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Abstract

A typical approach in the design of dormitory buildings in Bangladesh is to duplicate the same room layouts-
window size, arrangement, and shading techniques, without considering the room'’s position within the building
and its boundary conditions. However, these spatial aspects can impact the indoor thermal environment, thereby
influencing how occupants perceive temperature and their overall comfort. This research aims to examine how
the conditions of boundaries and the vertical and horizontal arrangement of rooms affect the indoor thermal
conditions of a dormitory structure. A case study method was employed, choosing different rooms within the
same building, having the same layout but different positions and boundary exposures (for example, corner,
interior, and adiabatically bounded rooms). Field measurements were conducted to evaluate the indoor air
temperature using a calibrated temperature data logger. This indicated fluctuations in the indoor air temperature,
where upper floors and areas which are more exposed to external boundaries typically face higher levels of
thermal discomfort. Furthermore, Occupants' questionnaire survey indicated a common experience of discomfort
due to the humidity and the need for ventilation adjustments. This study recommends for more contextually
sensitive dormitory designs in similar climatic conditions by integrating objective temperature measurements
with the subjective feedback from occupants.
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1 Introduction

In the context of the hot-humid climate of Bangladesh, it remains a consistent challenge to achieve thermally comfortable
indoor environments in institutional housing such as dormitories. Although in contemporary building design practices, energy
efficiency and the well-being of the occupants are the key concerns, a lot of residential dormitories are still being designed
with standardized room layouts. The effects of spatial positioning or boundary exposure are not considered in these layouts.
A common architectural practice involves design of replicated identical room configurations with uniform openings,
orientations and shading features without the consideration of room’s placement within the building or their exposure to
external boundaries.

Numerous studies have already focused on the effect of boundary conditions on building thermal performance. For instance,
Fokaides et al. As discussed, boundary conditions i.e., temperature changes or solar radiation exert direct impact on energy
consumption of building elements (Gadh et al. 2018). Similarly, Luo et al. Ground boundary conditions have an important
effect on indoor air temperatures in buildings and (2010) demonstrated that energy performance can be significantly impacted
by choice of boundary condition. Others, for example, Elghamry and Hassan (2019) investigated the role of window design
parameters in enhancing energy performance to highlight the influence of window orientation and area with climatic
circumstances. However, buildings have microclimatic changes in their indoor spaces due to the boundary exposure and room
position which are often overlooked by the repetitive design strategies. The position of a room, weather it is located on a
higher floor, corner position, or enclosed by boundaries can significantly affect internal air temperature, humidity, and
airflow. Each of these play vital roles in determining the thermal comfort of its occupant. This limitation generates unequal
indoor spaces amongst the residents and also conflicts with the sustainable design principles of a building. The role of
boundary exposure and room placement in influencing indoor thermal conditions has been widely discussed in previous
studies (Rosady, et al., 2022; Mulyadi, et al., 2022). While a number of studies on the impact of boundary conditions on
thermal comfort focus on individual room characteristics or specific building orientations (Mahfudha, 2024; Mulyadi, et al.,
2022), few address the spatial variation within dormitory buildings with identical layouts. By examining how variations in
room placement in different level or in the same level affect the thermal performance of student dormitories, this study aims
to fill this gap. Moreover, window operation and fan use are essential for enhancing thermal comfort in naturally ventilated
dormitories (Bhandari, et al., 2023). These adaptive strategies and passive cooling techniques like ceiling height adjustments
and strategic window placement upgrade comfort levels without the dependence on mechanical cooling (Mahfudha, 2024). In
the present era of energy crisis, the required energy for heating and cooling buildings is 6.7% of total world energy
consumption. The natural heating and cooling systems consist of the collection, storage, distribution, and control of thermal
energy flow, can save 2.35% of the world’s energy requirements (Delsante & Alghoul, 1989).
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This study was taken from a dormitory building located in Gazipur city, Bangladesh. The building is being used as a teacher’s
dormitory at Dhaka University of Engineering & Technology (DUET). The aim of the research is to discover how boundary
exposure and spatial context shape indoor thermal environments by analyzing thermal variations in architecturally identical
rooms that differ in vertical and horizontal positioning. To achieve this aim, the study will:

. Analyze the impact of different horizontal and vertical placement of identical rooms on indoor air temperature
variations.
. Analyze the thermal comfort experienced by dormitory residents through organized surveys, comparing their

comfort levels in rooms with the same layouts but different spatial contexts.

Through these objectives, this study seeks to provide considerations into the design of more responsive dormitory buildings
in regions with similar climatic conditions.

2 Methodology

A case study-based approach was used to investigate the impact of spatial context—specifically boundary
conditions and room placement—on the indoor thermal environment in a residential dormitory building located
in Gazipur, Bangladesh. Particular focus was given on comparing indoor air temperature of rooms having similar
layouts but different spatial configurations.

2.1 Case Study Description and Room Categorization
A five-storied residential dormitory building located in Gazipur, Bangladesh was selected as the case study. The
building has a repetitive floor plan (Fig. 1(a)), where rooms have identical design features for example,
orientation, layout and window size but different positional characteristics. This created an ideal condition to
analyze the impact of spatial positioning on indoor thermal performance. The south-wing rooms of the second
floor were first categorized based on their external exposure and adjacency in order to investigate the influence
of horizontal boundary conditions (Fig 1(b))

i)  Corner rooms: exposed to two or more exterior walls

i) Interior rooms: enclosed by surrounding rooms on both sides

iii) Adiabatically bounded rooms: located adjacent to unconditioned buffer zones such as staircases or

corridors (Table 1)

SHsp=ERgR
(a) (b)

Figure 1. (a) Floor plan; (b) Horizontal category; (c) Vertical category

Table 1. Boundary conditions and attributes of the case studies (Horizontal Position)

Category Case study  Attributes North South East West

Corner room 201 Door 1 1 0 0
(Level 2) Window 1 1 0 0

Exposure veranda corridor exterior adjacent room
Interior room 202 Door 1 1 0 0
(Level 2) Window 1 1 0 0

Exposure veranda corridor adjacent room adjacent room
Adiabatically 203 Door 1 0 0 1
bounded (Level 2) Window 1 1 0 0

room Exposure veranda corridor adjacent room corridor
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Additionally, to analyze the effect of vertical placement, five rooms having identical boundary conditions were
selected (Fig 1(c)). Each of these rooms is located on a different floor (from ground to fifth) within the same
vertical stack (Table 2) which allowed assessment of how floor height influences indoor temperature due to
variation in solar exposure, wind movement, and roof heat gain across different levels.

Table 2. Boundary conditions and attributes of the case studies (Vertical Position)

Attributes 101 201 301 401 501
North wall Door: 1, Window: 1, Exposure: Corridor
South wall Door: 1, Window: 1, Exposure: Veranda
East wall Door: 1, Window: 1, Exposure: Exterior
West wall Door: 1, Window: 1, Exposure: Adjacent room
Floor Level 1 2 3 4 5

The combination of these two strategies—horizontal and vertical spatial comparison—enabled a comprehensive
understanding of how spatial context impacts thermal performance, irrespective of layout design.

2.2 Thermal Data Collection

Indoor air temperature was measured using calibrated HOBO MX2202 pendant data loggers to identify the
thermal conditions of the case rooms. It is a waterproof sensor featuring Bluetooth connectivity, which allows for
seamless data transfer to mobile devices or Windows computers via a dedicated application. The sensor provides
reliable and accurate temperature measurement within a range of —20°C to 70°C for air and —20°C to 50°C for
water. The sensors were placed at the center of each selected room, approximately 1.1 meters above the floor
following the guidelines of ASHRAE Standard (ASHRAE, 2010). Temperature data were recorded continuously
over a 24-hour period with 1 hour logging interval.

All rooms were monitored under same occupancy and operational conditions, with no interference in occupant
behavior or the use of mechanical systems such as fans or window operations. All data were collected within the
same day to ensure that external weather conditions remained same for all case studies during the measurement
period. This minimized external variability and ensured the comparability of results across different rooms.

2.3 Occupant Survey and Response Collection

A questionnaire survey was conducted to understand users’ thermal perception across different room types and
floor levels. It involved questions related to occupants’ perceptions related to temperature, air quality and
movement, humidity, and frequency of ventilation adjustments. The questionnaire also addressed thermal
experiences throughout the day, including overheating or cold discomfort periods. Responses were collected
from occupants of all the studied rooms. A five-point scale was used to quantify comfort levels where 1 to 5
points indicated very uncomfortable to very comfortable condition. The survey data was used to gain subjective
insights and to identify if it complements the objective thermal measurements. This analysis enabled how spatial
configuration influences occupant comfort in dormitory buildings within hot-humid climates in real life scenario.

2.4 Data Analysis

The collected data was analyzed and compared to assess temperature variations between the different room
categories. The results were then interpreted to evaluate the effect of boundary exposure and room placement on
indoor thermal conditions, despite identical design parameters.

3 Results and Discussion

3.1 Indoor Temperature Data Summary

The 24-hour air temperature data collected from all monitored rooms indicate noticeable variation in thermal
performance in spite of having identical layouts. Fig. 5 shows the average, maximum, and minimum
temperatures recorded in each room. The average indoor temperature across rooms ranged from 29.16°C to
29.76°C. The corner rooms consistently exhibited slightly lower average indoor temperatures compared to
interior and adiabatically bounded rooms. The variation among the rooms despite identical layout indicates
substantial role of solar radiation and heat gain through the building envelope and the need to examine the spatial
context in more detail.
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Figure 2. Average, maximum, and minimum temperatures in each room

3.2 Impact of Spatial Positioning on Thermal Performance

To understand the impact of spatial position on thermal performance, the temperature variations of the three
rooms—Room 201 (corner room), Room 202 (interior room), and Room 203 (adiabatically bounded room)—
were observed. Figure 3 illustrates the temperature data recorded in these three rooms in 24 hours which shows
distinct patterns in thermal performance.

Room 201 which is located at the corner of the south wing, showed relatively consistent temperature variations
throughout the day. It maintained an average temperature of about 29.94°C from the late afternoon to early
evening along with some variation during the nighttime and morning. The temperature increased slightly at
midnight before gradually decreasing. This pattern suggests the influence of both external heat exposure and
internal factors, characteristic of corner rooms, which are more vulnerable to outside environmental conditions.
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Figure 3. Impact of spatial positioning on thermal performance

Room 202, an interior room, showed a more stable temperature profile than room 201. The temperatures
remained close to 30.00°C throughout the day and night, with minor fluctuations between 29.43°C and 30.16°C.
The two parallel facades of this room sharing the walls of the adjacent rooms reduce its exposure to external
factors like solar radiation and outdoor temperature variations, resulting in a more consistent indoor temperature.

Room 203 which is characterized by corridors on two sides, showed the highest variations of temperature among
the three rooms. During the late afternoon, its temperature peaks at 30.37°C and is higher than other rooms. As
night progresses, the temperature decreased more rapidly than the other two rooms. As the adiabatic boundary
conditions helped reduce heat gain from outside and the room's ability to retain heat during cooler periods, it
leads to a significant temperature drop throughout the night.

In summary, the corner room (Room 201) showed fairly stable temperature fluctuations because it’s exposed
from the eastern wall to the outside environment. The interior room (Room 202) had less exposure to outdoor
heat and cold. This room maintained the most consistent temperature throughout the day. In contrast, the
adiabatically bounded room (Room 203) displayed the highest temperature variations. This reflects the impact of
its thermal insulation, which caused both heat retention and regulation. These findings underline the importance
of room positioning and boundary conditions to determine indoor thermal comfort with possible implications for
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energy efficiency and occupant satisfaction. These results provide valuable insights to improve architectural
design and climatic control measures in institutional housing of Bangladesh.

3.3 Impact of Floor Height on Indoor Thermal Conditions

To assess the effect of vertical positioning, five rooms with identical layouts and boundary conditions—each
located on a different floor were analyzed: ground floor (101), first floor (201), second floor (301), third floor
(401), and fourth floor (501). The results, based on 24-hour temperature data show distinct thermal variations
with floor height (Figure 4)
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Figure 4. Impact of floor height on indoor thermal conditions

The fluctuation of temperature was drastically visible in the highest-level room (501), ranging from 29.12°C to
30.50°C (5AM-3PM). This character of the chart indicates increased solar exposure and heat retention from the
roof. The temperature of the room of the third floor (401) was in between 29.21°C and 30.31°C (5AM-3PM).
This floor was cooler than the fourth floor, but the temperatures still showed significant rise in temperature in the
afternoon. The second floor (301) and the third floor had similar result in thermal gain, with temperatures in the
range of 29.26°C at 5 AM to 30.46°C at 3 PM. Fluctuating in between 29.29°C to 30.37°C (5AM-3PM), the
first-floor room (201) indicated less temperature fluctuations than the ground floor. This directs towards the
decision that a gradual increase in thermal gain with height. The ground floor room (101) exhibited exceptional
temperature due to enclosed balcony with added curtains.

The analysis of the results indicate that higher floors experience greater thermal fluctuations. The top floor (501)
showing the highest temperatures and lower floors like the second floor (201), experienced more stable
temperatures. The findings of this study signify the impact of floor height on thermal performance. The results
also suggest the need for enhanced passive cooling strategies in buildings with multiple floors along the Z axis in
hot- humid climate. On the other hand, the rooms at the lower floors were cooler due to the contact of earth and
shaded surroundings. The findings demonstrate that floor height is a critical factor in passive thermal
performance and should be considered in building design for tropical climates.

3.4 Occupant Survey

Occupant feedback indicated that those residing in the corner rooms experienced the least discomfort, better air
circulation and air quality. On the other hand, interior and adiabatically enclosed rooms experienced more
discomfort due to inadequate airflow and poor air quality. Additionally, all room types faced discomfort because
of the humidity of air and the need of regular adjustments for ventilation to maintain comfort and control the
humidity. Residents on upper floors (second, third, and fourth) noted greater discomfort, regarding the
temperature, air quality, and humidity levels. The fourth floor showed the highest level of discomfort, most likely
the reason behind this is heat retention and insufficient airflow. As the floor level increased, the necessity for
ventilation adjustments and the frequency of overheating incident continued to rise.

4 Conclusion

This study provides valuable insights about how spatial context—particularly boundary exposure and room
arrangement—affects indoor thermal conditions in residential dormitory buildings of Bangladesh.
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The research uncovers significant thermal variations across identical room designs and highlights the relevance
of both horizontal and vertical positioning within the structure. Rooms with different boundary configurations,
including corner rooms, interior rooms, and adiabatically bounded rooms, show varying degrees of thermal
efficiency. The corner rooms are benefitted from enhanced air circulation while interior rooms maintain more
stable conditions. Again, rooms positioned on higher floors, especially which are more exposed to external
boundaries, show greater temperature fluctuations leading to thermal discomfort for the occupants. Again,

The study also highlights the vital role of occupant perception in understanding thermal comfort. While residents
on upper floors reporting increased discomfort because of temperature, humidity, and air quality challenges. The
combination of collected thermal data and occupant experiences reveals the necessity of a comprehensive
approach in building design considering both environmental factors and human factors.

In conclusion, this study recommends for a design approach that is responsive to the context, considering spatial
organizations and boundary conditions to improve thermal comfort. The findings suggests that design solutions
should provide enhanced ventilation with thoughtful window placement, and passive cooling strategies. This can
mitigate thermal discomfort, particularly in higher-floor rooms. Moreover, the results highlight the importance of
context-sensitive dormitory design that prioritizes spatial arrangement over repetitive room layouts, thereby
fostering a more comfortable and sustainable living environment.
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