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Abstract 

 Through our modern day technology we have been able to create the most extravagent 

structures.  These building of glory have tremendous aesthetic value, but are they durable?  Are 

these spectacular marvels such as the Burj Khalifa built correctly to endure natural forces or the 

strain we induce upon these skyscrapers? Structural engineers have been working to discover 

how to build durable skyscrapers.  By substituting old building materials with more innovative 

ones to give the skyscraper flexibility has made them last throughout the decades.  The 

technology and complex principles of math and science which we have today will further evolve, 

and we will create something greater than the Burj Khalifa, the tallest (828 m) free-standing 

structure in the world.  Through the use of formulas, this study shows that the Burj Khalifa is 

indeed durable despite its unstable appearance. 
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Background 

 From the beginning of time mankind has been destined for greatness.  Our world 

developed and our adaptation was the response we had for nature’s resistance.  Throughout the 

ages our footprints were left around the world.  Among the first was the Great Pyramid of Giza 

to the Petronas Towers and the Willis Tower.  With scientific and mathematic advances, modern 

technology has been upgraded with unlimited possibilities, and our steadfast determination and 

growing knowledge gave us the Burj Khalifa.  Standing at 828 m (2,716 ft.), the Burj Khalifa, 

located in Dubai, United Arab Emirates, holds these records: the tallest building in the world, the 

tallest free-standing structures in the world, the highest number of stories in the world, the 

highest occupied floor in the world, the world’s highest observation deck with an outdoor 

terrace, the elevator with the highest traveling distance in the world, and the tallest service 

elevator in the world (Pisc, 2009).   

Structural Engineering 

 Structural engineering is concerned with how a building stands—how durable is that 

structure.  This concept takes the properties of different building materials such as wood, 

masonry, concrete, steel, and even mixed construction into consideration of how a building’s 

structure is built to endure immense pressures, or loads (Quimby, 2007).  The Burj Khalifa is an 

extravagant trophy of our intelligence and achievements, but the building’s durability may have 

been sacrificed for beauty. 
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Loads 

 A load is the weight supported by a structure.  Considering a structure’s durability, the 

materials which a building is built from can hinder its durability.  When constructing such a 

complex building, the Burj Khalifa, loads were taken in deep consideration. 

 Dead Load 

  Dead loads are static loads which are defined as permanent elements within a 

structure.  The dead load of a structure is the gravitational force of every element within that 

structure.  Items such as floor and ceiling finishes, permanent partitioning walls, façade cladding, 

and mechanical distribution systems are considered to be dead loads.  A dilemma of discovering 

how heavy the permanent structures of a building are may seem simple; however, at the 

beginning stages of construction estimations of the dead load are not accurate (Beedle, 1986).  

The estimate of dead loads may be in error by fifteen to twenty percent or more because of 

various problems in making an accurate analysis of the loads. During the construction of a 

building specific nonstructural materials—prefabricated façade panels, light fixtures, ceiling 

systems, pipes, ducts, electrical lines, and components of special interior requirements—are 

included in the dead load along with weight stiffening elements and joinery systems for steel 

structures which are only estimated. 

 Live Load 

  Live loads differ from dead loads because they are variable and unpredictable.  

Depending upon what structure is in question live loads vary, and the change may be short-term 

or long-term.  Live loads include the amount of people that can use something, like an elevator, 

or the occupancy limit of a room.  This load is also known as occupancy loads, a form of live 

loads, includes the weights of people, furniture, movable partitions, safes, books, filing cabinets, 
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fixtures, mechanical equipment, etc.  Temporary loads, which are a branch from live loads, 

include loads which act upon a building but are not permanent (Beedle, 1986).  In a high rise 

building, like the Burj Khalifa, it is impossible to predict the live load conditions to which a 

structure will be subjected to.  The live load is not to be applied in the situation of having all 

rooms on a floor filled to maximize its occupancy, but live loads are meant to display differences 

between the limits of larger accommodations of a building and smaller rooms.   

 Construction Loads 

  Construction loads are the pressures inflicted upon a building’s structure due to 

the material it was built from (Beedle, 1986).  Contractors tend to stockpile on heavy building 

equipment for economical purposes, and the architect will not be aware of the contractor’s 

actions.  What the contractor does not know is that building may not be developed to hold such 

heavy materials.  This pernicious error could cause structural failures throughout a building. 

 Wind Loads 

  In the past skyscrapers were not built as complicated, but now in modern times, 

we must consider the forces of wind at higher altitudes.  The new skyscrapers are not heavy 

walls of brick, heavy stoned facades, closely spaced columns, and heavy partition walls which 

could withstand any wind force due to gravity (Beedle, 1986).  In the 1950s, glass-walled 

skyscrapers were erected throughout urban environments, but they could not function against the 

power induced by the wind (Beedle, 1986).  To combat the wind force skyscrapers were built 

with longer spanning beams, moveable non-load-bearing interior partitions, and non-load-

carrying curtain walls to reduce dead weight and become increasingly flexible.   
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Burj Khalifa 

 Foundation 

  In the foundation, the creators of the Burj Khalifa used a reinforced low 

permeability concrete mat under the base which is supported by reinforced concrete piles.  The 

concrete mat is 3.7 m thick and about 12,500 cubic meters of concrete was used in this mat 

(Emaar, 2009).  The piles used have a 1.5 m diameter and are forty-three meters long which are 

the largest and longest piles in that area.  In addition to the reinforced concrete base the Burj 

Khalifa also has a podium which acts as an anchor keeping the base of the tower to the ground.   

 Structural System 

  The spiraling “Y” shape of the Burj Khalifa was done to help reduce the wind 

forces which were induced upon the building and for simplicity so construction would not hold 

much difficulty.  The structural system is described as a “buttressed core” due to the high 

performance concrete wall construction and the wings buttress each other in a hexagonal hub 

(Emaar, 2009).  Walls of the corridor extend from the central core to the end of every wing 

which stops with thickened hammer head walls. These walls behave similar compared to the 

webs of a beam to resist the wind shears and moments.  Columns and a flat floor plate around the 

perimeter of the structure complete the system.  Stabilizing walls link the perimeter of the 

columns to the interior wall system which participate in the lateral load resistance of the 

structure; therefore, all of the vertical concrete is used to support both gravity and lateral loads 

(Emaar, 2009).   

Seismic Vibration Control 

 Seismic vibration control is the concept of reducing seismic effects upon building 

structures, and by doing so seismic vibration control reduced the damage earthquakes inflicted 



A Skyscraper’s Durability     7 

 

upon buildings. As seismic waves travel up through a building, the seismic vibration control 

technology stops the initial vibrations from traveling throughout the structure. However, seismic 

waves in the beginning of an earthquake are thwarted by seismic vibration control.  The 

remaining waves are still able to cause major damages, which is why seismic vibration control 

technologies are used. 

 Lead Rubber Bearing 

 Manufactured from large layers of rubber, lead rubber bearings are layers of rubber 

compressed together by two steel slabs with a solid lead plug in the middle of the rubber layers.  

Lead rubber bearings are designed to be stiff vertically and flexibly horizontally (Robinson, 

2010).  The lead center of the rubber layers disperse the earthquake’s energy and the rubber 

layers provided support and stability for the structure and isolated vibrations. 

 Tuned Mass Damper 

  These are typically concrete blocks mounted in skyscrapers or other structures 

with massive spring coils or hydraulic dampers which move in opposition to the resonance 

frequency oscillations of the structure springs, fluids, or pendulums (Andreas, 2009).  Tuned 

mass dampers are employed to prevent damage, discomfort, or pernicious structural damage 

caused by earthquake vibrations.  Stabilizing against sporadic vibrations, tuned mass dampers 

allow the inertia of a great mass to balance a lightweight component to moved opposite with the 

structure and prevented the structure from oscillating (Andreas, 2009) . If the axis of the 

vibration was fundamentally horizontal leaf springs and pendulum-mounted weights were 

employed. Tuned mass dampers are engineered to specifically counter harmful frequencies of 

oscillation or vibration. 

  

http://en.wikipedia.org/wiki/Leaf_spring
http://en.wikipedia.org/wiki/Pendulum
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Building Elevation Control 

 Building elevation control is seen in urban environments through pyramid-shaped 

skyscrapers which made this principle a valuable source of vibration control of seismic loading.  

The pyramid-shaped skyscrapers are popular because they showed stability against earthquakes 

and winds, and they also dispersed shear energies of a wide range of frequencies.  Reflections—

the changes in direction of a wavefront at an interface between two different media so that the 

wave front returns into the medium from which it originated from—are set in specific patterns to 

optimize the wind or earthquake quieting ability given to a structure by building elevation 

control.  Uniform story layers and a taper are generated by these reflections and transmissions of 

vertically propagating shear waves.  Changes of propagation of the waves’ speeds will result in 

dispersion of the wave energy to prevent resonant displacement amplifications in the building. 

Research Question 

 How durable is the Burj Khalifa? 

Methods 

 To test the durability, I began the calculations of the Burj Khalifa based upon the 

materials used during construction.  The Burj Khalifa has an outer structure of about 26,000 

glass panels which are composed of reflective glazing with aluminum and textured stainless steel 

spandrel panels and stainless steel vertical tubular fins; however near the spire the wind causes 

the tip to oscillate about 2.5 m.   

 

  
Figure 1.1 

http://www.absoluteastronomy.com/topics/Wavefront
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With the equation in Figure 1.1 c is the minimum clearance all round between the glass 

and sash to prevent damage from a failure mode, “ ” (2.5 m) is the distance of oscillation, b 

(32.88 m) is the width of the glass panel, and h (8.3 m) is the length of the glass panel.  

 

 

       The equation in Figure 1.2 explains the influence of building height on seismic forces.  

Coefficient C is expressed as the seismic coefficient, S (206 stories) is expressed as the total 

number of stories in a building, and N (81 stories) is represented as the number of stories above 

the one under consideration.   

 

  

The equation in Figure 1.3 represents the period of vibration of the building.  With H 

(828 m) being the height of the building and D (189 m) being the width of the building this 

equation allowed me to calculate the earthquake’s forces upon a building—smaller T values 

gives larger earthquake forces. 

Results 

My answer for the equation in Figure 1.1 was 0.9981 m, which is c.  The outer structure 

of the Burj Khalifa is made of flexible glass, but if they are too close together the outer structure 

Figure 1.2 

Figure 1.3 



A Skyscraper’s Durability     10 

 

will become a failure mode of the Burj Khalifa.  Coefficient c represents the minimum distance 

between each glass panel, and in my research I discovered that each glass panel has about 1.3 m 

between each other (Andric, 2009).  From the formula in Figure 1.2 the seismic coefficient C 

represent the maximum earthquake acceleration as a fraction of the acceleration due to gravity.  

My answer to this formula was 6.03 x 10
-4

.  Last, the answer to the formula from Figure 1.3 I 

found was 0.22, T, which is the period of vibration of a building.  Due to the immense height of 

the Burj Khalifa and relatively smaller width, earthquake forces travel throughout the building 

with tremendous force. 

Conclusion 

The Burj Khalifa is durable to endure normal pressures for extended periods of time.  To 

further enhance my studies I can test how the Burj Khalifa will respond to outside forces—like 

earthquakes—which could further test its durability.  Modifying a test to discover exactly how 

much more pressure could the Burj Khalifa endure would also be possible.  My study was 

limited due to time constraints and lack of mobility to explore skyscrapers and building sties 

personally. 
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