 (Sustainable Cities and Communities),
making cities and human settlements resilient. We also highlight its potential contributions
to, namely, (i) SDG-3 (Good Health and Well-being), since through resilient housing, the
health and well-being of residents can be improved; (ii) SDG-7 (Affordable and Clean
Energy), since increasing thermal comfort in housing can contribute to the energy efficiency
of the whole; (iii) SDG-8 (Decent Work and Economic Growth), since resilient housing
initiatives can stimulate economic growth through sustainable construction practices; and
(iv) SDG-13 (Climate Action), since, by integrating the findings of this study into broader
climate action efforts, resilient housing can mitigate the impacts of local climate change.
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