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1. Introduction

The façade of a tall building is not merely an external 

envelope; it is the building's most prominent feature and a 

vital component that communicates its identity, technological 

prowess, and architectural statement to the world. As urban 

skylines have evolved over the centuries, so too have the 

façade of tall buildings, reflecting broader shifts in 

architectural styles, engineering innovations, material 

technologies, and societal values. 

This paper investigates the nature of the façade from an 

architectural and technological point of view, coming a 

long way in transforming from the classical masonry 

exterior wall as an enclosure to present-day sustainable 

light cladding. While masonry and stone have been used in 

building construction for millennia, they were mainly used 

for their structural, load-bearing wall elements until the late 

19th century. The Great Chicago Fire of October 8-11, 1871 

devastated the city center and surrounding areas. However, 

although a tragic event in terms of life and properties, it 

was the prime mover for initiating a vast program of 

reconstruction and expansion of the area. This gave the 

architects immense opportunities and forced them to face 

the challenge of developing a new form and technique of 

buildings. This required innovations, including cladding 

materials that initially included brick and stone veneers, 

terra cotta, concrete panels, and the revolutionary invention 

of light glass curtain wall.

The cladding as a building’s envelope system is a non-

structural architectural element supported by the wall 

structure. It not only responds to the functional requirement 

of protecting the building from climate but also defines the 

architectural parameters of the space and embodies the 

aesthetic intentions of the designer (Vuyosevich, 1991). 

The visual and psychological impact created by the aesthetics 

of the façade on the observer also profoundly affects the 

architectural expression of the building. Although facade 

treatment for shorter buildings is not as necessary unless it 

is on the front or sides facing a street, for a tall building, 

because of its high all-around visibility, each elevation may 

be considered for façade treatment.

The organization of the façade, accounting for the 

functional requirements, such as windows, doors, solar 

protection, cornices, etc., essentially has to do with the 

creation of a balanced and harmonious object through good 

proportions, base, vertical and horizontal structuring, 

materials, color scheme, décor, and roof. Since the façade 

comprises separate elements, each of these must have an 
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expressive capability of its own. The façade's composition 

should be well-ordered with appropriate syntax to develop 

the whole language, while the elements should be individually 

recognizable. It must also relate to the proportional ordering 

systems as derivatives from the nearby buildings' height 

and the parking lots' available size stipulated by earlier 

property regulations. The materials used for façade 

profoundly influenced the aesthetic expression of tall 

buildings (Friblic et al., 2009; Kahsay et al., 2019; Hui et 

al., 2019).

2. Traditional Use of Masonry 

An early example of masonry construction can be found 

in the ancient city of Jericho in the present West Bank, 

which was built around 8000 BCE. The walls were made 

from large stones fitted together without mortar and were 

26 feet (8 meters) high in some locations. The homes were 

built using dried mud bricks. Subsequently, all building 

construction generally employed dried clay bricks. There 

were hardly any multistory buildings for business or 

habitation for a long time as the technological development 

to build taller buildings proceeded very slowly. The early 

tall buildings sprouted in the US following the Industrial 

Revolution that ended in 1840 in response to the rise of 

commerce and business, economic prosperity, and increasing 

land prices. With a few exceptions, all the buildings 

designed by the leading architects of Chicago and New 

York were practically load-bearing masonry construction. 

Reconstruction began following the Great Chicago Fire 

and progressed quickly for about 18 months. Masonry is an 

excellent fire-resistant material, and genuine fire-proof 

construction marked nearly every building constructed in 

the burned areas. Many building permits were granted, 

resulting in a flurry of construction activities from 1872 to 

1879. It was a vast program of reconstruction that offered 

the architects and engineers an excellent opportunity to 

reimagine the design means and methods of construction 

and compelled them to develop a new form and technique 

for the building. While masonry and stone have been 

employed in buildings for millennia, they were primarily 

used for their structural, load-bearing characteristics until 

the late 19th century. Load-bearing masonry walls customarily 

carried the weight of the buildings and their contents. Non-

load-bearing partition walls were built using masonry 

(Jiménez-Pacheco et al., 2021; Argenziano, 2021). 

2.1. Masonry Veneer 

The exterior load-bearing walls required non-structural 

lightweight, fireproof cladding materials, including stone 

veneers, terra cotta, and later, the revolutionary glass 

curtain wall in metal-framed construction, allowing entry 

of natural daylight into the building when masonry became 

the standard material of choice as cladding valued for its 

resistance to fire and aesthetic characteristics. 

Burnham and Root’s Rookery Building of 1886 in 

Chicago employs a rusticated stone base and granite 

columns. Brick-clad pilasters rise eight stories above the 

street, culminating in arched windows on the fifth and 

eighth floors. McKim, Mead, and White’s 1913 Municipal 

Building in New York exhibits a distinct tripartite organi-

zation consisting of a base, shaft, and top. The cladding is 

in granite and limestone. The modernists favored their 

buildings to appear sleek and abundantly glazed. Glass was 

extensively employed where opacity or translucency was 

required. Coupled with glass, masonry veneers provided 

texture and color to the façade (Muhit et al., 2019; Scheffler, 

2001). 

2.2. Terra Cotta

Terra cotta was developed mainly in England and 

Germany and was famous for its lightweight and fireproof 

properties. It is a clay-based, non-vitreous ceramic fired 

with relatively low heat. The incoming European immigrants 

introduced it in the US in the 19th century. English and 

German craftsmen found plentiful clay deposits along the 

river valleys of the Midwest appropriate for producing terra 

cotta tiles, pots, planters, and other decorative elements. 

Chicago architect Louis Sullivan excelled at terra cotta 

decor of the buildings he designed in spandrels, along the 

cornice, and at the base of the buildings. His most 

noteworthy success in tall building design using terra cotta 

was the 13-story tower Guaranty Building of 1896 in 

Buffalo, NY. Sullivan used terra cotta because of its 

malleability and ornamental quality. The treatment at the 

top is graceful, too, with the lush embellishment appearing 

to grow out of the arches that top the vertical rows of 

windows and whirling about the round windows of the 

uppermost story before vanishing into a cove-like cornice 

(Goldberger, 1981). The base features a decorative geometric 

pattern of terra cotta panels and terra cotta-clad columns. 

Terra cotta continued to be used in the 1920s and 1930s for 

cladding and ornamentation. The Wrigley Building of 1921 

in Chicago is clad entirely in terra cotta—many tall 

buildings during the 1920s and 1930s employed terra cotta 

cladding and ornamentation. The 28-story 2 Park Avenue 

Building of 1928 in New York is clad in lively, brightly 

colored Art Deco detail in terra cotta. However, the widely 

used terra cotta was replaced with curtain walls in 

skyscraper design with the introduction of the International 

Style (van Vuure, et al., 2023; Vervoort, 1989).

2.3 Dual Role of Facades: Aesthetic and Structural Integrity

Many earlier skyscraper façades served a dual purpose: 

they were both decorative and structural. The extensive use 

of masonry contributed significantly to their aesthetic appeal, 

providing a sense of grandeur and permanence. These 

façades were influenced by various architectural styles, 

including Renaissance, Gothic, and Beaux-Arts, which 

imbued the buildings with historical significance and a 

connection to cultural heritage.

From an engineering perspective, these façades were 
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critical for structural integrity. The thick masonry walls 

supported the weight of the building while also resisting 

lateral forces. This blend of beauty and functionality allowed 

early skyscrapers to become iconic symbols of progress 

and aspiration in rapidly urbanizing environments. The 

façades articulated the identity of their respective cities, 

capturing the ethos of a society in transition (Xiang & 

Matusiak, 2022; Ezz et al., 2024).

2.4. Limitations of Load-Bearing Masonry

Despite their grandeur, early skyscrapers' heavy reliance 

on masonry imposed significant design limitations. Thick 

load-bearing walls constrained architects' ability to create 

open and flexible floor plans, a necessity that became 

increasingly pressing as urbanization accelerated and 

demands for usable interior space grew. The rigid structure 

of masonry often dictated the spatial organization of 

interiors, leading to less adaptable layouts that could not 

easily accommodate changing needs. The low compressive 

strength prevented the use of masonry since the walls 

carried heavy loads from the upper floors, particularly in 

the piers around the wall openings. This required great wall 

thickness and disallowed wide window openings and 

daylight entry. 

A notable example is the 1891 Monadnock Building in 

Chicago (Figure 1). This structure is particularly intriguing 

due to its reliance on load-bearing masonry walls, conceived 

even right after the invention of the skeletal frame, which 

required thick exterior walls at the base. The Monadnock’s 

brick walls taper from 6 feet (1.8 meters) at the base to just 

2 feet (0.6 meters) at the top, highlighting the challenges of 

using masonry in tall buildings. This design approach 

imposed significant limitations, particularly on window 

sizes, ultimately affecting natural light and ventilation 

within the interior spaces. The Monadnock Building 

illustrates the transitional nature of architectural practices 

during this period, as it embodies both the aesthetic values 

and the engineering constraints of its time. While such 

buildings and facades conveyed a sense of stability and 

grandeur, they compromised the valuable floor spaces. The 

limitations of masonry construction became more pro-

nounced, pushing architects and engineers to seek a new 

solution of a skeletal steel frame that could better respond 

to the dynamic needs of urban life (Buntrock, 2010; Han et 

al., 2020). 

3. Curtain Wall

A curtain wall façade is a non-structural exterior 

covering of a building serving to shelter the interior of the 

building from the elements. It can be made of lightweight 

materials because it does not carry any gravity loads from 

the floor. It, however, carries self-weight and carries and 

transfers the lateral wind load upon it to the building 

through connections at floors or columns of the building. 

Glass is frequently used as infill because it can reduce 

construction costs and allow sufficient natural daylight to 

the interior. Other types of infills include common infills 

include metal and precast concrete panels, stone veneers, 

and operable windows.

Figure 1. Monadnock Building, Chicago, Illinois (Burnham & Root, 1891). A remarkable example of the use of load-
bearing masonry construction for modern high-rises. (Photograph by K. Al-Kodmany).
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3.1. Origin and Evolution of Curtain Wall 

The Chicago fire resulted in the evolutionary outgrowth 

of advanced commercial buildings in the US. New York 

builders introduced cast-iron members in the first story of 

a building faced around 1835 to provide for a large 

window area. A similar construction appeared in Chicago 

in 1848. Although many cast-iron buildings were constructed 

in Chicago and New York until the late 1860s, architects 

began returning to masonry for the street elevations of 

commercial buildings. Around this time, the multistory 

Oriel Chambers of 1864 and 16 Cook Street of 1866 

buildings designed by Peter Ellis in Liverpool, England, 

were characterized by the extensive use of glass facades 

(Button and Pye, 1993). Metal-framed glass curtain walls 

were employed in the courtyards, which made them two of 

the world's first buildings to include this architectural 

feature. 

The origin of curtain wall construction grew out of metal 

frame construction, and its earliest examples indicate the 

architects' foresight about the possibilities of this construction. 

Jenney, Sullivan, Root, and other Chicago architects 

recognized the architectural potential of the steel frame. 

The problem for architects was how to give architectural 

expression to the frame without resorting to historic building 

styles. The architectural and technological achievement of 

the Chicago School marked the beginning of a new 

typology in the form of steel high-rise commercial buildings. 

Condit (1964) observed that two parallel characteristics 

marked the development of the Chicago School: “One was 

highly utilitarian, marked by strict adherence to function 

and structure derived from traditional vernacular prototypes. 

The other was formal and plastic, the product of a new 

theoretical spirit, the conscious determination to create 

rich, symbolic forms, and a new style expressive of con-

temporary American culture.” Stee-frame skeletal construction 

is one of the most efficient and cost-effective construction 

types for tall buildings (Condit, 1964; Casagrande et al, 

2019; Yeomans, 1998). 

The 10-story Home Insurance Building of 1885 by 

William LeBaron Jenney, generally recognized as the “First 

Skyscraper” of the world that employed skeletal frame 

construction in the exterior walls, allowing for basic non-

structural curtain walls led to the future development of 

other curtain walls later (Ali and Moon, 2020, 2022). Two 

more stories were added later, in 1891, to the building. 

Since this was the first attempt in multistory buildings of 

this scale, it is difficult to expect the execution of the 

design intent in terms of actual design and construction to 

be fully realized, as is typical with any new technology. 

The primary motivation behind the invention of the metal 

skeleton by Jenney and, subsequently, others was to 

overcome the limitations of traditional heavy masonry 

construction. This breakthrough later allowed for various 

materials, such as glass, metal, and composite panels, to be 

utilized, leading to innovative and visually striking tall 

building designs (Ali and Moon, 2022; Willis, 1984). 

The Reliance Building of 1894 was a predecessor of the 

glass façade. The 7-seven story Hallidie Building of 1917 

in San Francisco was among the first high-rise buildings 

that employed an all-glass façade and pushed the technology 

to a new level with its expressed structural frame (Beedle 

et al., 2007). 

3.2. Types and Innovations of Curtain Walls 

Curtain walls are categorized primarily into two types: 

stick systems and unitized systems. Stick systems involve 

assembling components piece-by-piece directly onto the 

building structure at the site, offering flexibility in complex 

façades but requiring extensive on-site labor. Conversely, 

unitized systems consist of pre-assembled panels fabricated 

off-site and installed rapidly at the construction site, 

significantly reducing installation time and labor costs. 

Choosing between stick and unitized systems depends 

largely on project scale, complexity, construction timelines, 

and available labor.

Curtain walls also vary significantly based on their 

intended applications. Specialized systems have been 

developed to address specific building performance needs, 

including enhanced thermal insulation, superior acoustic 

performance, and resistance to blasts or seismic events. 

Modern curtain wall technologies increasingly incorporate 

advanced sustainability features, such as photovoltaic (PV) 

panels integrated into the façade, smart glass capable of 

adjusting transparency and thermal properties, and automated 

shading devices that optimize natural lighting and 

minimize heat gain. These evolving features enable curtain 

wall systems to contribute actively to a building's energy 

efficiency and occupant comfort, responding dynamically 

to environmental conditions and the changing demands of 

modern architectural practice (Casagrande et al., 2019).

4. Curtain Wall in the City Context 

The curtain wall significantly influenced the city’s 

neighborhood in terms of the visual imagery of the 

skyscrapers. It redefined urban skylines and reshaped the 

relationship between buildings and their occupants, fostering 

environments that promote interaction and transparency. 

As architects build upon past innovations, the lessons 

learned from implementing curtain walls will remain 

pivotal in guiding the future of skyscraper design. The 

ongoing pursuit of environmentally responsive architecture 

will emphasize the need for mindful consideration of 

sustainability, social impact, and community engagement. 

As urban centers continue to grow and evolve, the curtain 

wall's legacy inspired new architectural explorations that 

prioritize aesthetics, resilience, and adaptability in the face 

of emerging challenges (Murray, 2009).

4.1. Impact on Urban Form and City Identity 

The rise of skyscrapers significantly influenced urban 

form, shaping the skyline and identity of cities worldwide. 
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Tall buildings became symbols of economic power, 

innovation, and modernity, altering perceptions of urban 

environments. As skyscrapers soared upwards, they created 

iconic cityscapes recognizable not only in a region but 

across the globe, serving as powerful visual symbols of 

ambition, wealth, and progress. The distinctive skylines of 

cities such as New York, Chicago, and Hong Kong represent 

their economic vitality, cultural aspirations, and technological 

achievements.

The concentration of businesses within skyscrapers led 

to the emergence and solidification of central business 

districts, significantly reshaping city layouts and prompting 

the development of transportation infrastructures to connect 

these high-density hubs efficiently. This vertical urban growth 

helped optimize the limited land resources available in 

dense metropolitan areas, supporting population growth 

and economic activity without extensive outward sprawl. 

Furthermore, skyscrapers influenced social interactions and 

urban dynamics, encouraging mixed-use developments 

integrating residential, commercial, and recreational spaces 

vertically and fostering vibrant urban communities. 

Ultimately, skyscrapers transformed cityscapes into dynamic 

environments that symbolize modern urban living, serving 

as landmarks that convey historical continuity and 

contemporary innovation, reinforcing each city's unique 

identity and global significance (Al-Kodmany, 2018).

4.2. Curtain Wall, Sustainability and Future Trends 

As environmental concerns increasingly shape architectural 

practices, the attributes of curtain wall continue to evolve 

towards sustainability and energy efficiency. Contemporary 

curtain wall systems incorporate advanced materials such 

as double-skin facades, thermally improved glazing, and 

integrated PV panels, significantly reducing building energy 

consumption. Additionally, intelligent façade systems utilizing 

smart glass technologies and dynamic shading mechanisms 

adapt to changing environmental conditions, enhancing 

occupant comfort and minimizing environmental impact. 

These innovations indicate that the curtain wall will remain 

central in future architectural design, embodying the balance 

between aesthetic innovation, technological advancement, 

and environmental responsibility.

4.3. The Legacy of the Curtain Wall

The curtain wall system enabled architects to create 

buildings with enhanced aesthetic appeal aligning with 

modernist design philosophies. The influence of the 

skeletal steel frame and lightweight curtain walls on the 

aesthetics of the facades of high-rise buildings was profound, 

with far-reaching consequences. Ultimately, the curtain 

wall system transformed the architectural landscape, creating 

taller, lighter, and more visually striking skyscrapers. It 

pushed architects and engineers to evolve their approaches 

to building performance, emphasizing the importance of 

integrating aesthetics with functional and sustainable 

design. The legacy of the curtain wall is evident in contem-

porary skyscraper design, where the principles of lightness, 

transparency, and innovation continue to shape urban 

environments. These principles reflect the ongoing dialogue 

between architecture and the urban context, influencing 

how future generations of architects approach the design of 

high-rise buildings.

The definitive accomplishment of the architects of the 

Chicago school—Jenney, Burnham and Root, Holabird 

and Roche, Adler and Sullivan—was their conception of 

an explicit and basic expression of the commercial tall 

building façade. The curtain wall was foremost in this 

conception (Kuhlmann, 2013). 

5. Search for a Skyscraper Style

The façade representing a building’s exterior surface 

expresses the architectural style of skyscrapers. Following 

the structure-based functional period, at the beginning of 

the 20th century, the Ecole des Beaux-Arts academic 

tradition remained strong in America, and classical design 

was the dominant style for tall building facades. As 

opposed to strictly classical buildings, Gothic revivalism 

found popularity in such influential buildings as Cass 

Gilbert’s Woolworth Building of 1913 in New York. 

Gothic buildings had the most significant influence on the 

structure's expression and the facades. It is one of the most 

iconic examples of early skyscraper design. This neo-

Gothic marvel features a stunning terracotta façade adorned 

with intricate detailing, spires, and elaborate cornices, 

evoking the grandeur of European Gothic cathedrals. Its 

design symbolizes the city’s economic power and cultural 

aspirations, connecting modern commercial purposes with 

a rich historical lineage. The principal characteristic feature 

of this period was the incorporation of ornamentation and 

décor.

The Woolworth Building serves not only as a functional 

space but also as a testament to the ambition of its time, 

with its façade conveying a sense of civic pride and 

historical continuity. The Chrysler Building of 1930 and 

the Empire State Building of 1931 in New York are 

perhaps the most potent and unmistakable expressions of 

skyscraper style. Both towers, with their outstanding 

verticality and almost similar images from all directions, 

completely dominate the skyline. In both towers, the 

vertical ascendent thrust ends in a “great crown that 

resolves and continues this thrust into the sky itself” 

(Cruickshank, 2018; Nash, 1999). 

5.1. The Cultural Shift Towards Openness

The use of glass on skyscraper façades during this period 

was not merely aesthetic; it symbolized a cultural shift 

towards openness and transparency. Architects recognized 

glass's ability to blur the boundaries between indoor and 

outdoor spaces, allowing natural light to flood interiors and 

creating a seamless connection with the external environment. 

This design approach reflected a broader societal desire for 
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openness in business and communication during economic 

expansion and technological advancement. In a world 

where skyscrapers emerged as powerful symbols of 

commerce and modern living, glass conveyed progress, 

lightness, and innovation. The transparent façades invited 

the public to engage with the urban environment, fostering 

community and connection (Aiello, 2011).

5.2. Art Deco and the Expression of Modernity 

Emerging prominently in the 1920s and 1930s, Art Deco 

became a defining architectural style for skyscraper facades, 

expressing modernity, elegance, and innovation. Art Deco 

buildings featured geometric forms, streamlined shapes, 

and lavish ornamentation inspired by the era's technological 

advancements and cultural optimism. Skyscrapers such as 

the Chrysler Building (Figure 2) embodied this aesthetic, 

combining metallic detailing, stepped silhouettes, and 

dramatic lighting to highlight their verticality. This style 

symbolized the economic and industrial strength of the 

time and conveyed modern urban life's cultural excitement 

and aspirations, leaving a lasting legacy on city skylines 

worldwide (Cruickshank, 2018).

6. Embracing Structural Symbolism and 
Modernist Aesthetics 

The curtain wall facilitated the widespread use of glass 

and other lightweight materials in façade design, aligning 

seamlessly with the modernist architectural movement. 

Architects embraced expansive glass surfaces emphasizing 

transparency and lightness, blurring the boundaries between 

interior and exterior spaces. Mies van der Rohe was crucial 

in articulating the prototypical 20th-century tension between 

art and technology, contemplation and pragmatism. He felt 

that structure in its pure form should be enclosed in a 

curtain of shaped glass and elevated its expression to a 

higher, symbolic level. Mies’s goal was to accomplish a 

building expression that explicitly reflected the pure, 

rational, and cost-effective use of materials by eliminating 

any decorative and extra material on the façade or elsewhere. 

For him, “Less is more” and “God is in the details,” and his 

architecture was uncompromising. He sought “structural 

symbolism as a high art form for a technological age” 

(Larsen, 1990). 

6.1. The Promontory Apartments 

The 12-story  Promontory the Promontory Apartments 

of 1949 on Chicago’s Southside was Mies’s first important 

high-rise structure. The exterior of the building, conceived 

as an exposed skeleton and glass curtain wall with 

operating windows and brick spandrels, is noteworthy for 

its simplicity. In routinely restrained expression, Mies 

imperceptibly reduced the depth of the columns that step 

back at three points on the façade as the load decreases. The 

Promontory Apartments resonate with the structural clarity 

of Sullivan’s Carson Pirie Scott store in Chicago and the 

subtle refinement of Gothic style (Gaudette & Hunderman, 

1997). 

6.2. 860-880 Lake Shore Drive

The 26-story towers of 1951 at 860-880 Lake Shore 

Drive in Chicago were designed by Mies as a pair of 

residential apartments, but they became international 

models for innumerable commercial buildings. They were 

the first apartment buildings in the US to be sheathed 

totally in glass and were dubbed “Glass House” 

apartments. The glass and steel buildings expressed in the 

façade represent an ideal proportional order ruled by the 

constraints of materiality and technology (Cedro, 2009).

Additional examples of Miesian design of office 

buildings reflecting his matured structural and architectural 

insights are presented in the next section.

7. The Emergence of Commercial Facades in 
Glass

The mid-20th century marked a transformative period in 

skyscraper design, with the rise of glass as a dominant 

material for façades. This era symbolized transparency, 

Figure 2. Chrysler Building, New York City (William Van 
Alen, 1930). An iconic Art Deco skyscraper is renowned 
for its distinctive terraced crown, stainless steel ornamentation, 
and symbolic expression of modernity and technological 
progress. (Photograph by K. Al-Kodmany).
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openness, and technological advancement, particularly 

during the high points of modernism in the 1960s and 

1970s. The International Style became the hallmark of 

architectural design, characterized by minimalistic aesthetics, 

clean lines, and geometric forms. Mies and other architects 

championed glass and steel as ideal materials to express 

modernist ideals. This represents a departure from previous 

styles and ways of architectural expression. This shift 

reflected a broader societal embrace of industrial materials 

and techniques, signaling a new architectural language 

celebrating simplicity and functionality while allowing for 

expansive panoramic views and entry of abundant natural 

light (Lee et al., 2002). 

7.1. Lever House

Along with its immediate predecessor, the 39-story 

United Nations Secretariat Building of 1951 in New York 

using the International Style, the 21-story Lever House of 

1952 in New York designed by architects Gordon Bunshaft 

and Natalie de Blois of SOM is an early example of an 

office building using the International Style (Figure 3). It is 

one of the most critical tall buildings of the postwar era. It 

altered Park Avenue in Midtown from an avenue comprising 

masonry apartment buildings by introducing one with 

International Style. All facades above the ground floor 

have heat-absorbing glass panes and stainless steel. The 

design of the curtain wall was intended to keep air-

conditioning costs low (Ockman, 2005).

7.2. Seagram Building

The 38-story Seagram Building of 1958 in New York is 

a remarkable modernist building designed by Mies (Figure 

4). Philip Johnson also collaborated with him on the 

project. The Seagram Building is the first office building in 

the world to use extruded bronze on a facade, as well as the 

first skyscraper in New York with full-height plate glass 

windows. It represents an ideal of purity and perfection of 

form, championing modernism. The simplicity of the form 

is the steel frame with glass curtain wall as a modernist 

transformation of the outdated building of the eclectic era. 

Combined with bronze in the facade, the Seagram Building 

delivers a classy visual account, a harmonious merger of 

modern engineering and enduring grace (Moe, 2021).

7.3. IBM Building

Mies’s last and probably the best office building in the 

US was the 51-story IBM Building of 1970 in Chicago 

(Figure 5). His concern for the contextual environment is 

reflected in the solution for the building’s curtain wall. 

IBM’s curtain wall system combines three elements: double 

glazing, a complete thermal break between the exterior and 

interior of the building, and a pressure-equalization system 

within the skin to prevent air leakage or normal infiltration 

due to the pressure differential between the building’s 

interior and the exterior. 

A pressure-equalization system in a curtain wall façade 

prevents air and water infiltration from pressure differences 

Figure 3: Lever House, New York City (Skidmore, Owings & Merrill, 1952). A seminal example of the International 
Style, known for its innovative glass curtain wall façade, transparency, and minimalist and modernist aesthetics. 
(Photograph by K. Al-Kodmany).
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between a building's interior and exterior. This system 

divides the façade into small compartments or cavities; 

each vented externally to equalize internal cavity pressure 

with external conditions, thereby eliminating significant 

pressure differentials that would otherwise drive moisture 

and air inside. Such systems enhance thermal performance, 

reduce moisture-related damage, and improve energy 

efficiency. In Mies van der Rohe’s IBM Building, the 

pressure-equalization system, double glazing, and thermal 

breaks created an efficient, high-performance envelope that 

optimizes thermal comfort and weather resistance (Krohn, 

2014).

Also, unlike more recent curtain-wall buildings that 

typically emphasize a sleek, monolithic façade with minimal 

differentiation between glass panels and mullions, the IBM 

Building distinctly articulates its façade components. Its 

window frames are deliberately raised, providing a subtle 

but meaningful three-dimensional quality. This design 

choice contrasts effectively with the recessed spandrel 

panels, creating a clear visual definition of the glass, 

mullions, and spandrels. Such nuanced façade articulation 

adds depth and texture, enhancing the visual complexity 

and architectural elegance of the building’s envelope.

All the above buildings, amongst others, showcased a 

commitment to simplicity, functional design, and the 

expression of materials, creating a new architectural language 

that resonated with the ideals of modernity. These 

structures' interplay of light, reflections, and urban context 

reinforced a vision of progress and innovation (Pugh, 

2009).

8. The Legacy of Glass in Architecture

The rise of glass façades in skyscrapers, the high point of 

modernism in the 1960s and 1970s, signifies a pivotal 

moment in architectural history. The use of glass continued 

even during the postmodern and subsequent eras of 

pluralism. While these transparent, minimalist, glistening 

exteriors embodied modernism and technological progress, 

they also posed new challenges that required ongoing 

innovation. Integrating advanced glazing technologies and 

shading systems ensured that iconic structures could meet 

Figure 4. Seagram Building, New York City (Mies van der 
Rohe and Philip Johnson, 1958). It is a landmark of modern 
architecture exemplifying minimalist elegance, structural 
clarity, and the extensive use of bronze and glass curtain 
walls. (Photograph by K. Al-Kodmany).

Figure 5. IBM Building, Chicago, Illinois (Mies van der 
Rohe, 1970). Mies's final major office building in the U.S. 
showcases his signature minimalist aesthetic, meticulous 
proportions, and refined steel-and-glass curtain wall 
design. (Photograph by K. Al-Kodmany).
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the demands of a more energy-conscious era, paving the 

way for sustainable design practices in contemporary 

architecture. This legacy continues to influence new projects, 

where architects are inspired by the principles of transparency, 

simplicity, and innovation, striving to create buildings that 

enhance urban environments while addressing environmental 

concerns (Wigginton, 1995). 

8.1. Challenges of Energy Efficiency

While the curtain wall system offered numerous 

aesthetic and structural advantages, it also introduced 

significant energy efficiency and climate control challenges. 

The extensive use of glass raised issues with heat gain in 

summer and heat loss in winter, leading to uncomfortable 

indoor environments. Early examples of curtain wall 

buildings often lacked adequate insulation and ventilation, 

increasing energy consumption and costs. This prompted 

architects, engineers, and building managers to rethink 

their design approaches, emphasizing the importance of 

integrating sustainable practices and climate-responsive 

strategies to enhance occupant comfort and reduce 

environmental impact (Oldfield et al., 2009).

8.2. Innovations in Glazing Technologies

The architectural and engineering communities began 

developing new glazing technologies to improve energy 

performance in response to energy efficiency challenges. 

Double glazing, which involves two panes of glass 

separated by an insulating layer of gas, became a standard 

solution to enhance thermal resistance. Additionally, 

advancements in reflective coatings were introduced to 

mitigate glare and reduce solar heat gain. Insulated glass 

units (IGUs) provided enhanced thermal performance, 

improving overall comfort for occupants while lowering 

energy costs. These innovations addressed the initial 

inefficiencies of curtain wall systems and allowed architects 

to pursue bold designs without compromising sustainability 

(Elbakkheit, 2012).

9. Facades and Structural Expressionism

An optimum form of a tall building is very much related 

to efficient structural performance to carry the imposed 

gravity and lateral loads caused by wind and earthquakes, 

which in turn dictates the economy of the building. Nearly 

every skyscraper can be designed with structural expression 

in mind, considering it a primary determinant for design, 

although other approaches to viewing tall buildings cannot 

be ruled out. The ideal form of economy can be derived 

through minimum-weight design, achievable by following 

the optimal load path and load sharing in a structure. This 

concept led to the development of the tubular principle, 

first envisaged, applied, and promoted by structural engineer 

Fazlur R. Khan of SOM in the 1960s and 1970s. His 

mantra was: Let the structure be honestly expressed 

(Mindrup, 2021). His dictum was “Form follows forces” 

rather than Sullivan’s “Form follows function.” This is the 

essential conception of structural optimization leading to 

minimum weight design thereby matching the precept of 

minimalist design. Khan wanted tall buildings to display 

the process of force flow in the façade through the 

structural elements leading to structural expressionism 

(Billington, 1983). 

The following two iconic buildings in steel have 

unconventional facades displaying structural systems in 

which the structure generated the form. In other words, the 

structure was the architecture. In both buildings, Khan 

ensured the direct and logical expression of the structure.

9.1. John Hancock Center

The 100-story John Hancock Center (renamed 875 North 

Michigan Avenue), completed in 1970 in Chicago, was 

designed by architect Bruce Graham and structural 

engineer Fazlur R. Khan of Skidmore, Owings & Merrill 

(SOM). The building stands as an iconic example of 

structural expressionism in architecture, where the form 

Figure 6.  John Hancock Center (now 875 North Michigan 
Avenue), Chicago, Illinois (Skidmore, Owings & Merrill, 
1970). A prominent skyscraper recognized for its distinctive 
tapered form, innovative structural X-bracing system, and 
bold structural expression in which the exterior structure is 
the facade. (Photograph by K. Al-Kodmany).
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directly reflects the underlying structural logic. While 

Graham contributed significantly to the architectural design, 

Khan often received primary recognition due to his 

innovative engineering solution—the steel-braced tube 

structural system—that prominently defined the tower's 

form. The distinctive tapered shape of the building 

accentuates its verticality and emphasizes its structural 

clarity (Figure 6).

The façade of the John Hancock Center is characterized 

by its visually striking exposed structural X-bracing system. 

These large X-braces cut diagonally across the glass 

façade, boldly showcasing the tower's structural framework 

as a tower of strength. Although the braces partially 

obstruct some windows, their deliberate exposure creates 

an impression of thinness and lightness rather than 

heaviness. This transparent expression of structure provides 

a compelling aesthetic of robustness and permanence, 

achieving an elegant balance between structural stability 

and visual delicacy. This innovative integration of form 

and structural engineering makes the Hancock Center a 

uniquely distinctive space marker among tall buildings 

(Khan, 1983).

9.2. Sears Tower

Graham and Khan also designed the 110-story Sears 

Tower (renamed Willis Tower) of 1974 in Chicago (Figure 

7). It was the tallest building in the world for 24 years. Like 

Hancock, Khan gets the main credit for the design because 

he developed the structural system of bundled tubes that 

define the form of the building. Graham had a deep 

appreciation for structures, and that helped them work 

together as the Khan-Graham team for many of their 

projects. Both were admirers of Mies and imitated the dark 

color of the Hancock Center and Sears Tower. 

The façade of the Sears Tower is characterized by a 

distinctive combination of anodized aluminum and dark-

tinted glass that emphasizes its sleek, modernist aesthetic. 

The building features a bundled-tube structural system, 

resulting in a composition of multiple vertical tubes. These 

tubes terminate at varying heights, creating a dynamic, 

stepped-down profile that dramatically shifts its appearance 

from different viewpoints. The dark glass and aluminum 

façade, inspired by Mies van der Rohe’s minimalist style, 

reinforces the building's verticality while reflecting its 

surroundings, enhancing its presence on the Chicago skyline. 

The varied profile and reflective qualities of the façade 

highlight the building’s innovative structure and mark it as 

a celebrated architectural and engineering landmark 

(Pridmore, 2002).

9.3. DeWitt-Chestnut Apartment Building 

The 43-story DeWitt-Chestnut Apartment Building 

(renamed Plaza on DeWitt) of 1965 by Graham-Khan team 

in Chicago is historically significant. This is the first 

building in the world where Khan applied his tubular 

principle. It precedes other tubular skyscrapers, including 

Hancock and Sears buildings. A concrete building of this 

height was unthinkable in those days. Khan’s ingenuity 

made it possible to build a 43-story concrete structure of 

this height with a new structural system that was most 

economical. The perimeter columns in the building are 

spaced at 5 feet 6 inches (1.7 meters) and supported on a 

deep transfer girder. Building elevation using such closely 

spaced structural columns connected by spandrels eliminated 

the need for mullions. 

The structural frame is exposed and becomes the façade 

of the building, thereby providing an honest visual 

expression. The structural and architectural expression of 

the building becomes a singular expression. Rather than 

dominating the exterior, the frame acts with the window 

wall to provide a simple and structurally light appearance. 

The lightly framed DeWitt tower echoes the similar lightly 

framed structure of the nearby Lakeshore apartments. 

9.4. The Onterie Center 

The Onterie Center of 1986 in Chicago is a tower with 

Figure 7. Sears Tower (renamed Willis Tower), Chicago, 
Illinois (Skidmore, Owings & Merrill, 1974). An iconic 
skyscraper celebrated for its innovative bundled-tube structural 
system and status as one of the tallest buildings in the 
world at the time of its completion. (Photograph by K. 
Al-Kodmany).
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X-braces visually expressed on the façade. Graham and 

Khan came up with the idea of blocking window openings 

with concrete infills in a lively and aesthetic pattern to 

create the X-braces such that the extent of locking would 

be minimal and only a single window in each apartment 

would be blocked (Figure 8). 

The bracing is, however, thinner and more delicate 

visually. The thinness results from the more closely spaced 

columns, forming smaller windows and thus creating thinner 

diagonals (Zils and Clark, 1986). The tower’s center on the 

long side has a setback and is not braced diagonally. The 

plain setback highlights the two braced shafts, forming a 

plan channel. The architectural finish of the exposed 

concrete in the façade was critical in terms of quality 

control and visual interest. The tower's base splays out in 

front, and the X-braces are carried to the street level. 

A few other examples of concrete skyscrapers expressing 

structure are the Brunswick Building (renamed 69 West 

Washington Street Building) of 1965 in Chicago; One 

Shell Plaza (1971) and Two Shell Plaza (1972) in Houston, 

Texas; 58-story One Magnificent Mile (1983) in Chicago; 

780 Third Avene (1984) in New York are other notable 

examples of structural expression (Billington, 1995; Risen, 

2014; Beskitt, 2016). 

10. Postmodernism and Revival of 
Ornamentation 

The 1980s and 1990s marked a significant shift in 

architectural trends, as the stark minimalism of the 

International Style gave way to the eclectic and other 

expressive forms of Postmodernism. This movement emerged 

as a reaction against the uniformity and functionalist ethos 

that dominated skyscraper design for much of the second 

half of the 20th century (Jencks, 2012). 

10.1. Technological Advancements and New Possibilities

Technological advancements in material science during 

the 1980s and 1990s played a crucial role in shaping 

postmodern façades. New cladding systems and construction 

techniques allowed architects to experiment with a broader 

range of façade materials. Metal panels, stone veneers, and 

precast concrete became popular, offering new opportunities 

for creative expression and introducing ornamentation, 

texture, and color into designs. Innovations such as 

lightweight materials and modular construction techniques 

enabled the realization of complex shapes and intricate 

details, facilitating a departure from the stringent discipline 

of modernist structures. These advancements empowered 

architects to explore new design languages that combined 

façade aesthetics with structural integrity (Ali and Moon, 

2018; Szolomicki and Golasz-Szolomicka, 2019).

10.2. The Role of Digital Design Tools

The postmodern era also saw the rise of digital design 

tools, enabling architects to push their creativity's boundaries. 

The integration of computer-aided design (CAD) in the 

1970s allowed for more complicated geometries and 

intricate details, as well as complex structures to analyze 

that were previously difficult to achieve, facilitating a new 

level of experimentation and exploration of novel and 

complex forms and compositions that reverberated the 

eclecticism of postmodernism. Subsequently, software 

advancements enabled architects to visualize and manipulate 

designs in three dimensions, fostering greater collaboration 

and innovation. This technological shift contributed to a 

more dynamic architectural, structural, and construction 

practice, where the possibilities for design expanded 

exponentially, allowing for a reimagining of urban forms 

and façades (Al-Kodmany and Ali, 2013).

11. Recent Developments and Emerging Trend

This section explores contemporary trends and future 

directions in high-rise façade design, emphasizing techno-

logical innovation, sustainability, and adaptability. It highlights 

advancements such as high-tech facades, incorporation of 

green elements, renewable energy integration, and adaptive 

façade technologies.

Figure 8. The Onterie Center (1986) in Chicago showcases 
delicate concrete X-bracing on its façade, minimizing 
window obstruction while emphasizing structural expression 
and visual rhythm. (Photograph by K. Al-Kodmany). 
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11.1. High-Tech Facades

As the 20th century ended, a new era in façade design 

emerged, driven by technological innovation and a growing 

sustainability awareness. The High-Tech architectural move-

ment, which began in the 1970s and 1980s, revolutionized 

how façades were perceived and constructed (Khalil et al., 

2018). Prominent examples of this architectural approach 

include Norman Foster’s HSBC Building (1985) in Hong 

Kong and Richard Rogers' Lloyd's of London Building 

(1986) in London. Both structures prominently feature 

glass, steel, and aluminum—materials that symbolize the 

technological progress of the era. The HSBC Building 

employs a modular construction system, displaying its 

structural features on the exterior (Figure 9). This design 

creates an impression of transparency and lightness, blurring 

the lines between interior and exterior spaces. Similarly, 

the Lloyd's Building follows an “inside-out” approach, 

revealing its mechanical and service systems outside, 

simplifying maintenance, and freeing up the inside usually 

allocated to these systems. These buildings should not be 

confused with structural expressionism. The few structural 

elements on the façade do not participate in the logical 

structural load path and load-sharing process in the overall 

structural system (Billington and Goldsmith, 1986).

11.2. The Shift Towards Sustainability

As the world moved into the 21st century, growing 

environmental concerns began to shape the direction of 

façade design. Architects and engineers increasingly sought 

to participate in the ongoing “green movement” starting in 

the 1970s by creating energy-efficient buildings that 

minimized their environmental impact while maximizing 

occupant comfort. Following the energy crisis of the 1970s, 

architects and engineers became concerned about tall 

buildings of glass and steel boxes from the modernist era, 

which required enormous heating and cooling systems. 

This shift led to integrating sustainable design principles 

into façades, focusing on energy efficiency, renewable 

materials, and environmental responsiveness.

A prime example of this evolution is Norman Foster’s 

Gherkin (30 St Mary Axe), completed in 2004 in London 

(Figure 10). The Gherkin’s double-skin glass façade is 

designed to reduce the need for mechanical heating and 

cooling systems by allowing natural ventilation between the 

two layers. This design significantly lowers energy 

consumption and helps regulate the building’s internal 

temperature. The Gherkin exemplifies how technological 

innovation and sustainability can harmonize in façade design, 

offering a blueprint for future high-rise developments (Al-

Kodmany, 2018).

Figure 9. HSBC Building, Hong Kong (Norman Foster, 1985). An iconic example of high-tech architecture, featuring 
exposed structural elements but not expressing the structural system, innovative modular construction, and a dynamic 
expression of transparency and technological advancement. (Photograph by K. Al-Kodmany).
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11.3. High-Performance Facades

Advances in skyscraper technology and integration have 

progressed from stylistic benchmarks to performance-

based criteria. With a focus on designing more energy-

efficient and sustainable skyscrapers, designers have 

entered a new era of tall building design that requires more 

significant and more sophisticated methods of collaboration 

among professionals and integration of multifaceted and 

trendier building physical systems and technologies. Zero-

energy buildings have attempted to theoretically decrease 

their carbon footprints to almost zero by integrating

renewable energy technologies, such as solar panels, wind 

turbines, and fuel cells, with innovative and “green 

materials and environmentally efficient forms. 

Architects and engineers had always envisaged articulated 

and non-traditional high-rise forms. Still, they were 

hindered by a lack of algorithms and analytical methods to 

calculate intricate variables imposed by natural forces of 

wind, earthquakes, and gravity. Finite Element Analysis 

(FEA) and Computational Fluid Dynamics (CFD), in 

conjunction with advances in parametric kits like Building 

Information Modeling (BIM), allow engineers to precisely 

compute externally applied loads and reactive internal 

forces and deformations across the building structure, shape 

towers into streamlined aerodynamic forms and create 

virtual models that simulate wind loads and environmental 

effects. These developments, together with advanced 

structural systems and composite materials, have opened 

up new and exciting design possibilities for well-fashioned 

skyscrapers, dynamic and rotating towers, as well as 

supertall and megatall buildings. 

The fundamental elements of high-performance tall 

buildings depend upon state-of-the-art technologies, 

sustainable materials, integrated building systems, and 

energy-efficient strategies. High-performance skyscrapers 

strive to effectively balance environmental, social, and 

economic impacts by harnessing these advancements. 

Cutting-edge technologies, such as intelligent Building 

Management Systems (BMS), renewable energy integration, 

sensors, and advanced façade materials, help reduce 

operational emissions and enhance occupant well-being. 

Sustainable materials and building strategies, like green 

roofs and vegetative facades, mitigate urban heat and 

improve city air quality. Together, these elements form a 

model for sustainable urban growth, allowing tall buildings 

to adapt to the needs of dense urban settings while promoting 

resilience, environmental stewardship, and economic vitality 

in cities.

Advances in skyscraper technology and integration have 

progressed from stylistic benchmarks to performance-

based criteria. With a focus on designing more energy-

efficient and sustainable skyscrapers, designers have entered 

a new era of tall building design that requires more 

significant and more sophisticated methods of collaboration 

among professionals and integration of multifaceted and 

trendier building physical systems and technologies. Zero-

energy buildings have attempted to theoretically decrease 

their carbon footprints to preferably almost zero by 

integrating renewable energy technologies, such as solar 

panels, wind turbines, and fuel cells, with innovative and 

“green materials and environmentally efficient forms. 

FEA, CFD, and the use of BIM, have allowed engineers 

to accurately calculate and map out patterns of wind 

pressure distribution around a tall building's complex shape 

in a neighborhood with existing buildings of different 

heights and intricate forms. This facilitated them to create 

virtual prototypes and derive an optimal aerodynamic form 

of the building.

11.4. Green Facades and Urban Biodiversity

Alongside advancements in energy efficiency, OR energy-

efficiency advancements, the “green façade” concept gained 

prominence. Architects sought to incorporate vegetation 

into their designs, with projects like the Bosco Verticale 

Figure 10. The Gherkin (30 St Mary Axe), London (Norman 
Foster, 2004). The Gherkin’s double-skin glass façade is 
designed to reduce the need for mechanical heating and 
cooling systems by allowing natural ventilation between the 
two layers. The building's aerodynamic form was derived by 
analyzing and simulating the wind load pattern around it 
using Finite Element Analysis (FEA) and Computational 
Fluid Dynamics (CFD).  (Photograph  by K. Al-Kodmany).



26 Kheir Al-Kodmany et al. | International Journal of High-Rise Buildings
(Vertical Forest) of 2014 in Milan designed by Stefano 

Boeri (Figure 11). This building features façades covered 

with thousands of trees and plants, creating a vertical 

ecosystem that improves air quality, reduces noise pollution, 

and provides natural insulation. This living façade 

enhances aesthetic appeal and promotes biodiversity in 

urban areas, addressing the environmental challenges 

posed by densely populated cities.

Integrating greenery into façades symbolizes a shift 

toward a more holistic approach to architecture considering 

ecological impacts. By promoting biodiversity and 

enhancing urban landscapes, green façades promote a 

healthier and more sustainable city future (Ali and Al-

Kodmany, 2012).

 11.5. Innovations in Façade Technology

The sustainable façade movement underscores a broader 

trend toward innovation and environmental responsibility 

in skyscraper design. Architects have embraced new 

materials, technologies, and design strategies to create visually 

striking and ecologically conscious buildings. Develop-

ments in innovative glass technology allow façades to 

adapt to changing environmental conditions, improving 

energy efficiency and occupant comfort. Smart windows 

can adjust their tint based on sunlight exposure, reducing 

glare and heat gain while optimizing natural light.

Moreover, advancements in BIM began in 1963 in an 

embryonic form that advanced through the 1970s and 

1980s, and digital fabrication techniques have revolutionized 

façade design. Architects can simulate energy performance 

and optimize material usage, leading to informed design 

decisions prioritizing sustainability. These technologies 

enable the creation of complex geometries and customized 

components, enhancing the façade’s aesthetic appeal and 

functional performance (Szolomicki and Golasz-Szolomicka, 

2019).

11.6. Application of Renewable Energy to Facade

Integrating renewable energy sources into façades is a 

pivotal aspect of contemporary skyscraper design, reflecting 

a growing commitment to sustainability and environmental 

stewardship. It has been employed in numerous tall 

buildings. Among the most significant innovations in this 

area is incorporating photovoltaic (PV) panels into building 

façades. This approach allows skyscrapers to generate their 

energy and contribute surplus energy back to the power 

grid, enhancing the overall energy efficiency of urban 

environments. These can seamlessly integrate into various 

façade systems, including glass, metal, and composite 

materials. This integration can take many forms, from 

traditional flat solar panels installed on rooftops to 

building-integrated photovoltaics (BIPV), where the panels 

themselves serve as a functional and aesthetic component 

of the building envelope. Using BIPV, architects can 

maintain modern designs' sleek appearance while effectively 

harnessing solar energy. By reducing the overall carbon 

footprint of urban structures, these designs contribute to 

efforts in combating climate change and promoting 

sustainable development. 

Moreover, wind energy is now expected to be harnessed 

using wind turbines. The 71-story Pearl River Tower of 

2012 in Guangzhou, China, was a building with an 

aerodynamic form designed by SOM; the design incorpo-

rated a few latest technologies (Figure 12). This tower is an 

excellent example of a high-performance building provided 

with solar shading, double curtain walls, wind turbines, 

and PVs. 

The wind turbines on the façade of the building are a 

unique feature of it. The recessed facades at two locations 

in the elevation of the building where blowing winds push 

turbines in the openings at the two mechanical floors, 

generating energy (Kamal and Saraswat, 2014). 

12. Parametric Façade Design 

The advent of digital technology in the late 20th century 

and its progress in the early 21st century catalyzed a new 

era in façade design, where architects began to explore the 

transformative potential of parametric design and adaptive 

facades. These cutting-edge approaches have redefined the 

aesthetic possibilities in architecture and enabled façades to 

Figure 11. Bosco Verticale (Vertical Forest), Milan, Italy 
(Stefano Boeri, 2014). An innovative residential skyscraper 
featuring extensive façade-integrated greenery, embodying 
sustainable architectural principles and urban biodiversity. 
(Sketch by K. Al-Kodmany).
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respond dynamically to environmental conditions and the 

evolving needs of building occupants. As architects leverage 

algorithms, sensors, and intelligent materials, façades have 

evolved into more than just a protective skin—they now 

play an integral role in building energy efficiency, functio-

nality, and experience (Jafari and Alipour, 2021).

12.1. The Power of Algorithms and Complexity

Parametric design represents a revolutionary departure 

from traditional architectural methods. Instead of relying 

on static blueprints, parametric design uses algorithms and 

software to manipulate multiple variables simultaneously, 

including geometry, materials, and environmental factors. 

This approach allows for a high degree of customization 

and complexity in façade patterns, resulting in intricate and 

organic forms that would have been impossible to achieve 

using conventional methods.

Parametric modeling involves setting up parameters or 

rules that define relationships between different building 

components. Architects can adjust these parameters in real 

time, exploring various design options and fine-tuning the 

façade to meet specific performance criteria, such as energy 

efficiency, structural integrity, and daylight entry. The iterative 

testing and simulation process allows architects to optimize 

building performance long before construction begins.

Another exciting development is the use of 3D printing 

in façade construction. 3D printing enables the creation of 

highly complex and customized components seamlessly 

integrated into parametric designs. This approach allows 

for greater design flexibility and reduces waste and 

material consumption during construction. The use of 

lightweight and recyclable materials further contributes to 

the sustainability of these façades, aligning with the global 

push towards more environmentally responsible construction 

practices (Din and Kareem, 2020).

12.2. Integration of Parametric Tools and BIM

Integrating parametric design with BIM marks another 

significant advancement in contemporary architectural 

practice. BIM provides architects with comprehensive, 

data-rich 3D models that enhance collaboration and 

streamline the design and construction process. Combining 

parametric tools with BIM facilitates accurate real-time 

analysis and optimizations of façade performance concerning 

thermal efficiency, structural stability, and material usage.

Parametric tools allow designers to input numerous 

variables and conditions, which BIM systems can 

simultaneously evaluate within an integrated model. This 

synergy offers enhanced flexibility and immediate feedback, 

enabling designers to make informed decisions and rapidly 

explore multiple design scenarios. As a result, architects 

can optimize façade systems more effectively, balancing 

aesthetic ambition with practical considerations such as 

constructability, cost efficiency, and sustainability targets.

Furthermore, this integrated approach fosters improved 

collaboration among diverse project stakeholders, including 

architects, structural engineers, environmental consultants, 

and construction teams. Enhanced visualization capabilities 

provided by BIM enable clearer communication of design 

intent, facilitating smoother project execution and minimizing 

costly adjustments during the construction phase. Thus, the 

combination of parametric design tools and BIM signi-

ficantly elevates architectural practice, offering unprece-

dented levels of precision, efficiency, and creative potential 

in modern façade design (Najjar et al., 2019). 

Figure 12. Pearl River Tower, Guangzhou, China (Skidmore, 
Owings & Merrill, 2012). A high-performance skyscraper 
characterized by its aerodynamic design and integrated 
sustainable technologies, significantly reducing energy con-
sumption and environmental impact. (Sketch by K. Al-
Kodmany).
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13. Adaptive Façades

While parametric design excels in creating complex 

forms, adaptive facades take the concept of responsive 

architecture further by introducing real-time environmental 

adjustments. Adaptive façades and responsive environment 

design emerged from research and application by Buckminster 

Fuller in the 1960s, Nicolas Negroponte in the 1970s, and 

Michael Davies in the 1980s. These facades are “smart” in 

adapting to short-term weather fluctuations, diurnal cycles, 

and seasonal patterns. These are equipped with sensors, 

actuators, and intelligent materials that enable them to 

modify their configuration based on changing environ-

mental conditions. Lately, this notion has been gaining 

ground in this writing. 

A prime example of adaptive façade technology is the Al 

Bahar Towers of 2012 in Abu Dhabi, designed by Aedas 

Architects (Figure 13). The towers feature a dynamic 

shading system consisting of hexagonal “mashrabiya” 

elements that open and close in response to the sun’s 

movement. This responsive façade effectively reduces solar 

gain and glare while maintaining natural daylight inside the 

building. Inspired by traditional Islamic architecture, the 

adaptive façade merges cultural heritage with cutting-edge 

technology, creating a visually stunning and environmentally 

responsible structure (Jafari and Alipour, 2021).

13.1. Material Innovation 

The evolution of parametric and adaptive façades has 

been closely tied to advancements in material science. 

Traditional materials like stone and brick are often too rigid 

and heavy for the dynamic and complex forms enabled by 

parametric design. Architects have turned to lightweight, 

flexible materials for greater creative freedom.

Intelligent materials, such as shape-memory alloys, 

electrochromic glass, and phase-change materials, have 

expanded the possibilities for dynamic and responsive 

façade designs. Electrochromic glass, for example, can 

change its tint in response to an electrical current, allowing 

for controlled modulation of light and heat entering the 

building. This technology is beneficial in adaptive façades, 

where the ability to adjust transparency and opacity in real 

time can significantly enhance energy efficiency and 

occupant comfort (Kim and Shin, 2011).

13.2 Integration of Data and AI in Adaptive Façades

Integrating data analytics and artificial intelligence (AI) 

into adaptive façade systems is becoming increasingly 

common as digital technologies evolve. AI algorithms can 

analyze vast amounts of data from sensors, weather 

forecasts, and occupancy patterns to predict and optimize 

the façade’s behavior in real time. This predictive capability 

allows for more efficient management of energy 

consumption, as the façade can anticipate changes in 

environmental conditions and adjust accordingly.

For instance, an AI-powered adaptive façade might 

predict a sudden increase in temperature based on weather 

data and preemptively adjust shading devices to minimize 

heat gain. Similarly, the façade could respond to real-time 

occupancy data by optimizing natural lighting and 

ventilation to improve comfort and productivity for 

building occupants.

A case in point is The Edge in Amsterdam, designed by 

PLP Architecture. The building's façade is equipped with 

sensors that collect data on temperature, humidity, and light 

levels, allowing the building management system to make 

real-time adjustments to optimize energy use. Integrating 

AI helps balance natural and artificial lighting, ensuring 

occupants benefit from optimal light conditions while 

reducing the building’s energy footprint.

Several contemporary tall buildings showcase the 

innovative application of parametric and adaptive façade 

technologies. For example, the FKI Tower of 2013 in 

Seoul incorporates an adaptive shading system with 

louvers that adjust based on the sun’s position. This system 

reduces solar gain while maximizing daylighting, resulting 

in significant energy savings. The façade’s dynamic appearance

Figure 13. Al Bahar Towers, Abu Dhabi, UAE (Aedas 
Architects, 2012). A prime example of adaptive façade 
technology, featuring dynamic, responsive shading screens 
that enhance building performance by reducing solar gain and 
optimizing occupant comfort. (Sketch by K. Al-Kodmany).
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also enhances the building’s aesthetic appeal, making it a 

landmark in Seoul’s skyline. 

Designed by Zaha Hadid Architects, the Morpheus Hotel 

of 2018 in Macau features an exoskeleton façade created 

using parametric design. The façade’s lattice-like structure 

serves as a visual focal point and provides structural support, 

allowing for expansive, column-free interior spaces. The 

building’s design exemplifies how parametric modeling 

can create functional and aesthetically daring structures 

(Ding and Kareem, 2020).

13.3. Paradigm Shift in Architecture

Facades have come a long way since their earliest days. 

The shift towards parametric and adaptive façades represents 

a fundamental change in how buildings are designed and 

constructed. Their façades blur the line between structure 

and technology, transforming buildings into dynamic 

systems interacting with their environment. As architects 

and engineers continue to explore new possibilities, the 

future of façade design will likely focus on creating 

structures that are not only visually striking but also deeply 

functional, sustainable, and adaptable.

In this new architectural paradigm, façades will no 

longer be passive exteriors but rather intelligent, responsive 

systems that play a central role in the building's perfor-

mance and identity. As we move further into the 21st 

century, the convergence of smart materials, AI, and data 

analytics will continue to drive innovation in façade 

design, pushing the boundaries of what is possible in 

building construction and reshaping the urban landscape to 

meet the challenges of a rapidly changing world (Ali and 

Al-Kodmany, 2012).

15. Concluding Remarks

The evolution of façades in tall buildings is a compelling 

narrative of ongoing innovation driven by the dynamic 

interplay of aesthetics, technology, and environmental 

considerations. Each era of architectural design has left its 

mark on the skyline, as façades have transformed from the 

heavy, load-bearing masonry exteriors of early skyscrapers 

to the lightweight, transparent curtain walls that define the 

modernist architectural style. Following this, it has evolved 

into postmodern, succeeded by a pluralistic style (Beedle et 

al., 2007). These changes reflect advancements in 

engineering and materials and shifts in societal values and 

technological capabilities. 

In the late 19th and early 20th centuries, the rise of steel-

frame construction liberated façades from their structural 

role, allowing architects to explore new possibilities in 

design and expression. The latter part of the 20th century 

saw a reaction against the starkness of modernism, as 

postmodernism reintroduced ornamentation, color, and 

historical references into façade design. Architects began to 

play with scale, proportion, and materials in new ways, 

creating façades that were functional but also whimsical 

and expressive. This period highlighted the façade's role as 

a canvas for architectural storytelling, where past and 

present could coexist in a single building.

In the early 21st century, digital technologies, growing 

awareness of environmental sustainability and emphasis on 

performance ushered in a new era of façade design. 

Powered by advanced computer modeling, parametric 

design created complex, organic forms that would have 

been unimaginable with traditional methods. These façades, 

often generated by algorithms, are highly customized and 

responsive to their environment, optimizing energy perfor-

mance and reducing environmental impact. Simultaneously, 

the development of adaptive façades marked a significant 

leap forward in integrating technology and architecture. 

These façades, equipped with sensors and intelligent 

materials, can adjust in real-time to changing environmental 

conditions, enhancing energy efficiency and occupant 

comfort. 

Looking to the future, the continued evolution of façades 

promises to transform our urban landscapes further. The 

ongoing advancements in after materials science, nano-

technology, AI, and sustainable design practices will 

enable architects to push the boundaries of what is 

possible, creating façades that are elegant, intelligent and 

adaptable. These façades will play a critical role in 

addressing the challenges of climate change and urbani-

zation as cities worldwide seek to build taller, greener, and 

more resilient structures.
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