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Abstract

This review paper underscores the significant impact of aspect ratio—a fundamental mathematical concept—on
building performance and occupant well-being. As a key geometric parameter, aspect ratio affects daylight
distribution, thermal energy transfer, ventilation, seismic response, and wind loads. Optimizing aspect ratio
enhances energy efficiency, structural stability, and indoor comfort. Additionally, spatial proportions shaped by
aspect ratio impact physiological stress, reinforcing its role in human-centered, sustainable design.
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1. Introduction:

Mathematics has long been an essential foundation in the field of architecture, shaping both its structural logic
and aesthetic expression. Across centuries, mathematical concepts like geometry, symmetry, proportion, and
scale have consistently guided the arrangement of space, ensured structural integrity, and contributed to the
aesthetic coherence of architectural forms. In addition to its historical significance, mathematics is integral to
resolving the technical challenges inherent in contemporary architectural practice, particularly in areas such as
structural computation, efficient material utilization, and the modeling of environmental performance. This
paper explores the role of aspect ratio for effective architectural design. Aspect ratio, a seemingly simple
mathematical idea, has complex and far-reaching effects in the built environment. The basic mathematical ratio
known as aspect ratio may appear simple, but it is essential for optimizing design outcomes in architecture.

In architectural design, the ratio of length to width (L: W) is a fundamental aspect that significantly influences a
building's aesthetics, functionality, and structural integrity.

2. Basic Concepts:

2.1 Horizontal Aspect Ratio (L/W):- Horizontal aspect ratio is defined as the ratio of a building's
length (L) to its base width (W). It is also known as plan ratio.

Plan aspect ratio = %

JETIR2506705 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ h27


http://www.jetir.org/

© 2025 JETIR June 2025, Volume 12, Issue 6 www.jetir.org (ISSN-2349-5162)

2.2 Vertical Aspect Ratio (H/W):- Vertical aspect ratio is defined as the ratio of building’s height (H) to
its base width (W). It is also known as slenderness ratio.

Vertical aspect ratio = %

2.3 Street (Canyon) Aspect Ratio:- Street aspect ratio is defined as the ratio of building height (H) to
street width (W) .

Street aspect ratio = ”

3. Key Benefits of Aspect Ratio:

Aspect ratio, as a mathematically derived proportion, offers multifaceted benefits.

3.1 Daylight:

Incorporating daylight in buildings is important for enhancing occupant well-being. Integrating daylight into
building design helps decrease energy use [5] and can ease the burden on cooling systems, especially during
peak hours [6]. Proper integration of daylighting reduces dependency on artificial lighting and contributes to
lower overall energy demands in buildings [10]. Moreover, daylight is the most appropriate and natural lighting
that aligns with human visual needs [15]. It brings a sense of life and aesthetic charm to indoor environments.
The presence of natural daylight in workspaces has also been positively correlated with enhanced occupant
productivity [19]. The aspect ratio, ranging from 1.1:1 to 1:2.04, plays a critical role in achieving optimal day
lighting performance in office buildings equipped with horizontal light pipe (HLP) and shading systems [4]. A
moderate level of natural day light, averaging between 2% to 5% has achieved within the office interiors which
is ideal for spaces where visual tasks are common. Moreover, a useful day light illuminance (UDI) range of 83
— 95 % has been attained, reflecting effective daylight availability throughout the occupied hours [4]. Designing
an atrium with precise geometric proportions—particularly optimized aspect ratios—is crucial for maximizing
daylight in adjacent office spaces. An atrium with a plan aspect ratio of 1:3, a section aspect ratio of 1:1, and a
clerestory-to-height ratio of 3:8 offers the most effective configuration for natural light distribution [18].

3.2 Thermal Energy:

Thermal energy is the heat moving in, out or around a building. It has a direct impact on the performance,
comfort, and sustainability of buildings. Thermal energy transfer primarily takes place across the building’s
exterior surfaces. The total area exposed to this heat exchange is directly influenced by the building’s
dimensions, particularly its aspect ratio. The aspect ratio of a building significantly influences the extent of its
exterior surface area through which heat is exchanged with the surrounding environment. A reduced surface
area leads to lower rates of thermal transfer [2]. Variations in aspect ratio produce different external surface
areas, even when the internal floor area remains constant. For example, we consider two structures with
different dimensions. First with length(x) 20 m, width(y) 20 m, height(z) 3 m and second one with length(x) 25
m, width(y) 16 m, height(z) 3m.

Then, wall surface area=2xz+2yz

Floorarea=xy

. L th
Aspect Ratio = g
Width

For 1%t Wall surface area = 2 (20) (3) + 2 (20) (3) = 120 + 120 = 240 m?
Floor area = 20 (20) = 400 m?

Aspect Ratio = 2=lz-11
20 1

For 2":  Wall surface area = 2 (25) (3) + 2 (16) (3) = 150 + 96 = 246 m?
Floor area = 25 (16) = 400 m?
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Aspect Ratio = E =1.56:1
Therefore, although floor area is same in both structures, but wall surface area is higher in 2" one because of
aspect ratio. Therefore, thermal transfer will be more in 2" one. Consequently, designs with higher surface area
demand will experience greater heat exchange. Among various geometric configurations, a 1:1 aspect ratio is
most effective in minimizing external surface area, which in turn results in reduced thermal energy transfer [2].
Accelerated urbanization amplifies the urban heat island (UHI) phenomenon by decreasing vegetation coverage
and compromising thermal comfort. Consequently, the dependency on air conditioning systems rises, leading to
increased energy consumption in buildings and elevated carbon emissions.
Thermal and environmental performance in cold zones is highly sensitive to street aspect ratio. Streets
configured with an H/W of 0.9 perform best for summer comfort, while a reduced H/W of 0.3 significantly
lowers winter carbon emissions. These ratios, when paired with strategic orientation and vegetation, offer a
foundation for sustainable urban form development [12].

3.3 Ventilation:

The orientation of a building with respect to prevailing wind directions exerts a substantial influence on both
external and internal wind speeds. When the spacing between buildings is limited, especially in dense urban
environments, surrounding structures significantly hinder wind flow [7]. Importantly, wind speed tends to
increase with building height, regardless of wind direction or external obstructions. Therefore, an integrated
design approach that optimizes aspect ratio, spatial orientation, height and fenestration layout is essential to
achieve energy-efficient and thermally comfortable indoor environments, particularly in densely built urban
contexts. Furthermore, optimizing the proportion between the length and width, the height and width of
courtyard areas has been shown to substantially enhance airflow and promote more effective natural ventilation
within building interiors [11].

3.4 Indoor Air Quality:

Indoor Air Quality (IAQ) is a crucial factor influencing health within built environments. Effective ventilation
is essential for ensuring occupant comfort and facilitating the removal of indoor pollutants. In kitchens, the heat
and emissions produced during cooking must be properly expelled to maintain acceptable 1AQ levels and
achieve thermal comfort. Although the implementation of cross-ventilation at the occupant level and the use of
localized exhaust systems—such as chimneys—effectively diminish the Local Mean Age (LMA) of air,
architectural geometries marked by increased slenderness ratios and reduced aspect ratios demonstrate a more
pronounced impact in facilitating efficient air exchange and minimizing indoor air stagnation [8].

3.5 Solar heat during winter and shading in summer:

Buildings with a more efficient aspect ratio can reduce energy use by more than

15% compared to those with less favorable ratios, such as 4.2:1 [3]. An optimal aspect ratio enables greater
solar heat gain during winter and improved shading in summer, thereby lowering heating and cooling demands.
It also helps reduce peak energy loads, significantly affecting both capital investment and operating expenses.
Although various factors shape building geometry, aspect ratio plays a crucial role. Integrating optimal aspect
ratios into design standards can greatly influence long-term building energy efficiency [3].

3.6 Seismic Response:

In multi-storeyed buildings, the seismic response of a building is highly dependent on its shape, size, and
geometric configuration. Earthquake-resistant design requires buildings to possess adequate strength, stiffness,
and ductility to withstand seismic forces. These characteristics are generally achieved through the selection of
an appropriate structural configuration and meticulous detailing of structural components. The two critical
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geometrical parameters, the vertical aspect ratio %and the horizontal or plan aspect ratio % plays a vital role

in seismic performance of a building [1]. Here H represents the overall height of the building, W indicates
width and L refers to the building’s length. Moreover, all seismic response parameters like storey displacement,
base shear, the modal period of vibration, storey overturning moment etc increase with higher horizontal aspect
ratio and with higher vertical aspect ratio [1]. Furthermore, comparing square and rectangular configurations, it
is evident that square configurations exhibit superior seismic performance. These configurations demonstrate
lower values across all critical seismic parameters. In contrast, narrow-shaped layouts with long diaphragms
tend to amplify seismic responses and are therefore not recommended. To enhance structural stability under
seismic loading, building configurations should maintain an adequate base width and avoid excessive
elongation in plan [1].

3.7 Wind-induced Loads:

In super-tall buildings, the plan aspect ratio—defined as the ratio of depth (aligned with wind flow) to width

(perpendicular to wind)—is a key determinant in the distribution of wind-induced loads. For aspect ratios =
depth
width
forces. However, once the aspect ratio exceeds 1.0 across-wind equivalent static wind loads (ESWL) become

dominant, reflecting a shift in aerodynamic behavior due to geometric configuration [9]. Moreover, as the
height-to-width aspect ratio becomes larger, there is a corresponding increase in across-wind forces. This effect
becomes particularly pronounced once the ratio surpasses a value of eight, leading to a sharp amplification of
across-wind loads. For improved wind load performance, design strategies should prioritize non-square floor
plans and limit the height-to-width aspect ratio to less than eight [9].

up to 0.75 i.e. depth of building is less than width, buildings are primarily influenced by along-wind

3.8 Physiological Stress:

Architectural form has the potential to affect physiological stress levels, which are linked to increased risk for a
range of diseases, including cardiovascular, renal, hepatic, autoimmune, and neurodegenerative conditions. In
industrialized countries, people typically spend more than 90% of their lives within indoor environments [16].
In certain regions, like the United Kingdom, the proportion of time individuals spend indoors rises to an
average of 95.6% [16]. In Europe, high-risk groups such as the elderly, individuals with weakened immune
systems, and young children may experience full-time indoor exposure [13]. As engagement with indoor and
constructed environments becomes a defining aspect of modern life, it is crucial to systematically evaluate the
physiological implications of architectural form and spatial arrangement. The psychological effects of spatial
configurations were examined by comparing narrow rooms (2 m x 4 m x 4 m) with wider ones (6 m x 4 m x 4
m) [17]. Architectural features such as aspect ratio paired with spatial proportion, enclosure, and curvature can
influence how people feel physically, with some designs helping to reduce stress and others possibly increasing
it [14].

3.9 Well-being of occupants:

A substantial body of research has explored the connections between indoor environments and occupant well-
being using various methodologies. Much of this work links well-being to Indoor Environmental Quality (IEQ),
with a focus on key comfort parameters such as thermal, visual, and acoustic comfort, as well as air quality [20-
22]. These comfort factors have been shown to significantly influence health, overall well-being, and functional
performance. Consequently, the aspect ratio, through its influence on thermal conditions, natural lighting,
ventilation and structural stability, plays an indirect role in supporting occupant well-being.
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Conclusion:

The strategic use of aspect ratio enables architects to align design aesthetics with sustainability goals,
structural resilience, and human-centered priorities, reinforcing its importance in both theoretical and practical
aspects of architectural design. The insights presented in this paper will serve as a valuable resource for
researchers, designers, engineers, and architects. Scholars can further explore more key benefits of
mathematical principle aspect ratio in architectural design.
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