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THE COMPARISON BETWEEN CONCRETE AND STEEL FRAME BUILDINGS
     
ABSTRACT
There are many considerations that engineers must make when deciding the type of frame that should be implemented into a specific building. These considerations are crucial to keeping the public safe. How do civil engineers know if a steel or concrete frame is more appropriate for a certain structure? The aim of this report is to analyse two structures, one with a steel frame and another with a concrete frame, taking into consideration its strengths and weaknesses to help understand when each frame should be used depending on the environment of the structure and its purpose.
Tom Butterworth (2409888)
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Figure 1- Willis Tower Skyscaper (Ezra Stolle, n.d)
Figure 2- The Burj Khalifa, United Arab Emirates (Cortex Middle East, 2019)
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1.0 Concrete Frame, Burj Khalifa      
      1.1 Construction                            
[image: A diagram of a structure

AI-generated content may be incorrect.][image: ]The Burj Khalifa was and still is revolutionary for its time, being the tallest habitable building in the world at 828 Metres (Nokav, 2023). The core frame of the Burj Khalifa was constructed using reinforced concrete which contains steel bars which allows it to support its own weight and any external forces acting upon it (Dubai BM, n.d). The skyscraper was made as a representation of the United Arab Emirates (UAE). One of the architects of the projects, named Adrien Smith, designed the building to resemble the shape of a Hymenocallis flower, a flower that is native to the area (Institute of Civil Engineering, n.d). The Burj Khalifa was built in a Y shape, as shown in figure 3, as it had greater resistance to wind (The Constructor, n.d). When increasing in height, the wind speed similarly increases due to friction decreasing and the gravitational affect being lessened (Moran, 2024). The Burj Khalifa implements the ‘buttressed core’ system which is constructed using a high performance concrete wall, as shown in figure 4 (The Constructor, n.d). Due to its extreme weight of 500,000 tonnes (Guglielmi, 2024), it was imperative that the underground supports were able to withstand this weight and more, taking into consideration population weight and external natural forces such as the wind at that height. The Burj Khalifa sits upon a raft foundation which is 3.7m thick as well as being supported by bore piles with a diameter of 1.5m which extend 50 metres under the main foundational raft (The Constructor, n.d). Similar to the Willis tower, the skyscraper implements the bundled tube system to resist the winds (Berkheimer-Lubeck et al, n.d) Figure 4- Buttressed core system (Ali and Al-Kodmany (2022)
Figure 3- Cross Section plan of Burj Khalifa (The Constructor, n.d)

The Burj Khalifa is made of a record breaking 330,000 cubic metres of concrete, containing 39,000 metric tonnes of steel as a reinforcer (Sage-Advices, 2020). The concrete framing for the skyscraper was granted a C80 grade for its strength, having a young’s modulus of 43800N/mm2 (The Constructor, n.d). During construction, the mix of the concrete was important to consider due to the UAE’s extreme climate. The aggregate used for the concrete of the Burj Khalifa was approximately 50% of its total volume along with introducing fine dune sand to improve its cohesion (Aldred, 2010). With finer aggregates, there was found to be lower levels of shrinkage in the extreme heat (Aldred, 2010). The concrete frame was put into place using the words biggest concrete pump at the time (The Constructor, n.d), namely the BSA 14000 SHP-D which was designed by Putzmeister (For Construction Pros, 2010). The pumps managed to push the concrete to a height around 600 m (The Constructor, n.d).
Furthermore, with the high heat of the UAE, Civil engineers still had to consider the possible evaporation of the concrete. This is why the concrete pours were conducted during the night which allowed it to set and then eventually harden before the sun evaporates the moisture from the concrete, which can cause cracking in its structure which can lead to failure (Mariam, 2024). To further reduce this issue, ice was added to the concrete mix (Mariam, 2024). When working in high heat climates, it is important to create the right mix of aggregates, cement and water (Pro Mix Concrete, n.d). Every concrete pour needs to be different as every site has different environmental conditions and climates. Concrete has a very low workability and potential to be modified. This means that the structure of the Burj Khalifa can never be fully adapted oppose to steel framing. Once concrete is poured into a specific shape, it is almost impossible to modify. However, it was decided that a concrete frame was to be used due to its overall compressive strength, flexibility and durability (Lueste, n.d). Concrete framing has a long lifespan, being around 50-100 years. This can only be achieved with regular maintenance and a good quality of mix and (Pro Concreting, 2025). 

[image: ]1.2- Environmental Impact
It was also important that the Burj Khalifa was built to be sustainable for the environment and for the future. The world’s tallest building was constructed with environmentally friendly materials such as the reinforced concrete which reduces the number of materials needed, reducing its carbon footprint (Designhub1610, 2023).  The skyscraper is made up of recycled and locally sourced materials which helped to reduce the travel of materials (Designhub1610, 2023). The Burj Khalifa also incorporates complex cladding, such as 26,000 glazed glass panels containing aluminium stainless steel (Commercial Interior Design, 2023) which helped reduce the solar glare, negating the need for air conditioning units (Betterview Tourism, 2023). Figure 5- Burj Khalifa under construction (Britannica, 2006) 

In contrast, the Burj Khalifa has regularly been accused of having ‘vanity height’, with 29% of its height being completely decorative, containing 4000 tonnes of structural steel in its inhabitable spiral (Helal and Trabucco, 2024). On average, per tonne of steel produced, 0.4- 0.7 tonnes of CO2 is produced (Pinna, 2025) which means the steel from the decorative spire exclusively caused between 1600 and 2800 tonnes of CO2 into the atmosphere. 

2.0- Willis Tower, Steel Frame
     2.1- Construction
Steel framing has always played an important role in the development of Chicago’s skyline, first being used for the Home Insurance Building which was completed in 1885 (Architecture, n.d). This helps the Willis Tower blend into the Chicago skyline whilst being its main centrepiece. The exterior glass also helps it blend into its skyline. Being constructed between the years 1970-1973 in Chicago (Skydeck, n.d), it contains 110 storeys and is not only of the tallest buildings in the world, being eighth (Skydeck, n.d), it is the tallest freestanding steel framed building in ever constructed, standing at 442m (Construction Week, 2020).it took on the 7000 employees of Sears, giving work to the local communities (Tallest Building, 2025). In 2019, the Willis Tower permanently employed over 15000 people in various roles.[image: ] With the amount of steel needed for the construction of the framework, it could not be fully assembled on site (SOM, 2017)  due to the Willis tower being in the centre of Illinois biggest city, containing over three million people according to the 1970 census (Biggest US Cities, n.d). To combat this issue, the steel frame was pre-assembled off site and later incorporated into the frame (SOM, 2017). The steel that was used to construct the frame had a yield strength of 50,000 psi (Discrete Construction, 2023). As Chicago is known as the ‘windy city’, it was important that the framing choice was wind resistant. Steel framing’s resistance to wind and other storms in comparison to its weight make it the most realistic and reliable framing choice (Glynn, 2024).Figure 6- Early construction of the Willis Tower (Flemming, 1971)


[image: ]The lightweight skin of the building, consisting of black aluminum and glass tinted with bronze was used as an insulator between the interior and exterior, aiming to maintain a relatively unchanging temperature which would reduce the contraction and expansion of the structural steel frame (SOM, 2017). With such an intricate design, it was crucial only the best architectures worked on this project. The Willis Tower, formally known as the Sears Tower, was principally designed by Skidmore, Owings & Merrill (SOM) with Bruce Graham as lead architect (Buildings DB, n.d). The construction of such a large and revolutionary structure called for innovation. The structural designed, named Fazlur Rahman Khan designed the tube method in 1960 which was first implemented in the construction of the DeWitt Chestnut Apartment building, also located in Chicago (The Constructor, 2021). The Willis Towers construction was the first mainstream  tube construction to use the bundled variation (The Constructor, 2021). The method consists of nine 75 by 75-foot column free tubes at the foot of the structure that forms a cellular tube frame (SOM, 2017). The nine structural tubing frames which are each able to support themselves without any internal supports rest on reinforced concrete which extends down to then bedrock (SOM, 2017). All 9 tubes in the system reached up to the 50th floor, with fewer reaching the top floors which resulted in the layered design of the Willis Tower, as shown in figure 1 (Archeyes, 2023). This helps distribute the wind loads more equally across the structure (Engineers and Architects of America, 2025). The exterior of the Willis tower is designed to withstand any lateral forces acted upon it, such as wind, which allows the internal structure focus on resisting gravitational forces (The Constructor, 2021). The core frame contains beams or trusses which help transfer any loads across the skyscraper (The Constructor, 2021) Figure 7- The DeWitt Chestnut Apartment Building in Chicago (The Constructor, 2021)

Using the Cellular tube frame method allowed less steel to be used which helped lower the cost of the project (Archeyes, 2023). This system was later used with the construction of the previously mentioned Burj Khalifa. The Willis tower sits upon a caisson foundation which sits 100m under the ground through soil and clay (Discrete Construction, 2023). The Willis tower was designed to ‘work with the wind’. With Chicago’s infamous high winds, the skyscraper was designed to gently sway in the wind (Discrete Construction, 2023). As of 2020, The Willis tower uses this wind to ensure that 100% of its energy is fully sustainable with its partnership with Dynegy (Dosko, 2020).
For buildings to continue to develop and grow, the buildings framework must have high levels of workability. Unlike structural concrete, steel framework has high levels of versatility which allows for the building to be adapted if required, which cannot happen with concrete (Building Materials, 2022). Steel has a very long-life expectancy depending on its level of maintenance and environmental conditions (National Steel Buildings, n.d). Steel framing with regular inspection can last upwards of 100 years as steel is very durable, resistant to rot and able to withstand extreme forces (National Steel Buildings, n.d). 

2.2- Environmental Impact
 The Willis Tower has become a significant structure in the skyline of Chicago for its impressive size, iconic design and its sustainability (Archeyes, 2023). In recent years, the structure has undergone many economical developments, costing around half a billion dollars (Facilities Net, 2023). The renovations included the installation of modern HVAC (Heating, ventilation, and air conditioning) technology which helped reduce the buildings energy consumption by around twenty percent, the introduction of new toilets, sinks and urinals which helped reduce the water usage by up to thirty percent, and the replacement of hot water generators with a natural gas generator that produces hot water for the building (Facilities Net, 2023). In 1993, the tower started a paper recycling program which now saves around 445 tonnes a year, or the equivalent of 3500 trees worth of paper (Skydeck, n.d).

3.0- Advantages and Disadvantages of Steel and Concrete Framing
      3.1- Steel Frame Strengths and Weaknesses 
	Strengths of Steel Framing
	Weaknesses of Steel Framing

	Steel frames can keep their structural integrity in a fire until around 550 degrees celsius where is loses 50% of its strength (petrofast, 2025). 
	Steel buildings have poor thermal insultation compared with concrete (Integrity Steel Buildings, n.d). When steel gets too cold, it becomes brittle and can enter plastic deformation (Inoxmare, 2016). 


	Steel frames are pest resistant and don’t have rot like timber framing (GLW engineering and construction, n.d)
	Despite being rot and damp resistant, steel framing can rust if not properly maintained and can affect its structural integrity (Steel Frame Building Supplier, 2024) 


	[bookmark: _Hlk193703818]Steel framing can be recycled after use without losing its strength (integrity steel buildings, n.d)

	Producing steel for structural framework can contribute to the release of carbon dioxide and increasing its carbon footprint (Steel Frame Building Supplier, 2024)


	Steel is very strong and durable, which means less steel is needed to bear the same weight equivalent (integrity steel buildings, n.d)

	Steel frame construction has a greater initial cost for the project as steel materials and labour costs are higher than concrete or timber (HPD Consult, 2019)


	Steel frames, which are usually prepared off site, having a reduced construction time (bpd construction, 2019)

	Steel frames can corrode, especially in areas near water which can affect the structures integrity (Steel Frame Building Supplier, 2024)

	Steel frames have a high degree of design flexibility and versatility to fit architectural needs (rigid academy, n.d)
	 




3.2- Concrete Frame Strengths and Weaknesses

	Strengths of Concrete Framing
	Weaknesses of Concrete Framing

	Concrete framing can moderate internal temperature, being a good insulator (Crafting with Concrete, 2025)

	Concrete has a low level of ductility, not being able to change shape for architecture (Civil Today, n.d)

	Concrete framing has a very long-life expectancy with proper maintenance, such as the pantheon in Rome, standing for nearly two thousand years (HPD Consult, 2020)

	Concrete framing has a high weight compared to its strength, as described by Civil Today (n.d) which means it will need stronger foundations to withstand the increased weight 

	Concrete is more cost effective than steel framing, costing around 25-30% less than its steel counterpart (Concrete Captain, n.d)
	In high temperature climates, concrete has the ability to crack which can significantly reduce its tensile strength (HPD Consult, 2020)


	Concrete framing has a high level of fire resistance as it isn’t combustible (Civil Today, n.d) 
	Concrete framing isn’t usually strong enough to withstand itself which means it usually needs steel reinforcement, especially in skyscrapers (Concrete Captain, n.d)


	Concrete has a high compressive strength compared to other materials like steel or timber (Natra Tex, 2024) 
	Concrete contributes to around 8% of all carbon emissions globally, meaning that this framing choice has a high carbon footprint (Concrete Captain, n.d)

	
	


4.0- Conclusion 
The purpose of this report was to analyse a steel frame construction and a concrete frame construction, namely the Willis tower and the Burj Khalifa and to investigate the strengths and weaknesses of each framing choice to help understand when each frame should be used.  Steel frames are much lighter than concrete frames which means the underground supports need to withstand less weight. However, a concrete frame is a cheaper option than steel frames by up to 30%. On the contrast, steel frames are much more diverse than concrete frames and are more beneficial from an architectural point of view. Steel can be formed into different shapes to fit the buildings design and can even be adapted to change the buildings purpose. These pros and cons must be taken into consideration prior to the projects beginning, taking into account the points mentioned in this report. 
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