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Abstrak. Penelitian ini mengkaji hubungan antara desain kerangka arsitektur dan
struktural pada gedung-gedung tinggi yang dibangun di Surabaya dari tahun 1995 hingga
2024. Metode deskriptif dan eksploratif digunakan, dengan meneliti 83 gedung tinggi yang
berfokus pada fungsi, gaya arsitektur, elemen struktural, dan material yang digunakan
untuk tampilan eksternalnya. Informasi dikelompokkan berdasarkan waktu pembangunan
dan fitur utamanya, yang dikumpulkan dari berbagai bahan tertulis dan koleksi informasi
daring. Studi ini mengungkapkan bahwa bangunan multifungsi merupakan jenis konstruksi
vertikal yang paling umum di Surabaya. Bentuk bangunan yang paling sering ditemui
adalah bentuk setback. Beton ditemukan sebagai material utama yang digunakan untuk
struktur karena daya tahan dan efektivitasnya, sementara desain eksterior biasanya
menggunakan campuran dua atau tiga material, seperti dinding kaca, panel komposit, dan
dinding beton, untuk mencapai daya tarik estetika dan kinerja yang baik. Perbandingan
visual dilakukan untuk mengidentifikasi pola desain umum dan pengaturan tipikal, tanpa
mencoba membuktikan kausalitas langsung atau signifikansi statistik. Melalui temuan
penelitian, pemahaman umum tentang berbagai jenis gedung tinggi dan perkembangan
teknologi terkini di Surabaya dikembangkan, yang berfungsi sebagai titik awal bagi
arsitek, insinyur, dan pihak terkait untuk menciptakan desain gedung tinggi yang efektif
dan berkelanjutan yang mengatasi keterbatasan ketersediaan lahan perkotaan.

Kata Kunci : bangunan tinggi, sistem struktur, bentuk arsitektur, material fasad, tipologi

Abstract. This research delves into the connections noticed between the design of
architectural and structural frameworks in tall buildings constructed in Surabaya from 1995
to 2024. A descriptive and exploratory method was used, examining 83 tall buildings
focusing on their use, architecture style, structural elements, and the materials used for their
external appearance. Information was grouped by when they were built and their main
features, gathered from different written materials and online collections of information.
This study revealed that multifunctional buildings are the most common type of vertical
construction in Surabaya. The most frequently encountered building form is the setback
form. Concrete was found to be the primary material used for the structure due to its
durability and effectiveness, while exterior designs typically utilize a mix of two or three
materials, such as glass walls, composite panels, and concrete walls, to achieve aesthetic
appeal and good performance. Visual comparisons were conducted to identify common
design patterns and typical arrangements, without attempting to prove direct causality or
statistical significance. Through the research findings, a general understanding of various
types of high-rise buildings and current technological developments in Surabaya is
developed, which serves as a starting point for architects, engineers, and related parties to
create effective and sustainable high-rise building designs that address the limitations of
urban land availability.
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1. Introduction

In the 21st century, the construction of high-rise buildings has become a symbol of economy,
technology, and transformation as well as identity for a country (Praditya, 2024). The rapid pace of
urbanization has increased the need for residential space, offices, and public facilities in urban areas.
As horizontal land is limited, vertical development becomes an efficient and sustainable strategic
solution. By 2025, Indonesia ranks 9th in the world and 2nd in Southeast Asia in the number of tall
buildings (Maulana, 2024), with hundreds of tall buildings that serve as both landmarks and symbols
of the city's growth. Tall buildings not only reflect technological innovation and construction
progress, but are also an important part of achieving the Sustainable Development Goals (SDGs),
particularly SDG 9 Industry, Innovation and Infrastructure and SDG 11 Sustainable Cities and
Settlements (Al-Kodmany, 2022).

Surabaya, as the second largest metropolitan city in Indonesia, is also experiencing a surge in
vertical development, fueled by economic growth and increasing space requirements (BPS Surabaya,
2024). Since 1995, various high-rise buildings have sprung up such as Adhiwangsa Tower, reflecting
the technological advancements and vertical residential trends in the city (Victor, 2015). However,
until now there are not many systematic studies that discuss the evolution of high-rise buildings in
Surabaya comprehensively, both in terms of function, structural form and material. This study aims
to provide an overview of the development of high rise typologies in Surabaya during the period
1995 - 2025, analyze design trends and construction technology, and classify high rise buildings
based on their main characteristics. The results of this study are expected to be a reference for
planners, developers and stakeholders in designing efficient, inclusive and sustainable vertical
solutions.

High-rise buildings are defined by various criteria, such as a minimum height of 50 m or 20
floors equipped with a vertical circulation system that supports movement between floors (Craighead,
2009). Tall buildings also focus on verticality, standing out from the built environment and pushing
the boundaries of functional and spatial efficiency (Swenson & Chang, 2024). While the Council on
Tall Building and Urban Habitat or better known as CTBUH classifies tall buildings into 3, namely
tall buildings which are tall buildings of more than 50 meters, which require technological assistance
in their implementation system and are not too conspicuous like skyscrapers, supertall buildings are
buildings with a height of more than 300 meters which have always been an architectural icon for
big cities, and megatall buildings which have a height of more than 600 meters and are often
considered as extraordinary skyscrapers.

Tall buildings began in Chicago with the Home Insurance Building in 1885 which used steel
frames as the main structure, to address the need for space efficiency due to urbanization and
industrialization (Heba & et al., 2023). The concept of verticality at that time was used to support
office space and reflect technological advances, in contrast to previous tall structures, such as
pyramids that only served as monuments (Bates & Sergison, 2014). The development of tall buildings
also began in Indonesia, in 1960 with Hotel Indonesia and Wisma Nusantara in 1972 in Jakarta, and
now the tallest building in Jakarta is BNI 46 with a height of 262m and 51 floors (Aini, 2021). This
growth was also followed by other cities such as Surabaya due to the need for space and the
development of construction technology (Victor, 2015).

In some countries, high-rise buildings have a variety of shapes and characteristics, with a
minimum height of 50 m with 20 floors, with a floor area of 750 m? to 1500 m? (Szolomicki &
Szolomicka, 2019). Several studies have shown that tall buildings are designed to overcome land
limitations with vertical structures that are stable against wind and earthquakes, supported by
aerodynamic systems (Al-Kodmany, 2015). Building designs generally tend to be typical, with
structures that go straight up, and variations in shape according to needs (Eticon, 2021). In
construction, it is generally costly especially to ensure safety through fire-resistant materials, optimal
evacuation routes and detailed design analysis to meet safety standards (Craighead, 2009). Tall
buildings are designed with distinctive characteristics that reflect the need for land efficiency or
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stability, as well as showing the development of architecture, so that a development can be created
with a typology based on certain characteristics. Thus, typology goes beyond merely grouping
buildings; it also functions as a means to analyze how basic building elements have evolved,
especially in architectural studies (Dharmatanna, 2024).

While previous studies on tall buildings have largely focused on structural performance, iconic
skyscrapers, or case based analyses in global cities, there is a lack of descriptive and comparative
studies that map the observable integration between architectural form, structure material, and facade
materials in Indonesian secondary metropolitan cities such as Surabaya. This study addresses this
gap by providing a baseline typological overview based on multiple parameters across a broad sample
of buildings. Surabaya was selected as a case study due to its position as Indonesia’s second largest
metropolitan city, its rapid vertical development since the mid 1990s, and its role as a regional
economic and urban growth center outside Jakarta.

2. Methodology

The study is a continuation of a previous study that explored the relationship between building
height dan function, classification based on the relationship between high and shape, height and
structural material, as well as height and exterior facade material (Kartowidjojo & Dharmatanna,
2025). Based on the information acquired, the current research uses a descriptive quantitative method.
It collects data from 83 tall structures located in Surabaya, analyzing the architectural traits that are
accessible. The emphasis is placed on comparatively mapping the noticeable architectural aspects of
tall buildings in Surabaya. The main data was sourced from journals, books, publications, theses, and
other online sources. This was done to add to data absent from the CTBUH website
(https://www.ctbuh.org/), which generally only has information such as location, height, usage, and
structural materials (Effendi et al., 2021). Structures that lacked sufficient information were not
included in subsequent analyses, and the compiled data was arranged into a categorization chart,
incorporating frequently observed characteristics such as the building's vertical dimension, quantity
of stories, intended use, composition of the structural framework, and external surface elements.

Jumlah Lantai

Figure 1. High-rise Building Development Result Chart by Number of Storeys
Source: Author, 2024

To delve deeper into the interconnectedness of design elements, comparisons were conducted
and presented visually as bar graphs, examining relationships like purpose against shape, purpose
against structural composition, purpose against external surface, shape against structural
composition, shape against external surface, and structural composition against external surface. This
analytical methodology is geared toward creating initial recommendations for designers and
construction professionals, while also determining the degree to which vertical development in
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Surabaya can optimize land utilization. The vertical reach of the subject structures spans from 70 to
300 meters, encompassing anywhere from 20 to 55 stories. The distribution of building numbers
based on height is as follows: 18 structures ranging from 75 to 100 meters, 36 structures ranging from
101 to 150 meters, 16 structures ranging from 151 to 200 meters, 7 structures ranging from 201 to
250 meters, and 6 structures ranging from 251 to 300 meters. A graphical depiction illustrating the
height distribution alongside the story count is provided in Figure 1. As the study relies on secondary
data sources, limitations related to data completeness and potential bias in building representations
may occur. Buildings with insufficient publicly available information were excluded, which may
affect the comprehensiveness of certain categories.

3. Results & Discussion

3.1 Analysis of High Rise Architecture Development in Surabaya Based on Relationship
Between Building Functions and Building Forms

The Figure 2 illustrates that high rises in Surabaya are dominantly mixed use with 44.7% in
tied across height form, 29.8% in setback form, 19.1% in combination form, 4.3% in discrete
clustered form and 2.1% in prismatic form. Another function that is also quite common in Surabaya
is residential apartment or condominium with a dominant 45% setback form, 35% prismatic form,
10% tied across height form, 5% discrete clustered form, and 5% combination form.
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Figure 2. Diagram of the Relationship between Function and Building Form
Source: Author, 2024

3.2 Analysis of the Development of High Rise Architecture in Surabaya Based on the
Relationship between Building Functions and Building Structural Materials

Figure 3 illustrates that high rises in Surabaya predominantly function as mixed use with
structural materials generally using concrete at 87.2% and some using composites at 12.8%. Other
functions such as apartments also use 90% concrete and the remaining 10% use composites. As for
the office and hotel functions, it can be said that they are still fairly average with not too many
buildings.
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Figure 3. Diagram of Relationship Results Between Function and Building Structure Materials
Source: Author, 2024

3.3 Analysis of High Rise Architecture Development in Surabaya Based on Relationship
Between Building Functions and Building Outer Facade Material
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Figure 4. Diagram of Relationship Results Between Functions and Materials of the Building's Outer Facade
Source: Author, 2024
Figure 4 shows the dominant function of mix use with 55.3% using a combination of 2 types
of materials ranging between curtain walls and composite panels, 27.7% using a combination of 3
types of materials, 10.6% using 1 type of material generally only in the form of concrete walls, and
6.4% using a combination of 4 types of materials. As for the apartment function, 45% use a
combination of 2 types of materials, 45% a combination of 3 types of materials and the remaining
10% still use 1 type of material. For the hotel function, 55.6% chose to use a combination of 2 types
of materials and the remaining 44.4% used a combination of 1 type of material or a combination of
4 types of materials. Similarly, 57.1% of offices choose to use a combination of 2 types of materials,
28.6% use 1 type of material, generally a full curtain wall as additional natural lighting, and the
remaining 14.3% use a combination of 3 types of materials.
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3.4 Analysis of the Development of High Rise Architecture in Surabaya Based on the
Relationship Between Building Form and Building Structure Material

Figure 5 illustrates that the two most widely applied forms in Surabaya City are setback form
with 76.9% using concrete and 23.1% using composite structures, and tied across height form with
96.7% using concrete and 4.3% using composite materials. Two other building forms that are also
commonly found are prismatic form with 80% using concrete, 20% composite, and combination
form with 72.7% also using concrete, the remaining 27.3% using composite materials.
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Figure 5. Diagram of the Relationship between Form and Materials of Building Structures
Source: Author, 2024

3.5 Analysis of the Development of High Rise Architecture in Surabaya Based on the
Relationship Between Building Forms and Building Outer Facade Materials
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Figure 6. Diagram of the Relationship between Form and Material of the Building's Outer Facade
Source: Author, 2024
Figure 6 illustrates that the two most applied forms in Surabaya City are the setback form which
is dominant at 57.7% using a combination of 2 types of materials, and the tied across height form
with 56.5% also using a combination of 2 types of materials. In some other forms, the use of a
combination of 2 types of materials is still very dominant with 46.7% in the prismatic form and 54.5%
in the combination form.
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3.6 Analysis of the Development of High Rise Architecture in Surabaya Based on the
Relationship Between Building Structure Material and Building Outer Facade Material
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Figure 7. Diagram of Relationship Results Between Structural Materials and Building Outer Facade Materials
Source: Author, 2024

Figure 7 illustrates that the two most commonly used materials for structures are concrete and
composite materials. As shown in the diagram above, 53.7% combine concrete structural materials
with facade materials using a combination of 2 types of materials, 29.9% with a combination of 3
types of materials, 11.9% with a combination of 1 type of material and 4.5% with a combination of
4 types of materials. As for materials with composite structures, 50% use a combination of 2 types of
materials, 18.8% use a combination of 3 types of materials, 18.8% use a combination of 1 type of
material and the remaining 12.5% with a combination of 4 types of materials.

The observed dominance of mixed use typologies and compact vertical forms aligns with SDG
11 (Sustainable Cities and Communities) by promoting land use efficiency and functional integration
in dense urban contexts. Additionally, the prevalence of concrete structural system and modular
facade combinations reflects ongoing efforts related to SDG 9 (Industry, Innovation, and
Infrastructure), particularly in terms of construction efficiency and technological standardization.
However, as this study focuses on observable design characteristics, further research is required to
assess environmental performance and sustainability outcomes in greater depth.

4. Conclusion

The results indicate that high rise development in Surabaya is predominantly characterized by
mixed use functions, with setback and tied across height forms emerging as the most frequently
observed architectural typologies. Concrete remains the primary structural material due to its capacity
to resist vertical and lateral loads efficiently. In terms of facade design, the prevalent use of combined
material systems particularly curtain walls and composite panels suggest an emphasis on balancing
aesthetic expression and building performance. Rather than establishing causal relationships, this study
highlights recurring tendencies and consistent configurations across architectural form, function,
structural systems and facade material. As a descriptive and exploratory overview, the findings
contribute to an improved understanding of the evolving typologies and technological tendencies of tall
buildings in Surabaya. This research may serve as a baseline reference for architects and engineers and
provide a foundation for future, more in depth analytical or performance based studies on high rise
development in Indonesian urban context.
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