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1. Introduction 
In this assignment I will be looking into two construction case studies, one of which is formed using a steel structure, and the other of concrete. 
I will be looking at all stages of both build, from the initial design and erection of the structures. To their completion and ability to adapt if needs be. 
Both materials are among the most common methods of building within the construction industry across the world. 

2. Steel Frame Structure
i. For my steel frame structure, I will be looking at the Willis Tower based in Chicago, America. The tower stands at 442 metres high and is an extremely popular tourist attraction to visitors throughout the year. On average, 1.7 million people visit the Tower annually. 

[image: skydeck chicago ledge]The building is made up of 110 storeys, which previously was the worlds tallest building, holding the reigns for 25 years. The building opened back in 1973. Due to the development of architecture, the Tower is now the 23rd tallest building across the globe. 
Text 1(Office, 2018)

The building is renowned for its Skydeck, looking across the whole of Chicago. 
(Tahlier, 2017) Figure 1

ii. [image: ]The lead designer of the Willis Tower was architect Bruce Graham, closely assisted by Fazlur Rahman Khan who was the engineer. 
Text 2(Jacobson, 2024)

The build took 3 years from start to finish and was durably designed using a system called ‘Bundled Tube’ (a structural system which consists of several tubes tied together to resist lateral forces). 
(Fu, 2018)
This system is most commonly used in tall buildings, and is considered an extremely cost effective way of constructing.

This method of construction was designed to mitigate all issues within the area.              
Figure 2 (Kalam, 2019)
Due to the high temperatures throughout the year in Chicago, the thermal expansion of the building would have been a key component throughout the design stage. The expansion and contraction of the steel needed to be limited to ensure no building collapse or lean occurs. 

Also, the wind loads, Chicago is renowned for its high-speed winds (the ‘windy’ city). Therefore, the number one mitigation technique would have related to this. Structurally sound from the foundations to the highest point at the top of the spire. 

These wind loads would’ve determined the reasoning behind using the bundled tube system. Made up of a number of narrow towers linked together, ensures the wind speeds could be deflected in different directions away from the building. 

iii. [image: A high angle view of a skyscraper under construction

AI-generated content may be incorrect.]When constructing a steel structure, both beams and columns are used as the main structural framework, most commonly tied together by plates and bolts.

Due to the steel being a heavy weight, a crane will be required to move the materials around the site and hold the beams / columns into place for the fixers to tie them together. 
Figure 3 (Shapiro, 2018)

Due to the steel being prefabricated, the process of building is reduced by 30%. The primary framework is assembled firstly, giving the building its stable structure. This is done by the columns and beams being bolted to the anchor points, which secure the frame to the foundations. 

iv. Steel is the main component of this structure. Its high strength and durability properties are 2 of its main characteristics and these can be the difference between choosing the material or not. 

Its high tensile strength ensures an excellent strength to weight ratio. Due to the mixing of Carbon during the production process, steel is able to hold extremely high stresses and pressures without breaking or deforming. 


v. The production of steel is a complex process, Coal (coke), limestone, and iron ore are heated in a blast furnace to produce liquid iron, which is then used to make steel. 
[image: A diagram of a steel mill

AI-generated content may be incorrect.]To make steel, this hot iron is subsequently cleaned and combined with additional ingredients in an electric arc furnace (EAF) or basic oxygen furnace (BOF). After cooling, the liquid steel is formed into large shapes like slabs, bars and columns. 


Figure 4 (Features, 2017)
These are then rolled and cut as 
per the design by the architect. And finally, checked thoroughly to ensure the required structural standards are met.

Steel has a number of effects on both the wide and local environments, the main issue is the release of carbon dioxide and greenhouse gas emissions into the atmosphere. This is caused by the burning of fossil fuels in order to melt the steel to mould into shape. 

vi. Using steel as the main structure of a building is highly determined on the minimal time needed to erect the buildings main frame. It is an extremely time efficient building technique which is recognised by large contractors to push projects through at a quicker pace. 

As steel is strong, flexible, and easy to deconstruct and reassemble, it can be used repeatedly. Steel buildings and constructions can have components like beams and columns that can be cut or unbolted, transported, and reused. Because it can be recycled and used repeatedly without losing its strength or quality, steel is an extremely practical and environmentally friendly material. This reduces waste and helps save money and resources.
[image: Iron and steelmaking are thought to be the single largest source of industrial pollution, with up to 9% of all direct emissions from fossil fuels (Credit: Shutterstock)]


Figure 5 (Johnson, 2020)



Because steel production releases a lot of carbon dioxide (CO₂) and other pollutants including sulphur dioxide and nitrogen oxides, it has a substantial negative impact on the environment. 
Additionally, the process contributes to climate change because it uses a lot of energy, frequently from fossil fuels. While water use in steel production can put a strain on local resources and result in pollution from chemical runoff, mining for iron ore, a crucial element, can cause habitat damage and land degradation.
Large volumes of slag are also produced by the process, which must be controlled.



















3. Concrete Frame Structure
i. For my concrete frame structure, I will be looking at the Burj Khalifa which is a skyscraper in Dubai, standing at a total height of 829.8 metres. The Burj Khalifa is the tallest structure on the planet. 
The Burj Khalifa cost $1.5 Billion to construct. 
[image: ]The 163-story skyscraper houses the Armani Hotel, offices, opulent apartments, and observation decks with breathtaking city views.

Figure 6 (Dzidic, 2018)

ii. In terms of design, the Burj Khalifa was designed by Adrian Smith in 2003. There were main limiting factors that both the architect and engineer needed to mitigate and look into, due to the location of the building: 
Due to the height of the building, they opted to use a ‘buttressed core’ system, which consists of 3 wings spanning in different directions, all connected to a centre core which would distribute the weight evenly across the structure as a whole. 
They also chose to use a high-performance concrete instead of steel due to the extreme exposure to high heat temperatures in Dubai, due to steel being prone to expansion when exposed to heat over time. 
Another key factor as to why the architect opted with concrete for this structure was the speed of construction, they used a ‘jump-form system’ which is a quick and efficient method. It is estimated that it only took 3 days per floor to construct. 
Text 3(Risen, 2013)

iii. [image: ]When erecting a concrete frame there are 3 main components that make up the structure: beams, columns and slabs. The beams and columns give the building its frame, and the slabs are used as floors. 

Figure 7 (Zordan, 2015)


All of the above components will be precast and reinforced with steel to upgrade the key components of the material and its ability to withstand the pressures of the main structure. 
The extreme height of the Burj Khalifa required many large cranes, some of which would reach up to 600 metres in height. 
Text 4(Hafza, 2024)
However, cranes weren’t the only method to get materials up to the higher floors, high speed elevation lifts were also used to get materials up to the workers. 
Using concrete for the main structure, ensured the construction would complete in the shortest time possible. Incredibly, the structure was complete in 6 years. 

iv. Concrete was a good choice of material to construct the Burj Khalifa, due to concrete being minimal to maintain, the height and size of the Burj Khalifa would’ve caused major problems if the structure had high levels of maintenance due to issues. 
Concrete is a very strong and durable material, which can support extremely heavy loads, this is a perfect match when looking at the heavy load of the Burj Khalifa. 
Concrete is also a energy efficient material, as it has a high thermal mass, maintain the indoor temperature and reducing the heating and cooling costs of structures. 

v. [image: ]Concrete is cast in reusable moulds in a controlled manufacturing setting to create precast concrete. For increased strength, pre-made moulds are first filled with prestressed cables or steel reinforcement. After mixing and pouring concrete into the moulds, air bubbles are eliminated by vibrating the mixture. 


Figure 8 (Facilitator, 2020)


To guarantee strength and longevity, the concrete is cured under carefully monitored circumstances. After curing, the components are taken out of the moulds, finished as required, and quality checked. 

vi. Concrete frame construction employs a straightforward building technique using reinforced concrete slabs, beams, and columns, it is quick and uncomplicated. The procedure is simple: the building's skeleton is made up of columns and beams, and its floors are made of slabs. 
The building is made sturdy and long-lasting by pouring concrete into formwork, or moulds, and allowing it to solidify. For big buildings, bridges, and parking structures, this approach is perfect since it is adaptable, fire-resistant, and able to carry large weights. 
[image: ]



Figure 9(Archicgi, 2025) 
Additionally, construction becomes even quicker and more economical with precast parts.
The concrete structures elements are not able to be re-used, however, the concrete can be broken down and crushed into smaller pieces, forming ‘recycled concrete aggregate (RCA)’which can be used for new concrete production, aggregated for land fill and foundation layers. 
Text 5(Kupfer, 2022)
Concrete production can have a number of detrimental effects on the environment, such as excessive water use that can put a strain on local resources and air pollution from the cement industry, which produces dust and CO₂. 
While concrete plants add to noise pollution and high traffic, the extraction of raw materials like sand and gravel can cause habitat damage and erosion. 
Furthermore, a "heat island" effect can raise temperatures in cities due to concrete's capacity to absorb and hold heat. Using recycled materials and other sustainable measures can help lessen these effects.
Text 6(Mohajerani, 2018)

















4. Advantages & Disadvantages Table
Please see below, my tables of both materials advantages and disadvantages. 
i. Steel Framing 
	Advantages
	Disadvantages

	High strength and durability values.
	In Certain Environment Steel Can Rust Easily. 

	Good Resistance To Fire.
	Material Costings.

	Can Be Re-Used In The Event Of Design Issues. 
	Steel Reinforcement Can Increase Costs And Time. 

	An Eco-Friendly Material Production.
	Thermal Conductivity. 

	Design Flexibility.
	



ii. Concrete Framing 
	Advantages
	Disadvantages

	Low Maintenance
	Slow Construction Process

	Highly Water Resistant
	Low Weight-Strength Level

	Low Energy Consumption During Produce
	Low Tensile Strength

	High Fire Resistance Value
	Prone To Efflorescence
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