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Abstract

The replication of Social Housing (SH) units without considering regional climatic specificities often compromises thermal
performance and residents’ well-being. This study proposes and tests a method to assess users’ thermal resilience,
understood as their ability to adapt to indoor thermal conditions through behavioral and perceptual adjustments. A pilot
study was conducted during the summer in a housing complex located in Pelotas, southern Brazil, integrating three
analytical dimensions: (a) thermal comfort level calculated according to ASHRAE Standard 55 (ASHRAE, 2020); (b) users’
thermal perception; and (c) artificial acclimatization strategies adopted. The methodology included thermal monitoring of
buildings using sensors and the administration of a questionnaire to residents. The results revealed a discrepancy between
objective and subjective assessments: although indoor environments remained within the ASHRAE Standard 55 comfort
zone for more than 82% of occupied hours, between 79% and 83% of residents reported heat-related discomfort, indicating
that the standard’s upper threshold may not represent local comfort conditions. The proposed qualitative matrices enabled
the classification of users as resilient, non-resilient, or typical, showing that most rely on artificial cooling to achieve comfort
and are therefore non-resilient. The study contributes to advancing research on thermal resilience by introducing a user-
centered method that integrates physical measurements and perceptual data. This approach broadens the understanding of
adaptive behavior in social housing and supports the development of design and evaluation strategies suitable for subtropical
climates.

Keywords: thermal comfort, thermal resilience, user resilience, Social Housing.

Avaliacao da Resiliéncia Térmica do Usuario em Habitacao de
Interesse Social

Resumo

A replicagido de unidades de Habitagdo de Interesse Social (HIS) sem considerar as especificidades climaticas regionais
frequentemente compromete o desempenho térmico e o bem-estar dos moradores. Este estudo propoe e testa um método
para avaliar a resiliéncia térmica dos usuarios, compreendida como a capacidade de adaptacao as condigbes térmicas
internas por meio de ajustes comportamentais e perceptivos. Um estudo piloto foi conduzido durante o verdo em um
conjunto habitacional de Pelotas (RS), integrando trés dimensées analiticas: (a) nivel de conforto térmico calculado
conforme a norma ASHRAE Standard 55 (ASHRAE, 2020); (b) percepg¢io térmica dos usuarios; e (c) estratégias de
aclimatacao artificial utilizadas. A metodologia incluiu o monitoramento térmico das edificacbes através de sensores e
aplicacdo de questionério com seus usudrios. Os resultados revelaram uma discrepancia entre as avaliagbes objetivas e
subjetivas: embora os ambientes internos tenham permanecido dentro da zona de conforto da ASHRAE Standard 55 por
mais de 82% das horas ocupadas, entre 79% e 83% dos moradores relataram desconforto por calor, indicando que o limite
superior da norma pode nao refletir as condigdes locais de conforto. As matrizes qualitativas propostas permitiram
classificar os usuarios como resilientes, nao resilientes ou tipicos, mostrando que a maioria depende de resfriamento
artificial para alcancar conforto, sendo, portanto, nio resiliente. O estudo contribui para o avango da pesquisa em resiliéncia
térmica ao introduzir um método centrado no usuario, que integra medicoes fisicas e dados perceptivos. A abordagem
amplia a compreensdo do comportamento adaptativo em habitacdes de interesse social e apoia o desenvolvimento de
estratégias de projeto e avaliacdo adequadas aos climas subtropicais.

Palavras-chave: conforto térmico, resiliéncia térmica, resiliéncia do usuério, Habitagdo de Interesse Social.
Financiamento: N&o aplicavel.
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1. Introduction

The demand for homeownership in Brazil is largely dependent on public policies aimed at addressing
deficiencies in the housing sector, providing incentives and financial resources. These policies not
only ensure the right to housing but also drive economic growth, recognizing adequate housing as
fundamental to the country's development. An example is the federal program "Minha Casa Minha
Vida" (MCMYV), initiated in 2009, which aims to meet the demand for homeownership among the
low-income population. However, the prioritization of real estate market interests by MCMV has led
to some limitations in the quality of Social Housing, such as low-quality architectural designs and
construction techniques (Amore; Shimbo; Rufino, 2015; Pinto, 2016; Bortoli, 2018; Araujo, 2020).

These limitations result in issues such as dimensional inadequacies, construction defects, and thermal
discomfort, leading residents to employ adaptation solutions such as alterations to the layout or
excessive use of air conditioning (Villa; Oliveira, 2021; Bavaresco et al., 2021; Wang et al., 2019).
These strategies for adapting and transforming the built environment can also be seen as the resilience
capacity of individuals to anticipate, adapt to, and transform the inhabited space as a means of
preservation against adversities (UN-Habitat, 2022).

Currently, the built environment is more vulnerable than ever to the impacts of climate change,
therefore, incorporating resilience requirements into the built environment is essential, and this
transformation into a more resilient environment can enable individuals to have the capacity to
withstand and adapt in response to any disturbance that may occur, in the short or long term (Al-
Humaiqgani; Al-Ghamdi, 2022).

Bortoli and Villa (2020) argue that, due to climate change being prominent among the current
challenges of our planet, it is essential for Social Housing to be resilient and capable of adapting to
the local climate. It can be stated that the resilience to climate change in housing will be greater the
deeper the understanding and awareness of the topic (Nunes; Giglio, 2022). In this context, the study
of resilience begins from a thermal perspective.

The present research considers thermal resilience as the capacity of a building to maintain internal
temperatures within pre-established limits or to enable adaptability of individuals, supported by
Schweiker (2020).

Therefore, the present study aims to assist in the analysis of thermal resilience by creating qualitative
matrices within a Post-Occupancy Evaluation. Supported by Tavakoli et al. (2022), Zhao, Lian, and
Lai (2021), Schweiker (2020), and Lomas and Giridharan (2012), the present research acknowledges
that the adaptive thermal comfort model can be used to assess user thermal resilience.

Overall, the model captures resilient behavior of the user. Therefore, the evaluation of the present
study is based on the adaptive model of ASHRAE Standard 55 (ASHRAE, 2020). The focus is on
analyzing the resilient behavior of building occupants under normal operating conditions, seeking to
understand how they accept and experience thermal discomfort and adapt passively or actively.

The contribution of the present work is the presentation of a method to determine the user's thermal
resilience based on the integration of the environment's thermal comfort level, calculated from
ASHRAE Standard 55 (ASHRAE, 2020), in the thermal comfort level perceived by users, and in the
artificial acclimatization strategies used by them.
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2. Theoretical background

The expression “resilience” has been a topic of focus in the last decade, is used in different domains
of literature and science (D’Agostino et al., 2023; Tavakoli et al., 2022; Attia et al., 2021; Schweiker,
2020; Martin; Sundley, 2015; Pickett et al., 2014). Initially associated with the ability to return to
balance after disturbance, resilience began to focus on a dynamic approach in other areas of
knowledge, highlighting the ability to adjust to changing conditions and respond to different
pressures (Hassler; Kohler, 2014; Laboy; Fannon, 2016). Currently, it is also applied to evaluate the
persistence of people, objects or systems in the face of challenges, highlighting the ability to transform
difficulties into positive opportunities (Garcia; Vale, 2017). Although definitions vary, there is a
correlation between contexts and fundamental principles, which remain consistent over time, being
adapted by different disciplines to meet their specific needs (Tavakoli et al., 2022).

The increase in temperature, driven by climate change, is a global concern, therefore, buildings play
a crucial role in protecting their occupants (Samuelson; Baniassadi; Gonzalez, 2020). From the above,
it is noted that the thermal resilience approach is essential to assess the climate mitigation and
adaptation potential of buildings in cities (Samuelson; Baniassadi; Gonzalez, 2020; Siu et al., 2023).
Schweiker (2020) defines thermal resilience in the case of a building as the ability to maintain internal
temperatures within established limits or allow people to adapt.

Based on the literature review conducted on thermal resilience, it is evident that the risk of
overheating is being studied in buildings both without mechanical cooling (Lomas; Giridharan, 2012)
and in well-insulated buildings during extreme events such as power outages in summer, for example
(Ozkan; Good, 2022; Kesik; O'Brien; Ozkan, 2020; Baniassadi; Heusinger; Sailor, 2018; Fosas et al.,
2018).

Siu et al. (2023) and Ji et al. (2023) highlight the need to assess and quantify the thermal resilience
of buildings to extreme weather conditions, particularly in relation to power outage events.
D’Agostino et al. (2023) propose metrics for quantifying passive and active thermal resilience,
depending on location and climate. The method developed was tested in five European climatic zones
using computational simulation, under normal operating conditions and during an extreme event.

In another line of study on thermal resilience, there is a focus on urban heat resilience (Lim et al.,
2022; Croce; Vettorato, 2021; Diz-Mellado et al., 2023; Xiang et al., 2022). Another line of study
focuses on resilient cooling and the passive survivability of the buildings, studied by Ahmed, Kumar,
and Mottet (2021), Miller et al. (2021), Lopez-Garcia et al. (2022), Samuelson, Baniassadi, and
Gonzalez (2020), and Borghero et al. (2023). Jha, Miner, and Stanton-Geddes (2013) and Cox (2023)
address resilience from the perspective of system management.

Many studies discuss retrofitting and its relationship with resilience (Borghero et al.,, 2023;
D’Agostino et al., 2023; Ji et al., 2023; Lomas and Giridharan, 2012). According to the authors,
retrofitting plays an important role in improving building envelope performance and contributes to
strengthening resilience, even in the face of climate change.

There is a gap in the literature regarding metrics capable of quantifying resilience promotion
(D’Agostino et al., 2023). According to Tavakoli et al. (2022), analysis of building-related resilience is
divided into five groups: resilient building design; resilient systems; resilient cooling; resilient cities;
and resilient occupant behavior. Schweiker (2020) further notes that research analyzing personal
resilience is scarce, emphasizing that building flexibility and occupants' adaptive capacity are crucial
factors for resilience. Therefore, the current study focuses on resilient occupant behavior within the
built environment. It is important to highlight that, whenever the term "resilient" is used in this work
to describe user behavior, it refers to their ability to adapt to internal thermal conditions through
behavioral and perceptual adjustments.

Thermal comfort requirements and preferences vary significantly among occupants of different age
groups, income levels, and health vulnerabilities (Hong et al., 2023). According to the authors, the
thermal resilience of buildings can be assessed by monitoring the outdoor climate, the indoor thermal
environment, and occupants’ comfort. To this end, monitoring temperature and humidity using
sensors is considered the most appropriate approach for evaluating existing buildings.
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Based on a literature review study (based on 22 articles and four databases), Peri et al. (2025) point
out that current research still neglects the importance of learning more about the thermal resilience
of building occupants, which, to some extent, interferes with the proposal of strategies to ensure
people's health and well-being in the face of extreme temperatures caused by climate change.
According to the authors, a building's performance is influenced not only by its design, installed
systems, and the local climate, but also by the behavior of the people who live in or use it. Thus, it is
justified to further investigate how occupants naturally adapt to the places through their behaviors.

Furthermore, Peri et al. (2025) emphasize that, in research on the thermal performance and thermal
resilience of buildings, occupants are generally conceptualized as passive thermal loads, with little
attention given to how they seek to adapt. In the few cases where adaptive behaviors are considered,
research is generally limited to observing the opening and closing of windows, the adjustment of
blinds, and the use of fans. According to the authors, other adaptive practices related to clothing, such
as choices and changes of garments, are rarely addressed.

This reinforces the relevance of user-centered approaches, such as the one proposed in this study,
which integrate behavioral, perceptual, and environmental dimensions to assess thermal resilience
more comprehensively.

According to Kesik, O'Brien, and Ozkan (2020), special considerations for thermal resilience in Social
Housing are necessary to protect vulnerable communities. Villa, Bortoli, and Oliveira (2021) also note
a lack of research specifically targeting resilience in Social Housing. Given the above, there is a
recognized importance in studying and assessing thermal resilience in Social Housing, especially
considering the historical quality issues of housing delivered through the MCMYV program in Brazil.

In the Brazilian context, several studies have contributed to the understanding of resilience and
thermal performance in Social Housing. Nunes and Giglio (2022), for example, examined the
sensitivity of building design variables to diverse environmental and climatic conditions, emphasizing
the need to integrate climate change considerations into design decisions to promote resilient built
environments. In turn, Villa and Oliveira (2021) developed a digital Post-Occupancy Evaluation
(POE) method focused on resilience, addressing attributes such as environmental comfort, flexibility,
and well-being. Their approach combines user feedback and digital tools to identify vulnerabilities
and guide more adaptive housing design strategies. Meanwhile, Bavaresco et al. (2021) conducted a
systematic review of energy performance in Brazilian Social Housing. Their findings indicate that
standardized designs and limitations of adaptation to local climates compromise thermal efficiency
and occupant comfort, while also highlighting the importance of incorporating passive design
strategies and user-centered approaches to improve energy efficiency and overall housing quality.

Common metrics include passive habitability, overheating threshold, and thermal autonomy, but a
lack of standardization persists due to scant guidance in technical standards and codes (Kesik;
O'Brien; Ozkan, 2020). Homaei and Hamdy (2021) propose a comprehensive metric considering
building and occupancy characteristics. Concomitant to the above, Lopez-Garcia et al. (2022) propose
innovative methods to audit heat resilience in buildings, using real monitoring data to assess internal
overheating.

According to Schweiker (2020), the widely accepted definition of thermal comfort is provided by the
American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE), which
describes it as "the condition of the mind that expresses satisfaction with the thermal environment
and is assessed by subjective assessment". This standard is applicable in the assessment of thermal
comfort, relating external and internal temperatures to determine whether the desired conditions
have been achieved (ASHRAE, 2020).

The adaptive approach to thermal comfort recognizes a range of acceptable temperatures, avoiding a
single definition of comfortable temperature (Nicol et al., 2020). In this context, Siu et al. (2023)
highlight different thermal tolerances, influenced by factors such as age, health and acclimatization.
Adaptive models, developed in recent decades, highlight the resilience of occupants to thermally
adjust (Zhao; Lian; Lai, 2021).
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Schweiker (2020) highlights three parameters for analyzing human resilience: resistance, coping
capacity, and recovery capacity, emphasizing the need to define measures to evaluate influencing
factors. Nicol et al. (2020) highlight that the assessment of thermal resilience is linked to the diversity
of construction materials and individual expectations, being influenced by social, cultural,
physiological, and psychological factors.

3. Method

This research is exploratory with a qualitative and quantitative approach. In methodological terms, it
is based on the Post Occupancy Evaluation (POE) procedures. The research! had four main stages, as
shown in the Flowchart in Figure 1, namely: (a) preliminary assessment, related to the collection of
information about the housing complex, and the study of the characteristics of the local microclimate
and buildings (construction techniques and wrap materials); (b) field survey, consisting of a
questionnaire with residents of housing units and thermal monitoring of buildings using sensors; (c)
calculation of the thermal comfort level according to the criteria established in ASHRAE Standard 55
(ASHRAE, 2020), and data systematization; (d) processing and analysis of results, which resulted in
the formulation of qualitative assessment matrices.

The procedures developed in each stage of the methodology are presented in detail below, as
summarized in Figure 1.

Figure 1 - Flowchart characterizing the research stages.
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Source: Authors, 2024.

3.1. Study of the climate context

The housing complex? studied in this research is located in Pelotass3, in the State of Rio Grande do Sul,
located in the Southern Region of Brazil belongs to Bioclimatic Zone 2R, according to the
categorization of the Brazilian Standard for Thermal Performance of Buildings — NBR 15220-3
(ABNT, 2024). The city of Pelotas is located at an altitude of approximately 9 meters, and it has a
predominant humid subtropical climate (type Cfa), according to the Koppen—Geiger climate
classification (Nimer, 1989; Grimm, 2009).

Figure 2 presents the values of monthly average relative humidity, monthly average temperature,
monthly minimum temperature, and monthly maximum temperature corresponding to the
climatological normals of 1991-2020, according to data from the Pelotas meteorological station
(INMET, 2024).

1 This research was approved by the Brazil Platform/Research Ethics Committee under the Certificate of
Presentation for Ethical Consideration (CAAE) number 65363922.7.0000.5317. All interviewees signed the
Free and Informed Consent Form, authorizing the anonymous use of their responses.

2 Residential Moradas Pelotas 2, built by NEX GROUP Incorporadora.

3 Pelotas has an estimated population of 325,685 inhabitants in 2022, according to data from the Brazilian
Institute of Geography and Statistics — IBGE (2022).
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Figure 2 - Monthly average values of relative humidity, air temperature, minimum temperature and maximum temperature in Pelotas/RS/Brazil.
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Source: Brandelli, 2024, p. 87.

According to the graph presented in Figure 2, average relative humidity values throughout the year
predominate in the range of 77% to 85%. May is the month with the highest relative humidity (86.2%),
while December has the lowest percentage (77.2%). The high humidity condition combined with the
occurrence of periods of mild temperature means that the thermal sensation of cold prevails. In the
Pelotas region, according to data from the Projeteee platforms, it is estimated that in 74% of the hours
of the year there is discomfort due to cold, in 12% there is discomfort due to heat and in only 15% there
is a condition of thermal comfort.

3.2. Characterization of the housing complex and buildings

It is a horizontal housing complex considered Social Housing, which has 492 semi-detached single-
story units.

4 Projeteee is a publicly accessible platform that presents climate data for several Brazilian cities. Available at:
http://www.mme.gov.br/projeteee/dados-climaticos/ Accessed on: April 25, 2024.
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Figure 3: Floor plan of the semi-detached housing units that make up housing complex.
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Source: Brandelli, 2024, p. 62.

The main bedroom has lighting/ventilation facing the front facade, while the living room/kitchen
opens towards the back of the lot (Figure 4).

Figure 4: Semi-detached housing units: front facade of corner housing (left) and side facade (right).

e G

Source: Brandelli, 2024, p. 63.

As for construction materials, the buildings were built with reinforced concrete fence panels cast in
situ, with the external and internal walls measuring 8 cm and 10 cm, respectively. The seals, both
internal and external, are covered with a layer of textured acrylic paste (Nex Group real estate
developer).

The dimensions of the walls comply with the minimum established by the Brazilian standard NBR
16055 (ABNT, 2022), which establishes the criteria for cast-in-place vertical concrete seals. The
foundation is of the raft type and serves as the basis for laying the internal floor. The coverage is
uniform and extends over the two semi-detached units. As for materials, the roof consists of ceramic
tiles, galvanized steel structure, and internal plaster lining.

The evaluation of the building envelope’s thermal and ventilation performance was conducted
according to the Brazilian performance standard NBR 15575 (ABNT, 2021). Table 1 indicates that both
the external walls and the roof exceed the maximum thermal transmittance (U-value) limits
established by the standard, which reflects the low thermal resistance of the envelope.
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Table 1 - Thermal performance of the envelope according to NBR 15575

Component NBR 15575 Requirment Calculated
External walls U <2.5W/(mK) U =4.41 W/(m2K)
Roof U < 2.3 W/(m2K) U =3.26 W/(mK)

Source: the authors.

Regarding natural ventilation (Table 2), the openings in the bedrooms and the living room/kitchen
meet or exceed the minimum requirements, whereas the bathroom is slightly below the recommended
area.

Table 2 - Ventilation according to NBR 15575

Room NBR 15575 Requirement (A 2 7%) Calculated
Bedroom 1 A>0.61m? A=0.72 m?
Bedroom 2 A>0.56 m? A=0.72m?

Living room/Kitchen A>1.33m? A=2.26m?
Bathroom A>0.20 m? A=0.18 m?

Source: the authors.

These results indicate that, although ventilation conditions are generally adequate, the thermal
performance of the envelope may contribute to increased indoor heat gain.

3.3. Application of the questionnaire

The questionnaire was administered in person by the researchers on April 5th and 8th, 2023. In total,
30 residents agreed to participate. The questionnaire was answered individually by each resident
during a researcher’s visit to the residence. In case of doubt about completing it, the researcher
explained the questions. In general, the application lasted around 30 minutes.

The questionnaire, of a qualitative nature, had 25 structured and closed questions, covering three
parts, each with a set of questions.

- First part: Recording user demographic data.

- Second part: Recording the user's perception regarding the level of thermal comfort in the
living room/kitchen and bedroom, in the morning, afternoon, and night shifts, throughout the
summer, winter, and autumn/spring seasons.

To record thermal perception, the interview was designed based on the seven-point scale defined by
the international standard ISO 10551 — Ergonomics of the physical environment — Subjective
judgment scales for assessing physical environment (ISO, 2019). The seven-point thermal sensation
scale is also recommended by ASHRAE. According to Fanger (1970), the ASHRAE seven-point scale
is used to determine people’s actual thermal sensations.

A color-referenced scale was provided during the interview process to assist respondents in accurately
interpreting the thermal sensation levels (Figure 5). The structured interview form is available in
Brandelli (2024).

Figure 5 — Seven-point thermal sensation scale presented during the interview
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Source: Brandelli, 2024, p. 64.
- Third part: Use of artificial acclimatization strategies used by the user to achieve thermal
comfort, such as the use of air conditioning units and fans.

All respondents signed the Informed Consent Form (ICF), allowing the responses to be used
anonymously.
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3.4. Thermal monitoring of buildings

Monitoring the thermal condition of buildings included measuring the operating temperature of
indoor environments for prolonged periods using sensors such as HOBO® Datalogger - ONSET.

Firstly, the calibration of the sensors used in the research was measured. To this end, according to the
procedure used by Silva (2017), the equipment was conditioned in a thermal box for 72 hours and
programmed to capture the temperature every 10 minutes for three days.

For this pilot study, 3 buildings in the housing complex were monitored, with each housing receiving
two sensors, one installed in the living room/kitchen and the other in the main bedroom. In order to
collect external temperatures, an external sensor was also installed, which was fixed to the outside of
a wall in one of the buildings. Monitoring took place from February 2nd to 24th, 2023, with hourly
measurements, which corresponds to 22 days and 528 hours.

The buildings studied are located on the same solar orientation axis (Northeast/Southwest). However,
they differ in terms of positioning (middle of row or corner), as highlighted in Figure 6 by the letters
A, B, and C, in terms of ventilation characteristics and acclimatization (natural or hybrid), and also
regarding occupation (adults with/without children), as shown in Table 3.

Figure 6: Implementation of a housing complex with the buildings monitored for the Pilot Study.
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Source: Brandelli, 2024, p. 78.
Table 3 — Characteristics of monitored residential units.
Housing Position Ventilation Occupants
House A - sensors 1 and 2 corner hybrid ventilation single-parent family
(father or mother + children)
House B - sensors 3 and 4 middle of row hybrid ventilation single-parent family
(father or mother + children)
House C - sensors 5 and 6 middle of row natural ventilation dual-income, no kids

Source: Authors, 2024.

The sensors were installed at a height of 1.20 m from the floor, on the side of cabinets or walls, in
accordance with Curcio (2011), and were protected from direct solar radiation (Figure 7).
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Figure 7 — Sensors installed in the bedroom (left) and living room (center), and approximate view of the equipment (right).

Source: Brandelli, 2024, p. 70.

It should be noted that the environmental measurements were not conducted simultaneously with the
interviews. This decision resulted from both logistical constraints during fieldwork and the
methodological approach adopted, which aimed to understand the residents’ overall thermal
experience within the dwelling rather than their instantaneous thermal sensation.

3.5. Calculation of thermal comfort level

The results from the monitoring were analyzed based on the adaptive thermal comfort index of
ASHRAE Standard 55 — Thermal Environmental Conditions of Human Occupancy (ASHRAE, 2020)5,
in order to measure the level of thermal comfort in the long-term indoor environments studied.

ASHRAE Standard 55 (ASHRAE, 2020) defines the operating temperature limits to characterize a
local Thermal Comfort Zone®. The neutral operating temperature is calculated from the average
weekly or monthly external air temperature, allowing a tolerance range of +3.5°C for conditions of
thermal satisfaction for 80% of users. In the present study, the monthly average was used.

Indoor operative temperature results from the combined effects of air temperature and mean radiant
temperature, and it also varies according to air velocity (Santo; Alvarez; Nico-Rodrigues, 2013). The
sensors used in this study measured only indoor air temperature. For simplification, it was assumed
that the indoor operative temperature was equal to the indoor air temperature and that the air velocity
inside the building did not exceed 2 m/s.

According to the external temperatures measured during the pilot study period, an average
temperature of 25.1°C was reached. The calculated neutral operating temperature for the period is
25.6°C. Therefore, the upper and lower limits of the comfort zone are, respectively, 29.1°C and 22.1°C,
according to ASHRAE Standard 55 (ASHRAE, 2020).

The internal operating temperature measured hourly was then compared with the limits of the
comfort zone in order to obtain the number of hours in thermal comfort of the environment, the
number of hours of discomfort due to cold and heat, as presented in the section that follows.

5 The research began in 2022, at which time the most up-to-date version of ASHRAE Standard 55 was the
2020 edition; therefore, this version was adopted for the study.

6 The ASHRAE 55 (2020) standard allows the calculation of the number of hours per year within the comfort
zone, observing an average relative humidity rate of 50%, and temperatures below 35°C.
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3.6. Comparative analysis of comfort level

To analyze the results, two approaches were considered, which are described below. Firstly, based on
the results of the assessment of the level of thermal comfort obtained from the procedures of ASHRAE
Standard 55 (ASHRAE, 2020), which defined the percentage of hours in which the environments
surveyed offer comfort, discomfort due to cold, or discomfort due to heat to their occupants. A
comparison was made between these results and the thermal sensation of users, obtained through
questionnaires.

This comparison made it possible to analyze whether the comfort zone recommended by the standard
is consistent with the perception that users reported in the questionnaire. It also made it possible to
observe the impact of acclimatization measures on thermal comfort conditions.

Also, with a view to the results of the evaluation according to the standard and based on the
questionnaire, the second analysis approach sought to compare the 3 buildings researched with each
other. Thus, the results were analyzed from a unit located on the corner (House A, with hybrid
ventilation), and two units located in the middle of a row (House B, with hybrid ventilation, and House
C, with natural ventilation). This analysis sought to verify whether solar exposure on facades (in
greater or lesser intensity) causes changes in the comfort condition of internal environments.

3.7. Formulation of qualitative assessment matrices

The analysis of the results also involved the formulation of qualitative user assessment matrices. The
matrices were constructed based on the observation of three parameters: (a) the level of thermal
comfort of the environment based on ASHRAE Standard 55 (ASHRAE, 2020); (b) the user's thermal
perception; (c) the artificial acclimatization strategies employed by the user, the latter collected from
the questionnaire.

The design of the matrices was based on the understanding that the combination of these three
parameters characterizes three types of users: (a) Non-resilient, which corresponds to those users
who have the perception of thermal comfort and still use artificial acclimatization strategies; (b)
Resilient, someone who perceives discomfort, however chooses not to use artificial acclimatization
measures; (c¢) Typical, which corresponds to that user who has an expected behavior, that is, when the
environment is thermally comfortable he does not use acclimatization, and when the environment is
thermally uncomfortable, he uses acclimatization. These classifications and conceptualizations
characterize the core of the proposed method.

The different possibilities for parameter combinations generated eight qualitative assessment
matrices, as shown in Table 4.

Table 4. Qualitative assessment matrices regarding users’ thermal resilience.

Matrix Level of thermal comfort User's thermal perception Artificial User’s resilience
of the environment / acclimatization classification
ASHRAE Standard 55-2020 strategies

1 Comfortable Comfortable Yes Non-resilient

2 Uncomfortable Comfortable Yes Non-resilient

3 Comfortable Uncomfortable Yes Non-resilient

4 Uncomfortable Comfortable No Resilient

5 Comfortable Uncomfortable No Resilient

6 Uncomfortable Uncomfortable No Resilient

7 Comfortable Comfortable No Typical

8 Uncomfortable Uncomfortable Yes Typical

Source: Brandelli, 2024, p. 74.

The first column of Table 4 refers to the qualitative assessment matrix generated, the second column
concerns the level of thermal comfort of the environment defined based on the ASHRAE Standard 55
(ASHRAE, 2020) method, corresponding to comfort or discomfort; the third column expresses the
user's thermal perception in relation to the researched environment; the fourth column refers to the
use of artificial acclimatization strategies by the user, expressed by Yes or No; and the fifth column,
finally, defines the user's classification as non-resilient, resilient or typical.
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The central conceptual assumption is that users’ thermal resilience refers to their ability to maintain
satisfaction—or at least tolerance—when exposed to thermal discomfort, prioritizing adaptive and
passive behavioral responses over the use of artificial strategies.

Accordingly, individuals who reported thermal discomfort but did not activate any artificial
acclimatization strategies were classified as resilient, as they demonstrated adaptive behavior through
acceptance, habit adjustments, or passive measures (e.g., clothing adaptation or window
management). Conversely, individuals who reported feeling comfortable while still using air
conditioning or fans were classified as non-resilient, as their comfort depended on technological
support rather than adaptive behavior. The typical category comprises users whose actions align with
the expected adaptive model (i.e., use of acclimatization strategies under discomfort and no use under
comfortable conditions).

This approach makes it possible to relate thermal resilience not only to physical conditions but also
to subjective adaptive capacity and cultural patterns of thermal comfort.

4. Results and discussions

This section presents the results obtained regarding the assessment of the level of thermal comfort
according to ASHRAE Standard 55 (ASHRAE, 2020), carried out from the thermal monitoring of
buildings through sensors, the application of the questionnaire with users living in the housing
complex, and the results systematized in the form of qualitative assessment matrices.

4.1. Results of the questionnaire application

When analyzing the results of the questionnaire application, a descriptive analysis is initially
presented. Subsequently, an interpretative analysis is presented, characterizing evidence that justifies
the illustrated data. The results of thermal perception regarding the level of comfort in summer are
presented in Table 5.

Table 5. Percentage values related to residents’ thermal perception responses.
Shift Bedroom Living room
\o c* SC* Cc* SW* W* VH* VC* c* SC* c* SW* W* VH*
Morning 0% 0% 0% 28% 21% 28% 24% 0% 0% 0% 55% 21% 21% 3%
Afternoon 0% 0% 0% 17% 3% 45% 35% 0% 0% 0% 21% 31% 24% 24%
Night 0% 0% 0% 21% 21% A41% 17% 0% 0% 0% 31% 34% 24% 10%
* Thermal perception scale composed of Very Cold (VC), Cold (C), Slightly Cold (SC), Comfortable (C), Slightly Warm (SW), Warm (W), Very Hot (VH).
Source: Authors, 2024.

It is observed that during the afternoon shift, 83% of user-respondents consider the bedroom to be
uncomfortable due to the heat, with 35% of these classifying it as very hot. Heat discomfort also
predominates in responses relating to the living room, in which 79% of respondents report feeling
discomfort due to heat. It is noted that the bedroom is considered very hot by more residents
compared to the living room for the same period of the afternoon.

During the night, the bedroom is seen as very hot by 17% of respondents and as hot by 41% of them,
which is equivalent to a total of 58% of users who consider the bedroom to be uncomfortable due to
the heat.

For 55% of respondents, the most comfortable environment indicated by residents was the living
room during the morning shift. The bedroom in the morning is considered uncomfortable due to the
heat by the majority of residents (73%).

The results regarding users' adaptation strategies regarding the use of air conditioning equipment
and fans are presented in Tables 6 and 7.
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Table 6. Percentage values relating to adaptation responses due to the use of air conditioning by residents.

Use of air conditioning equipment Bedroom Living room
Morning Afternoon Night Morning Afternoon Night
Do not use 80% 67% 47% 73% 63% 63%
Full shift 13% 20% 40% 13% 23% 13%
Half shift 7% 13% 13% 13% 13% 23%

Source: Authors, 2024.

Table 7. Percentage values related to residents’ adaptation responses due to fan use.

Use of fan equipment Bedroom Living room
Morning Afternoon Night Morning Afternoon Night
Do not use 70% 63% 30% 67% 57% 57%
Full shift 23% 33% 60% 33% 43% 43%
Half shift 7% 3% 10% 0% 0% 0%

Source: Authors, 2024.

Regarding users' adaptation strategies regarding the use of air conditioning equipment and fans, the
results show that, in the summer, the majority (53.3%) use air conditioning at night in the bedroom,
with 40% of respondents. They use the air conditioning throughout the night. There is no report of
the use of air conditioning equipment during the morning and afternoon periods in this environment.
As for fan use, 70% of users use the equipment in the bedroom at night, 60% of them throughout the
night.

In the room, the use of the air conditioning system is lower among users, approximately 33%, although
23.3% of respondents do not have air conditioning systems. Regarding the use of the fan, 43.3% of
respondents use the fan throughout the afternoon and throughout the night in the environment.

The questionnaire also included questions about the acclimatization strategies used by residents in
the living room and bedroom, which included questions about the management of openings (whether
they use windows and doors open, partially open, or closed), and about the use of blinds and curtains,
every shift and every season. However, it was not possible to include these responses in the
systematization of results, given the difficulty of isolating such acclimatization variables. This
difficulty, therefore, is a limitation of this study.

4.2, Results of thermal comfort level assessment

The results of thermal monitoring of House A (corner), House B (middle of the row), and House C
(middle of the row), as well as the neutral operating temperature of the analyzed environments and
the upper and lower limits of the comfort zone, are presented in Figure 8.
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Figure 8 — Results of thermal monitoring and assessment of the thermal comfort level (ASHRAE Standard 55) of Houses A, B and C.
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As seen in Figure 8, the highest external temperature for the period was 41.1°C and the lowest was
12.2°C, which consists of a thermal amplitude of 28.9°C. The average maximum internal temperature
was 32.3°C, and the average minimum internal temperature was 19.3°C.

According to the external temperatures measured during the research period, an average temperature
of 25.1°C was reached. Therefore, the calculated neutral operating temperature for the period is
25.6°C, according to the calculation procedure indicated by ASHRAE Standard 55 (ASHRAE, 2020).
Therefore, the upper and lower limits of the comfort zone are, respectively, 29.1°C and 22.1°C,
representing 80% of users' thermal satisfaction (ASHRAE, 2020).

The bedroom/House A presented a greater thermal amplitude compared to all other environments
(living rooms and bedrooms). The highest temperature in the bedroom/House A was 33.6°C, the
lowest was 17.5°C, which corresponds to a thermal amplitude of 16.1°C. Living room/House A
presented a thermal amplitude of 10.9°C.

The temperature range in the living room/House B was 14.5°C, and in the bedroom/House B it was
12.5°C. The temperature range in the living room/House C was 11.7°C, and in the bedroom/House C
it was 12.1°C. These results demonstrate that House A has higher internal temperatures compared to
the other buildings analyzed.

When comparing the living rooms of Houses A, B, and C, the results show that the living room/House
A (located on the corner) has a greater thermal amplitude than the living rooms of Houses B and C
(both located in the middle of the row), as shown in Figure 9.

PARC | Pesquisa em Arquitetura e Construcdo |v. 17 | e026017 | 2026



Assessment of User Thermal Resilience in Social Housing

Figure 9 — Thermal monitoring of the rooms of Houses A, B, C, compared with the comfort zone and neutral temperature.
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As shown in Figure 9, this difference in thermal amplitude between the analyzed living rooms
probably occurs because House A is located on the corner, having a larger external sealing area in
contact with the external environment, which leads to greater exchange of heat with the outside air.
Furthermore, reinforced concrete has a high thermal transmittance index, which provides low
thermal insulation to the enclosure.

Houses located in the middle of rows (Houses B and C), due to the semi-detached configuration, have
a smaller heat exchange area with the external environment and greater capacitive thermal insulation,
since the duplication of dividing walls between houses increases the thermal mass of the internal
walls.

When comparing the bedrooms, it is observed that the bedroom/House A, which has air conditioning,
has a greater thermal amplitude compared to the bedrooms in Houses B and C, which only have
natural ventilation (Figure 10).

PARC | Pesquisa em Arquitetura e Construcdo |v. 17 | e026017 | 2026



Assessment of User Thermal Resilience in Social Housing

Figure 10 — Thermal monitoring of the bedrooms of Houses A, B, C, compared with the comfort zone and neutral temperature.
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The assessment of the level of thermal comfort according to ASHRAE Standard 55 (ASHRAE, 2020)
also allows us to obtain the number of hours in thermal comfort, the number of hours in discomfort
due to cold and discomfort due to the heat of the environment, as shown in Figure 11 (House A), Figure
12 (House B) and Figure 13 (House C).

Figure 11 — Comfort level in House A, from ASHRAE Standard 55.
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Source: Authors, 2024.

According to Figure 11, in relation to House A (corner), it is observed that the bedroom presents a
significant increase in the percentage of hours of discomfort due to heat compared to the living room.
As already explained, this probably occurs because the bedroom, unlike the living room, has an
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external wall facing the outside, which causes exposure to direct sunlight from the Northwest

orientation.

Figure 12 - Comfort level in House B, from ASHRAE Standard 55.
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Figure 13 — Comfort level in House C, from ASHRAE Standard 55.
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As illustrated in Figures 12 and 13, when comparing the two mid-row houses, with the same solar
orientation, House C with natural ventilation and House B with a hybrid system, an increase of 5% in
the percentage of hours of discomfort due to heat is noted in the room of House C, since the ventilation
of the environment occurs naturally.

4.3. Results of qualitative assessment matrices

As mentioned in the Method section, the qualitative assessment matrices formulated within the scope
of this research were constructed based on three parameters:

a) the level of thermal comfort of the environment based on ASHRAE Standard 55 (ASHRAE,
2020);
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b) the user’s thermal perception covers the categorization “comfort” or “thermal discomfort”;

c) the artificial acclimatization strategies used by the user: defined as “yes” or “no”, that is,
whether the resident uses or does not use any acclimatization strategy.

In relation to the first parameter, the level of thermal comfort of the environment calculated according
to ASHRAE Standard 55 (ASHRAE, 2020) for more than 80% of the hours showed that the buildings
analyzed were within the thermal comfort zone; therefore, the environment is thermally comfort.

Using the eight matrices listed in Table 4, the three parameters were crossed for each user, and the
classification of each respondent was obtained, in the bedroom and in the living room. Table 8
presents the percentage classification of user types regarding thermal resilience.

Table 8 — Percentage values related to types of users regarding thermal resilience.

Environment Classification Percentage
Non-resilient 57%
Bedroom
Resilient 23%
Typical 20%
Non-resilient 70%
Living room
Resilient 13%
Typical 17%

Source: Brandelli, 2024, p. 81.

According to the method proposed in this study, the resulting classifications indicate that the vast
majority of users participating in the research present Non-Resilient behavior, with the percentage
being significantly higher in relation to the room (70%). This characteristic is probably related to the
shift that the user predominantly occupies in each of the environments, as well as their mode of
occupation. For example, the living room, as it is integrated with the kitchen, is probably the room
used for more hours during the day, compared to the bedroom, which is used predominantly at night.
Furthermore, in the living room/kitchen, the user must perform more activities in movement, and in
the bedroom, resting activities prevail.

The results obtained in this study are consistent with, and extend upon, previous research on thermal
resilience, while introducing an innovative perspective centered on occupant behavior. Studies such
as D’Agostino et al. (2023) and Ji et al. (2023) have evaluated thermal resilience through quantitative
indicators related to overheating risk, passive survivability, and retrofit performance, emphasizing
the role of the building envelope and energy systems. In contrast, Schweiker (2020) and Tavakoli et
al. (2022) highlight the scarcity of approaches that explicitly incorporate the human adaptive
dimension of resilience, an aspect that the present research directly addresses.

The discrepancy identified between comfort levels calculated according to ASHRAE Standard 55
(ASHRAE, 2020) and users’ subjective perception aligns with observations by Nicol et al. (2020), who
emphasize that cultural and contextual factors often shape thermal expectations more strongly than
physical parameters alone. This finding reinforces the need for regionally calibrated adaptive models
for the Brazilian climate.

Moreover, the classification matrices proposed in this study represent an advancement over previous
Post-Occupancy Evaluation (POE) methods applied to Social Housing in Brazil. By integrating users’
perceptions, objective comfort levels, and acclimatization behavior, the proposed method introduces
a qualitative tool capable of identifying degrees of user thermal resilience, thereby bridging the gap
between thermal performance analysis and environmental psychology in the built environment.

5. Conclusions

Most research on thermal resilience has focused on the risks of overheating in built environments,
aiming to quantify the capacity of buildings and cities to cope with extreme weather conditions.
(Borghero et al., 2023; D’Agostino et al., 2023; Ji et al., 2023; Siu et al., 2023; Cox, 2023; Diz-Mellado
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et al., 2023; Lim et al., 2022; Xiang et al., 2022; Tavakoli et al., 2022; Ozkan; Good, 2022; Lopez-
Garcia et al., 2022; Homaei; Hamdy, 2021; Croce; Vettorato, 2021; Miller et al., 2021; Ahmed; Kumar;
Mottet, 2021; Sun; Specian; Hong, 2020; Samuelson; Baniassadi; Gonzalez, 2020; Kesik; O'Brien;
Ozkan, 2020; Baniassadi; Heusinger; Sailor, 2018; Fosas et al., 2018).

However, as emphasized by both Schweiker (2020) and Peri et al. (2025), there remains a
considerable gap in the literature concerning the thermal resilience of building occupants. In this
context, the present study is understood to contribute to addressing this gap by developing and testing
a concrete method for analyzing user thermal resilience—namely, the formulation of qualitative user
assessment matrices. This methodological approach was based on the integration of the thermal
comfort level of the indoor environment, calculated according to ASHRAE Standard 55 (ASHRAE,
2020), the user’s thermal perception of the indoor space, and the acclimatization strategies adopted
by the user. In other words, the method was developed by cross-referencing qualitative data derived
from user responses with quantitative data obtained from sensor monitoring and comfort level
calculations.

The pilot study was conducted in social housing units located in Bioclimatic Zone 2 of Rio Grande do
Sul, Brazil, over a 22-day period during the summer of 2023. The results revealed limitations in the
direct application of ASHRAE Standard 55 (ASHRAE, 2020) to the southern Brazilian context.
Although the standard indicated that more than 82% of the hours were within thermal comfort limits,
79% of respondents reported thermal discomfort in the living room and 83% in the bedroom during
the afternoon period, suggesting a possible overestimation of comfort conditions when assessed solely
by the standard.

The in-person application of questionnaires proved essential not only for clarifying doubts but also
for uncovering relevant user practices, such as the indirect use of air conditioning in non-conditioned
spaces. This finding underscores the influence of cultural, economic, and subjective factors on thermal
comfort strategies, which may not be fully captured by standardized or remotely applied
questionnaires.

Additionally, the importance of mapping user behavior regarding natural ventilation—particularly the
opening of windows and doors—was noted, although this variable was not integrated into the comfort
analysis at this stage. This study was limited to reporting only the artificial strategies adopted.
Regarding thermal monitoring, it is recommended that indoor and outdoor air temperature
measurements be carried out continuously over a full year, with regular visits for data collection and
sensor maintenance.

In conclusion, the proposed method shows potential for capturing the complexity of user behavior in
response to thermal discomfort, particularly in the context of social housing. Preliminary results
suggest that cultural factors significantly influence users' adaptive strategies, highlighting the need
for more comprehensive future analyses.

This research, therefore, contributes to broadening the scope of thermal resilience studies by shifting
the analytical focus from building-centered metrics to a user-centered resilience framework, essential
for understanding the dynamics of thermal comfort in low-income housing contexts and for informing
socially sensitive housing policies.
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