
1 

 

 

Lecture 1  

An Introduction to Tall Building 

 

Definition of Tall Building 

A building can be characterized as “tall” based on its absolute height, its relative height to the 

surroundings, or its slenderness. In an area of low rise buildings (1 or 2 story), a five story building will 

appear as tall. In large cities like New York or Sydney, a structure must pierce the sky around 70 to 100 

stories if it is to appear tall in comparison with its surrounding neighbors. ASCE 7-10 defines a building 

as low rise when its overall height is less than or equal to 60 ft.  The Council on Tall Buildings and Urban 

Habitats designates heights of 200m, 300m and 600m as the thresholds for “tall”, “super-tall” and 

“mega-tall” buildings. In the United States, a building taller than 23 meters is called a high-rise building 

according to the National Fire Protection Association.  

For a structural engineer, the definition of a high-rise building lies with the problems that are associated 

with the design of the building. As the buildings get taller and slender, their design becomes 

increasingly challenging. These challenges include the dynamic response of the buildings to wind and 

earthquake loads, both in the ultimate and serviceability limit states, and the differential axial 

shortenings of the vertical elements of tall buildings under gravity load effects.  A building is then most 

often considered a high-rise building when dynamic loads becomes relevant. In particular, the 

magnitude of the dynamic response is more significantly influenced by the overall slenderness of the 

building and the natural frequencies of its fundamental modes (i.e., the first two sway modes about 

the principal axes of the building and its first torsional mode) than its absolute height. In general terms, 

a flexible building can be assumed to be affected by dynamic loads while a rigid building is assumed 

not to. The acceptance criteria for a rigid building is when the fundamental frequency of the building 

is less than 1 Hz. However, tall rigid buildings can also have issues related to their design because of 

their height, this could for example be the need for construction stage analysis or special construction 

techniques. The overall slenderness of a tall building is usually defined by the ratio of height-to-least 

dimension of the plan.  

Historical Development of High-Rise Buildings 

Race and desire for the construction of tall and high structures existed from the period of early human 

civilizations. The architectural heritage and remains from early civilizations, are undeniable fact that 

construction of high and massive structures were the reflection of that contemporary society where it 

lived in. The Egyptian pyramids, Greek and Roman temples which introduced high, massive columns, 

human desire to express the power and wealth through building high and tall continued with European 

churches, towers and castles back in Late Middle Ages and Renaissance period lasting up to the 

contemporary ultra–high–rise buildings and skyscrapers. Since late nineties of the 19th century and 
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early twenties of the 20th century, high–rise buildings and structures were becoming everyday 

challenge and new direction for architectural, constructional and material technology development. 

Fig. 1.1 depicts the trend of constructing high rise structures since 2500BC to till date. The tallest 

pyramid in Egypt has a height of 480 ft (146 m). On the other hand, recently completed Burj Dubai   

having a height of 2684 ft (818m) comparing 162 floors is assumed world tallest building on earth to 

date. Earlier buildings that were built with heavy masonry walls was limited to certain heights by its 

own self-weight. With steel frames the masonry could be thinner and act only as façade for weather 

protection and taller buildings could be constructed. For contemporary societies worldwide, high–rise 

structures are becoming a common thing and inevitable part of new living style. Whether high–rise 

buildings function as commercial, residential or educational use of these forms of vertical architecture 

is becoming more and more popular.  

Today it is almost impossible to imagine a major city without tall buildings. As the most important 

symbols of today’s cities, tall buildings have become a source of faith in technology and national pride, 

and have changed the concept of the modern city along with its scale and appearance. Despite the 

fact that tall buildings have moved city life away from the human scale, in general it is accepted that 

these buildings are an inevitable feature of urban development.  

While cities like New York and Chicago can be considered as the birthplace of modern high-rise 

buildings, the history of multi-story construction is much older. Social, economic and technological 

developments in the latter parts of the 19th century created the environment for modern high-rise 

buildings to emerge in North American cities of New York and Chicago. Perhaps the two most 

important technological factors contributing to emergence of modern tall buildings were 

advancements in steel structures and vertical transportation (i e, lifts). The Home Insurance Building 

in Chicago is considered as the first steel framed gravity system used in high-rise construction (Fig.  

1.2 ). The replacement of thick masonry bearing walls -the common gravity resisting system up to that 

time- with steel columns allowed large windows and entries to be introduced on the perimeter of the 

building transforming the architecture and functional flexibility of common high-rise buildings. 

Fig. 1.1 Historical progress of tall structures 
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The Transit Building built in 1903 in Cincinnati, USA, is considered as the first “Reinforced Concrete 

skyscraper” (1968). This 16-storey building was built by monolithically casting the columns, floors and 

walls in concrete of relatively low strength by modern standards (f’c<20MPa). 

The chronology of other key technological advancement leading to tall buildings of today includes: 

1950’s: High-strength bolts replaced hot-driven rivets 

1950’s: Emergence of glass-metal curtain wall facade - United Nations Secretariat Building, NY (1952) 

1960’s: Electric arc welding dominated shop fabrication 

1960’s: f’c=40MPa achieved for concrete strength 

1970’s: f’c=65MPa achieved for concrete strength 

1990’s: f’c>100MPa achieved for concrete strength 

Contemporary High-Rise Buildings 

An increasing rate of urbanization in recent decades has seen an accelerated trend in construction of 

high-rise buildings worldwide, particularly in the emerging economies of the world. A fundamental 

driving force for the growth of tall buildings is the city centers are due to the scarcity of land in the 

densely urbanized parts of those cities. The race for the construction of tall buildings in mega cities 

around the world is another stimulus for the growth of tall buildings elsewhere (Fig. 1.3).  

These trends have put the structural engineers at the core of the design process for tall building 

projects. Whether it is in the choice of the lateral load-resisting structure (LLRS) and/or floor systems, 

or in the approach for integrating the structure in the overall geometry and architecture of the building, 

the decisions made by the structural engineer have a profound impact on the cost, amenity, 

constructability, and sustainability of tall buildings. 

Structural Material 

The structural materials used in high-rise buildings are typically one or a combination of (reinforced or 

pre-stressed) concrete, structural steel and composite systems. Structural material systems for high-

rise buildings should be chosen by carefully considering architectural, economical and site factors. The 

economic factors vary by geography as the relative costs of material, labor, time and space vary from 

Fig. 1.2 Home Insurance Building, Chicago (1885) 
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one location to another. Other factors to consider in choosing the structural material include: local 

market preference/availability, project size/height, building form (regular vs complex), design 

considerations (fire performance, dynamic performance, adaptability, and the like); site 

location/access, and speed of construction.  

Systems and concepts of tall buildings 

Ideally, in the early stages of planning a building, the entire design team, including the architect, 

structural engineer and the service engineers should collaborate to agree on a form of structure to 

satisfy their respective requirements of function, safety and serviceability. A compromise between 

conflicting demands are almost inevitable.  

Two primary types of vertical load resisting elements of tall buildings are columns and walls. Walls are 

more often divided into shear walls and cores. The inevitable primary function of the structural 

elements is to resist gravity load. As the load of each floor of a buildings is somewhat remains constant, 

the gravity load in a column increase linearly down the height of the building. Another function of 

vertical elements of a building is to resist lateral loads, generating from wind or earthquake. The 

magnitude of wind and earthquake loads are taken from relevant build codes and standards.     

Lateral Load Resisting Structure (LLRS) 

It can be said that there are as many types of lateral system as there are engineers! However, most 

of the conventional lateral load resisting systems can be grouped into three basic types: (1) Shear 

wall system, (2) frame system and (3) Combined of shear wall-frame system (dual system). Perhaps 

the most common of these three for design a building taller than say 40 story is the dual system. 

However, “core-only” type system without a framing is evolving in recent design practice for tall 

buildings.   

The lateral load resisting system also referred to as lateral stability system consists of all structural 

elements which form part of the load path(s) for transmitting the lateral effects of all loads (wind, 

earthquake, eccentric gravity effects, unbalanced lateral earth pressures loads) from their sources to 

Fig. 1.3 Progression of the world tallest buildings 
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the foundation in any direction. These elements typically include walls, beams, columns, floor 

diaphragms, and footings. 

Typical forms of lateral load resisting systems (LLRS) for tall buildings include but not limited to: 

Core and Frame (common for office buildings) 

Core and Shear Walls (common for residential buildings) 

Core and Outriggers (used in office/residential buildings) 

Core and Belt Truss Frame (used in office/residential buildings) 

Trussed Tubes (used in tall to super-tall buildings) 

Bundled Tubes (common solution for super-tall building) 

Fig. 1.4 shows some of the common structural forms for a particular height of a building.  All these 

structural forms will be discussed more detail in Chapter 6.  

 

Gravity Structure 

The gravity structure of a high-rise building comprises of all structural elements which form part of the 

load path(s) for transmitting the vertical effects of gravity loads (ie, dead and live loads) from their 

sources to the foundation. Elements of the gravity structure typically include floor slabs, beams, 

columns, (bearing and transfer) walls, and footings. Optimum design of typical floors is often a critical 

aspect of the high-rise building design owing to the cumulative benefits that can be realized by 

reduced self-weight and structural depth (in terms of floor-to- floor height). However, as the design of 

the typical floors get optimized for their strength as ultimate limit state(ULS) performance, their 

service limit state (SLS) performance in terms of deflections and vibrations becomes more dominant. 

This requires the floor vibration adequacy to be verified by resorting to computational mechanics 

where peak acceleration response factors are obtained and compared with tolerable limits in terms of 

human perception.   

Fig. 1.4 Various types of structural forms for different building heights 
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Design of taller building can be affected by the differential shortening of its vertical structural elements 

under gravity loads. This is particularly critical when vertical elements are of reinforced concrete 

construction. Vertical concrete elements shorten differentially over time due to differences in elastic 

strains, shrinkage and creep effects. In particular, the core walls tend to shorten less than the tower 

columns. This is due to the fact that the permanent gravity stresses and strains in a core wall group 

(which form part of the LLRS) are often significantly lower than those of the columns which have a 

primary gravity load resisting function. Lower axial stresses will also lead to lower creep deformations. 

Furthermore, the core walls are typically constructed ahead of the columns. Hence, they are subjected 

to earlier shrinkage and creep effects. The net result could be a significant long term differential 

shortening between these elements. 

High-Rise Buildings for Tomorrow 

Although the drive to deliver good functional and economical design for high-rise buildings is unlikely 

to change fundamentally, the focus on producing energy efficient and sustainable design is expected 

to increase at an accelerating pace. This is a response to the fact that buildings consume 40% of energy 

use, 40% of material use, 30% of waste generation and 15% of water use globally, and that tall buildings 

are proportionally more material- and energy- hungry than lower rise buildings. In high-rise buildings 

the structure is a large portion of the overall cost and embodied energy, and hence, the structural 

engineer can significantly influence the overall sustainable design outcome. Sustainable structural 

design goal can be achieved by addressing the three objectives: Reduce, Reuse and Recycle. Advanced 

analysis and design methodologies are allowing us to design increasingly more efficient structures 

(with just the required amount of material and no more). Also, new material technology is opening the 

way for reduction of embodied energy per unit of material (in terms of transport energy, sustainable 

supplies, and the like). The use of industrial by-products such as fly-ash, slag and silica fume as cement 

substitution can drastically reduce the embodied energy of concrete. 

“Reuse” is about adapting the use of a high-rise building while keeping the original structure. There 

are growing examples of reusing of high rise buildings. To achieve future reusability of high-rise 

buildings, an important design consideration is provision of “planning flexibility.” This can be achieved 

in the design phase by generous choice of structural grid, live load allowances and the like (ie, use 

longer spans and larger live load that are more adaptable to future reuse). The emergence of BIM as a 

repository of information for asset management (as-built drawings, mill certificates and the like) is also 

expected to facilitate future reuse opportunities. Future high-rise buildings are likely to be designed 

with more consideration for recyclability of structural components (beams, columns, etc). The other 

growing trend is in offsite fabrication of high-rise buildings. As labour costs escalate relative to material 

costs and as the construction safety and quality gain increasing attention, solutions involving 

prefabricated or manufactured structural components and building modules are gaining increasing 

popularity. There is a growing trend in construction of high-rise building from fully modular systems. 

The new way of understanding and analyzing the structural systems. Key role in their classification was 

location of main structural system, where the structures can be interior or exterior. In catching up with 

contemporary trends and futuristic approaches, this classification on exterior and interior structures 
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seems as updated, and shows Khan’s classification as highly confusing and hard to incorporate with 

contemporary advanced material technologies which are more integrating composite structures, than 

steel or concrete individually.  

in height, and still requires the safety and sustainability in order to give and to receive positive 

sociological aspect to their inhabitants.  

Despite the initials and constant skepticism of the public and expertise towards the high–rise buildings, 

the construction technology development has brought high–rise buildings to a new level, where it is 

not the one building in question, but the entire system of livable cities. This rough history of the high–

rises had numerous turnovers in the use of structural materials, systems and vertical communications, 

and they were basically all leading to constructing a safer environment for tenants, providing more 

resistant structures that were well designed, variable, impact and wind loads resistant, and seismic and 

fire resistant.                                                                                  

 


