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Abstract

Purpose – Supertall towers (300 mþ) offer a viable solution to the increasing demand for housing and
commercial space caused by rapid urban growth, migration from rural to urban areas and economic expansion
in Asia. In this particular context, the efficient utilization of space becomes a crucial factor in the design process
for Asian skyscrapers as they seek to address the changing socioeconomic landscape. This study will provide
valuable guidance, especially to architectural and structural designers in the pursuit of sustainable
development for Asian skyscrapers by analyzing space efficiency.
Design/methodology/approach –Themethodology employed in this paper involved a case study approach
to gather data on 75 Asian supertall towers in order to examine space efficiency.
Findings –Findings of the research can be summarizedas follows: (1) the average space efficiency of these towers
was 67.5%, ranging from aminimum of 55% to a maximum of 82%; (2) the average proportion of the core area to
the gross floor area (GFA)was 29.5%,withvalues ranging from14%to 38%; (3) themajority ofAsian skyscrapers
exhibited a tapered form and adopted a central core typology, which catered to mixed-use and office purposes; (4)
the most frequently utilized structural system was a combination of composite and outriggered frames; (5) space
efficiency tended to decrease as the height of the tower increased; and (6) therewas no noteworthy difference in the
impact of various load-bearing systems and building forms on space efficiency.
Originality/value –There is a noticeable lack of extensive research into space efficiency in supertall towers in
Asia, which serves as a hub for skyscrapers. This study seeks to fill this substantial gap in the current scientific
literature.
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1. Introduction
In recent times, the proliferation of tall buildings has become the prevailing architectural form
in Asia and Middle Eastern nations, thanks to urban development and rapid economic
progress (Ilgın, 2022). Furthermore, there has been a significant increase in the height of tall
buildings in recent decades, leading to the introduction of a new category known as supertall
buildings (300 mþ) (Ilgın, 2023a). The development of skyscrapers continues to thrive,
particularly in Asia, on an unprecedented scale, establishing the region as one of the most
active hubs for skyscraper construction (Moon, 2015).

In the early 20th century, only a limited number of tall buildings, like the Bank of China in
Shanghai and the Hong Kong and Shanghai Bank in Hong Kong, were constructed in Asia
(Binder, 2001). The emergence of major Asian tall buildings occurred during the late 1960s
and early 1970s. Many of these towers followed the prevalent International Style, including
the Kasumigaseki Building of 1968 and the Shinjuku Mitsui Building of 1974 in Tokyo, and
the JardineHouse of 1973 inHongKong. Subsequently, there has been a steady increase in tall
building developments across Asian countries, especially in densely populated major cities.

Today, metropolises in Asia, including Hong Kong, Shenzhen and Shanghai, have become
prominent centers for skyscrapers globally (CTBUH, 2023). Among them, Chinese cities,
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in particular, hold a significant position on the list of cities with the highest number of
skyscrapers. This development can be attributed to China’s rapid economic growth over the
past few decades, resulting in accelerated urbanization and the construction of numerous
skyscrapers. The country has demonstrated a bold approach to urban planning and
development, leading to an impressive concentration of skyscrapers in its most dynamic
urban centers. Hong Kong stands out in particular, boasting an impressive count of more
than 650 tall buildings, including six supertalls. It undoubtedly leads the world in terms of
skyscrapers. Hong Kong’s unique urban landscape is characterized by its high urban density
and status as an international financial center. Iconic buildings such as the ICC Tower, Two
International Finance Centre and the Central Plaza have played a crucial role in shaping the
city’s distinctive vertical paradise.

The demand for residential and commercial spaces in Asian countries continues to pose
challenges due to rapid urban growth, significant rural–urban migration and remarkable
economic expansion, as observed in the rapid development of Chinese cities (Wang et al., 2020).
Unless alternative solutions are discovered to create efficient architectural spaces, the
construction of skyscrapers appears to be the inevitable solution for the future of these
countries (Al-Kodmany andAli, 2012). The issue of space efficiency becomes crucial, particularly
for supertall towers in Asia, as they strive to address socio-economic changes and provide
satisfactory architectural and engineering solutions. Space efficiency plays an important role in
meeting the value and investment cost of skyscrapers (Kim and Elnimeiri, 2004).

There is a significant dearth of comprehensive studies regarding the space utilization in
supertall buildings in Asia, particularly in regions renowned for their skyscrapers. This
research addresses this significant topic by conducting a detailed analysis of 75 case studies.
The primary focus of this study is to examine the key architectural and structural planning
parameters related to space efficiency. The paper presents critical analyses, which
encompass the building’s function, form, core typology, load-bearing system and material,
along with their interrelation with space efficiency. While sustainable planning
considerations, such as energy consumption, were not included due to insufficient data for
all towers, the research primarily concentrates on space efficiency. The findings of this study
are expected to guide the sustainable development of Asian skyscrapers, particularly within
the disciplines of architectural and structural design.

Based on the CTBUH database (CTBUH, 2023), in this research, buildings with a height of
14 storeys or 50meters are classified as “tall buildings,”while buildings exceeding 300meters
and 600 meters in height are categorized as “supertall buildings” or “skyscrapers” and
“megatall buildings”, respectively.

The subsequent sections were structured as follows: Initially, an extensive review of the
literature was performed. Subsequently, the research method was outlined, and the obtained
results were presented. Following that, a discussion section was provided, which delved into
the analysis and interpretation of the findings. Finally, a conclusionwas drawn, including the
practical implications, recommendations and limitations of the research.

2. Literature survey
Limited research exists in the literature that explores the concept of space efficiency in tall
and supertall buildings. Previous studies have predominantly focused on analyzing a small
number of tall buildings, with the exception of Ilgın’s studies (2021a, b, 2023a).

Kim and Elnimeiri (2004) examined space efficiency in 10 mixed-use tall towers,
emphasizing its significance in conjunction with structural and energy efficiency. They
highlighted the role of elevator optimization and functional distribution strategy in
increasing space efficiency and emphasized the importance of building form and load-bearing
systems to enhance space efficiency.
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Saari et al. (2006) analyzed the interrelationship between space efficiency and total
building cost in tall office buildings and found that increased space efficiency significantly
influenced achieving desired indoor climate comfort.

Sev and €Ozgen (2009) investigated spatial efficiency in ten tall office towers, considering
factors such as structural material, load-bearing system, and lease span. The results
highlighted the importance of core arrangement and load-bearing systems in space
efficiency. Core planning varied significantly based on occupant needs, and the central core
typology was the most favored.

Nam (2016) examined high-rise corner forms and lease spans in terms of space efficiency.
They found that square-cut corner forms had the most negative impact on space efficiency,
while lease span had a significant effect on space efficiency.

Arslan Kılınç (2019) utilized regression analysis to analyze factors influencing service core
and load-bearing systems in prismatic tall buildings. The study revealed that taller office towers
allocated larger areas to the structural systemandservice core. However, no significant scientific
relationship was found between space efficiency and construction material.

Suga (2021) focused specifically on space efficiency in hotel buildings. It was found that
designs prioritizing space efficiency positively impacted hotel projects, with particular
importance placed on the effective arrangement of common areas in relation to guest room size.

Hamid et al. (2022) conducted interviewswith architectural companies to investigate space
efficiency in 60 single-family dwellings in Sudan. Factors such as courtyard and plot
positioning, as well as vertical circulation components, were taken into account. The findings
revealed that corner positioning of the buildings provided the most effective land utilization,
while the optimum placement for vertical circulation elements was in the middle of building
edges. It was also observed that the highest space efficiency ratio was achieved when the plot
dimensions had a longer width than depth.

Okbaz and Sev (2023) developed a model to understand space efficiency in 11 freeform
office towers. Their analysis considered planning considerations such as the service core and
load-bearing elements. The results indicated that freeform designs exhibited lower space
efficiency compared to conical forms, while the floor–floor height had a negligible effect.

Tuure and Ilgın (2023) investigated the space efficiency of 55 mid-rise wooden apartments
in Finland. Their findings revealed that (a) space efficiency ranged between 78% and 88% on
average, with a mean of 83%, and (b) no discernible scientific correlation was identified
between the number of stories and space efficiency.

Ilgın (2021a) investigated space efficiency in 44 office skyscrapers, considering major
architectural and structural planning issues, while Ilgın (2021b) examined space efficiency in
27 residential skyscrapers, considering similar design parameters. Additionally, Ilgın (2023b)
explored space efficiency in 64 towers with mixed-use functions. The collective findings from
Ilgın’s studies indicated that a central core typology was the most favored, outriggered frame
systems were commonly employed as load-bearing systems, and there was an inversely
proportional relationship between space efficiency and building height.

As indicated by the literature review outlined above, there is a scarcity of research
examining the space efficiency in tall and supertall buildings. Existing studies primarily
focus on functional aspects [e.g. Ilgın (2021a, 2023a)] and/or architectural design [e.g. Okbaz
and Sev (2023)] of these towers. There is a noticeable gap in the literature when it comes to
comprehensive research on space efficiency in skyscrapers located in Asia, which is home to
the largest number and tallest towers in the world. The objective of this research initiative is
to fill this substantial gap within the current academic literature.

3. Research method
The methodology employed in this study involved a case study approach to gather data on
Asian supertall towers in order to examine space efficiency. Thismethod is widely used in the
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assessment of built-environment projects, providing a means to collect both quantitative and
qualitative data (Tulonen et al., 2021; Saarinen et al., 2022; Rinne et al., 2022; Ilgın and
Karjalainen, 2023). A total of 75 supertall cases from Asia were included in the analysis.
Detailed information on each case was provided in Appendix. The majority of these
buildings, approximately 90%, have been completed within the last two decades and include
notable skyscrapers such as the Shanghai Tower and Ping An Finance Center. Supertall
towers lacking sufficient and accessible information on space efficiency or floor plans were
excluded from the case study samples.

The author demonstratedmeticulous effort in examining the floor plans of supertall towers in
Asia, including typical, low-rise or ground floors. This thorough approach enabled the collection
of reliable data for evaluating space efficiency in 75 supertall towers. Furthermore, in
consideration of the existing literature (e.g. Ilgın, 2006; Gunel and Ilgın, 2007; Taranath, 2016; Ali
and Moon, 2018; Ali and Al-Kodmany 2022), the author utilized Ilgın’s (2023b) comprehensive
categories for key architectural and structural planning considerations. This decision wasmade
based on the categories’ comprehensive nature, as depicted in Figure 1.

Space efficiency refers to the ratio of the net floor area (NFA) to gross floor area (GFA). This
aspect is particularly crucial for investors as it involves maximizing the useable space within
floor plans to achieve the highest possible returns. The level of space efficiency is primarily
influenced by factors such as the load-bearing system, the form of the building, as well as the
configuration of the floor slabs (Ilgın, 2023a). Additionally, the concept of space efficiency is
significant in determining the lease span, which represents the distance between fixed internal
elements like service core walls and the building envelope like windows (Ilgın et al., 2023).

4. Findings
4.1 Main architectural design considerations: function, core typology and building form
In terms of building function, the case study sample exhibited a predominant presence of
mixed-use developments, accounting for over 55% of the sample. Office use followed with a
percentage of 38%, as illustrated in Figure 2. The high proportion of mixed-use towers can be
attributed to the vertical communities approach, which offers solutions to accommodate
population growth and mitigate urban sprawl. The preference for mixed-use function has
further increased, particularly during market fluctuations, as it allows for higher rental
profits and diversification of the customer base (Ilgın, 2023a). Conversely, the demand for

Figure 1.
Core, structural system
and material
classifications
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office towers may be attributed to the tendency for commercial activity areas to be clustered
closely together, driven by the process of urbanization in Asia (Gunel and Ilgın, 2014a).

With the exception of HankingCenter Tower, which features an external core, themajority of
supertall towers in Asia follow a consistent central core strategy. The preference for a central
core can be attributed to several factors, including its compact structure, substantial
contribution to the overall structural system and its ability to facilitate efficient fire escape
scenarios (Ilgın et al., 2021). The limited popularity of the external core type may be due to the
extension of circulation distances and the resulting longer fire escape routes (Ilgın, 2018).

According to Figure 3, tapered forms were the most commonly used design approach in
the 27 analyzed skyscrapers, accounting for 36% of the cases. This was followed by free
forms, which represented 27% of the sample. The preference for tapered forms in Asian
skyscraper projects, as seen in Suzhou Zhongnan Center, could be attributed to their
favorable aerodynamic properties, considering the significance of wind-induced lateral loads
as a critical factor in the structural design of skyscrapers (Gunel and Ilgın, 2014b). Similarly,
the utilization of free formsmay have gained popularity due to their aerodynamic superiority
and the tendency of skyscraper architects to create iconic structures.

4.2 Main structural design considerations: structural system and structural material
Figure 4 illustrates that outriggered frame systems were the most frequently utilized
structural system in Asian skyscrapers, accounting for over 75% of the cases. Tube systems
were the second most prevalent, representing 17% of the sample. The outriggered frame
system is favored due to its ability to offer relative flexibility in the placement of outer
columns, thereby providing architects with more design freedom for the building envelope.
Additionally, its suitability for achieving great heights in skyscraper construction
contributes to its popularity (Ilgın, 2023c, 2023d).

Figure 5 demonstrates that composite construction was the dominant choice in the case
studies, accounting for 79% of the sample. Reinforced concrete was the second most
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Source(s): Figure by author

Office

Mixed-use

36%

27%

23%

13% Tapered

Free

Prisma c

Setback

Twisted

Source(s): Figure by author

Figure 2.
Asian supertall towers
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prevalent, comprising 18%of the cases. The prevalent use of composite construction inAsian
supertall towers can be attributed to the advantageous combination of steel’s tensile strength
and concrete’s compressive strength, as well as the fire resistance properties of concrete.

4.3 Space efficiency and interrelations with main design criteria
The threshold ratio for space efficiency in tall towers can be considered as 75% (Yeang, 2000).
In Ilgın’s (2021a) study on tall office towers, the average space efficiency and core over GFA
ratio were found to be 71% and 26%, respectively. The lowest recorded values were 63% for
space efficiency and 15% for core over GFA, while the highest values were 82% and 36%,
respectively. In the research conducted by Ilgın (2021b) on residential towers, the average
space efficiency and core over GFA ratio were 76% and 19%, respectively. The lowest
recorded values were 56% for space efficiency and 11% for core over GFA, while the highest
values were 84% and 36%, respectively. In Ilgın’s (2023b) article focusing on contemporary
mixed-use supertall buildings, the average space efficiency and core over GFA ratio were
71% and 26%, respectively. The lowest recorded values were 55% for space efficiency and
16% for core over GFA, while the highest values were 84% and 38%, respectively. In this
article, based on the analysis of 75 supertall towers in Asia, the average space efficiency and
core over GFA ratio were determined as 67.5% and 29.5%, respectively. The lowest recorded
values were 55% for space efficiency and 14% for core over GFA, while the highest values
were 82% and 38%, respectively (refer to Appendix for more details).

76%

17%

Shear-frame Mega column & Mega core

Outriggered frame Tube

Bu ressed core
Source(s): Figure by author

18%

79%

Steel

RC

Composite

Source(s): Figure by author

Figure 4.
Asian supertall towers
by structural system

Figure 5.
Asian supertall towers
by structural material
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4.3.1 Interrelation of space efficiency and the height of the building. Figures 6a and b
illustrate the relationship between space efficiency and the height of Asian skyscrapers. In
these figures, the dots represent the Asian skyscrapers included in the case study. To
account for correlations, a polynomial regression approach was employed, as it provides a
more accurate R-square correlation coefficient compared to linear or exponential
approaches. It is worth noting that LCT The Sharp Landmark Tower, LCT The Sharp
Residential Tower A, and Tower B, which exhibit 56% space efficiency and 36% core to
GFA ratios, were identified as outliers. Figure 6b demonstrates how the presence of outliers
affects the regression line. As depicted by the trendline in Figure 6a, there is a tendency for
space efficiency to decrease with increasing height. Furthermore, when the outliers are
removed, the declining trend becomes more pronounced, as depicted in Figure 6b. This
decreasing trend can be attributed to the fact that as skyscrapers rise in height, the size of
the core and load-bearing elements increases, making it challenging to achieve high space
efficiency ratios, as highlighted by Ilgın (2021a, 2023b).

Figures 7a and b provide further insight into the ratio of core to GFA in relation to the
height of the tower, complementing the previous statement regarding the increasing
requirement for larger service cores as the tower height increases, as reported by Ilgın
(2021b). Similar to Figure 6b, the removal of outliers results in a more pronounced upward
trend, as depicted in Figure 7b.

4.3.2 Interrelation of space efficiency and building form.Figure 8 illustrates the distribution
of Asian supertall buildings by form, represented by the total number of buildings shown as
bars on the right axis. The space efficiency of these buildings for each respective building
form is depicted by blue dots, while the red dots on the graph indicate the tallest Asian
skyscraper having the respective building form. The black bar illustrates the number of
supertall buildings within the sample group employing the respective building form.

On average, prismatic and setback forms exhibited a space efficiency of 70%. Tapered
forms, whichwere themost preferred, had space efficiency ranging from 55% to 81%with an
average of 70% across 27 towers. A single tower with a twisted form achieved a space
efficiency of over 70%. Freeformed Asian towers had space efficiency ranging from 61% to
79% with an average of 69%. Therefore, considering above-average values, there was no
significant difference in the impact of various forms on space efficiency in Asian skyscrapers.

Figure 6.
The interrelationship

between space
efficiency and height:
(a) including outliers,
(b) excluding outliers
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4.3.3 Interrelation of space efficiency and structural system. Figure 9 displays the total number
of Asian skyscrapers, represented by bars on the right axis, categorized by their load-bearing
system. The space efficiency of these structures for each specific load-bearing system is
depicted by blue dots, while the red dots on the graph indicate the tallest Asian skyscraper
using the respective structural system. The black bar illustrates the number of supertall
buildings within the sample group employing the respective structural system.

Among the various load-bearing systems used in Asian skyscrapers, outriggered frame
systems were the most common, with 57 towers utilizing this system. These towers exhibited
a space efficiency ranging from 55% to 82%, with an average of 70%. On the other hand, the
shear-frame system, whichwas the least preferred load-bearing system and employed in only
one tower, achieved a space efficiency rate of 67%.Mega column andmega core systems and
buttressed core systems were also infrequently utilized, each with two towers. The space
efficiency of towers constructed with tube systems, totaling 13 towers, ranged from 61% to
82% with an average of 69%. Considering the aforementioned average values, it can be
concluded that the impact of different load-bearing systems on space efficiency in Asian
skyscrapers does not show significant variation.

Figure 7.
The interrelationship
between core over GFA
and height: (a)
including outliers, (b)
excluding outliers

Figure 8.
The interrelationship
between space
efficiency and
building form
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5. Discussion
The findings demonstrated both similarities and differences when compared to previous
studies, such as Oldfield and Doherty (2019) and Ilgın (2023b). The key findings of the
research can be summarized as follows:

(1) The average space efficiency of Asian skyscrapers was 67.5%, ranging from a
minimum of 55% to a maximum of 82%.

(2) The average core over GFA ratio was 29.5%, with values ranging from aminimum of
14% to a maximum of 38%.

(3) Tapered forms were the most common among Asian skyscrapers, and central core
typology was predominantly used for mixed-use and office purposes.

(4) The composite construction and outriggered frame system were the most frequently
employed structural systems.

(5) There was an inverse relationship observed between the height of the tower and its
space efficiency.

(6) The study found no considerable difference in the impact of different load-bearing
systems and building forms on space efficiency.

These findings provide valuable insights into the characteristics and trends of Asian
skyscrapers, shedding light on important aspects such as space efficiency, core design,
building form and structural systems.

Based on Yeang’s investigation (2000), which considers the 75% space efficiency
threshold for tall towers, Asian skyscrapers exhibit a deficiency in space efficiency,
averaging 67.5%. Similarly, the average space efficiencies (71%) reported by studies of Ilgın
(2021b, 2023b) on office andmixed-use skyscrapers were below the Yeang’s threshold. These
inadequacies can be largely attributed to the dimensions of service core area and structural
elements. The majority of Asian supertall buildings exhibited a preference for tapered forms,
which aligns with the findings of Ilgın (2023b) regarding supertall office towers. However,
Ilgın’s (2021b) study on supertall residential towers highlighted the popularity of prismatic
forms. The central core configuration emerged as the favored choice among the sampled
buildings, consistent with the findings of Oldfield and Doherty (2019) and Ilgın (2021a). These
Asian skyscrapers were primarily designed for mixed-use and office purposes, which

Figure 9.
The interrelationship

between space
efficiency and

structural system
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corroborates the results reported by Ilgın et al. (2021). Outriggered frame systems and
composite materials were widely employed as load-bearing systems and structural materials,
respectively, as indicated by the research conducted by Ilgın (2021a, 2023b). The papers by
Sev and €Ozgen (2009) and Arslan Kılınç (2019) demonstrated that space efficiency tends to
decrease with increasing building height due to the larger core space area and structural
system elements at greater heights. The results regarding the relationships between space
efficiency and structural systems, as well as space efficiency and building forms, align with
the findings of Ilgın (2021b, 2023b). These studies found no significant differences in the
impact of load-bearing systems on space efficiency, and similar results were obtained for
forms, consistent with the findings of this study.

6. Conclusion
The research focused on examining space efficiency in Asian skyscrapers using a sample of
75 case study towers, with a particular emphasis on key design parameters related to
architectural and structural considerations.

In the face of rapid urban expansion driven by economic growth, space efficiency has
gained increasing importance for supertall towers, as they play a noteworthy role in
improving the sustainability of Asian cities. In this sense, improving the space efficiency of
Asian skyscrapers, which are observed to be below certain recommended thresholds, is
crucial for ensuring the sustainability of these buildings. To achieve this goal, particular
attention should be given to optimizing the dimensions of the service core and, consequently,
circulation elements and structural systems/components. In this regard, structural designers
and service core planners, with the architectural designer taking on a coordinating and
leading role, play essential roles in the process. Their efforts are instrumental in enhancing
the overall space efficiency and sustainability of these skyscrapers. Maintaining a seamless
flow of information for every detail is imperative in this endeavor.

Despite being a demanding form for engineers in Asian towers, where wind loads can
become dominant in their structural design, tapered form is expected to remain extensively
utilized, primarily due to its aerodynamic benefits and adaptability for mixed-use purposes.
The combination of this form with the composite outrigger structural system and central
core, which offers numerous technical advantages, is projected to be a significant trend in
skyscraper construction in Asia.

The tall building history in Asia is relatively brief, but certain cities, such as Shanghai in
China, stand out as focal points for tall building development, drawing significant attention.
Successful tall buildings frequently result from international design collaborations that
incorporate the finest design practices from reputable tall building design firms. The
prevailing spirit of the times embraces tall buildings as the essential building type of the
present and future, leading to the creation of a superior environment for supertall structures
through meticulous and thoughtful design.

Future studies on space efficiency could be conducted in other regions, particularly the
Middle East, which serves as a hub for skyscrapers. The findings from such studies could be
compared to those from Asian skyscrapers, offering valuable insights to enhance space
efficiency and draw new lessons for improvement.

This paper is subject to certain limitations. The dataset analyzed in this study was
confined to 75 supertall towers inAsia, whichmay restrict the generalizability of the findings.
To enhance the robustness and encourage broader conclusions, future research could
consider expanding the sample size by including larger case study buildings. Additionally, it
is suggested that future studies encompass skyscrapers with heights below 300 meters and
generate an ample number of subgroups to provide a more comprehensive analysis.
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Appendix
Asian supertall buildings’ floor plan, space efficiency and core/GFA ratio
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