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Introduction 
The aim of this project is to analyse a steel frame building highlighting the designs of the building, the benefits of using a steel frame and the impacts it has on the surrounding environment. I will include all relevant information on the building which I have selected, including the durability, the location, the environmental impact and the purpose of the building. The building I have chosen is the Willis tower.

The Willis tower
Willis Tower, formerly (1973–2009) Sears Tower, skyscraper office building in Chicago, Illinois, located at 233 South Wacker Drive, which is one of the world’s tallest buildings. The Sears Tower opened to tenants in 1973, though construction was not actually completed until 1974. Built for Sears, Roebuck and Company, the structure reaches 110 floors and a height of 1,450 feet (442 metres), excluding broadcast antennas and their supports, and provides more than 400,000 square metres (roughly 4.3 million square feet) of floor space for offices and other activities. The architectural firm of Skidmore, Owings & Merrill (SOM) was responsible for the design and construction of the tower; Bruce Graham served as architect and Fazlur Khan as structural engineer. (Osmond, 1998)

The frame
[image: See the source image]The Willis tower is built of welded vertical tubes made from steel that support one another. Steel is often used for large buildings due to its immense strength and durability. Steel frames are also known to have great flexibility which is very useful in the construction of the Willis tower to help prevent any possible damage to the building. The Willis tower suffers from harsh winters, damp air, moisture and ice which would cause a lot of problems for a concrete frame building. Creating the Willis tower out of steel was a sensible idea as they have used weather resistance steels to help protect the building.  The Willis tower is made from steel tubes that are all different lengths and widths to help the building provide the rigidity needed to limit the natural effects of the wind.

The tower is made up of a three-by-three grid of nine tubes rising to four different heights and connected three sections along the way up. The nine tubes support one another, strengthening the structure as a whole. And the variation in tube heights disrupt the force of the wind. (Know about the wind-resistant architectural designs in Chicago including the bundled tube system used in Willis Tower, 2015)
The Willis tower tubes rests on reinforced concrete caissons that reach bedrock level. The first 50 stories of the Willis tower are bundled together before terminating at varying heights to create the towers distinctive design.


Production of steel frame;
Steel is typically produced in one of two ways;
1. [image: http://www.bcd-urbex.com/wp-content/uploads/2016/01/redcar-blast-furnace-25.jpg]Blast furnace: The blast furnace process, also known as the basic oxygen process (BOP), combines raw iron ore with small amounts of steel scrap metal into a furnace. Then, pure oxygen is blown into the furnace, raising its temperature. Not only does the scrap metal melt into a liquid at this temperature, but the iron’s impurities are also oxidized, evaporating completely. Additionally, the high temperature reduces the carbon content down to its ideal ratio, resulting in liquid steel. (kay, 2015)

2. [image: https://www.gfgalliance.com/wp-content/uploads/2021/01/EAF-restart-scaled-1-1440x810.jpg]Electric arc furnaces: In the electric arc furnace (EAF) method, high-current electric arcs from electrodes melt large quantities of steel scraps into liquid. While the steel scrap metal is melting, the technicians add in other ferroalloys until the metal liquid reaches its desired ratio of steel to other alloys, such as chromium and nickel, which form stainless steel. To purify the steel, the furnace then blasts in oxygen, and lime and fluorspar are added. These substances combine with the steel’s impurities, turning into slag. The slag then floats to the top of the molten steel where it is removed, leaving behind the pure steel.
(Reed, 2020)

The production of steel has a severe environmental impact. The making of steel from pure iron ore is one of the most energy consuming and c02 emitting industrial activities in the world. 

Steel requires about 20 gigajoules of energy per ton produced. Three quarters of the energy comes from burning coal. (counts, 2021)







During the manufacturing process of steel, harmful by-products are created which can lead to environmental pollution. There have been efforts to decrease the amount of waste and up-cycle the by-products. The primary by-product created from the manufacturing process of steel is steel aggregate. 

Steel aggregate also known as slag, is the primary by-product of steelmaking. The residue is comprised of minerals such as silica, alumina and titanium from iron sand, as well as other combinations of calcium and magnesium oxides derived from other raw materials.
During smelting, slagging agents and fluxes are added to the blast furnace or steelmaking furnace to remove impurities from the iron ore, steel scrap and other ferrous feeds. The slags secure the liquid metal from outside oxygen and maintain temperature by forming a lid. Being lighter than the liquid metal, the slag floats and can be removed with ease. All steel slag products are then rigorously tested before being released on the market to ensure that they will not adversely affect the environment, and that they are suitable for the application in which they will be used. (Reports, 2016)
[image: See the source image]The process of manufacturing steel can cause a lot of air pollution in the form of nitrous oxide, carbon dioxide, carbon monoxide and sulphur dioxide due to the use of diesel generators, trucks and other equipment. 
On average, 1.83 tons of CO2 is emitted for every ton of steel produced making steel production a major contributor to global warming adding over 3.3 million tons annually to global emissions. (counts, 2020) 
(How Tata Steel made millions from EU pollution permits, 2016)

[image: See the source image](AFE, 2021)


This graph shows the amount of co2 the iron and steel industry creates in comparison with other materials. As you can see it creates the largest quantity of co2 emissions for a single material.

Construction of the Willis tower
In 1969 Sears, Roebuck & Company was the largest retailer in the world with approximately 350,000 employees. Its executives decided to join the majority of the thousands of employees in offices located in every area of Chicago in one building on the western edge of the city. With immediate space demands of 279,000m², and with predictions and plans for future growth that will require even more space the architects of Skidmore knew that the project would generate one of the largest office buildings in the world. (wikiarquitectura, n.d.)
The construction of the Willis tower began in august 1970. It took 3 years and had over 3,000 construction workers involved in the development. The project was completed in May 1973 and was used as offices for over 350,000 employees. The building was later then purchased by Willis Group Holdings in 2009. They won the rights to rename the building to the Willis tower. This change was not received well by the Chicago residents and is still called ‘the sears tower’ by many.

[image: https://wikiarquitectura.com/wp-content/uploads/2017/01/Sears_Tower_sec_transv-500x269.jpg]When building a skyscraper there are very important aspects in which you need to consider. One major aspect is the effect the wind may have on the building. It is common to add a bracing to a skyscraper to prevent deformation or displacement. This process in a steel structure skyscraper would be extremely expensive.
The client did not want any form of visible reinforcement on the building, for example a bold x on the face of the building. The original engineer of Bangladesh, Fazlur Rahman Kahn was asked to respond to these needs. In his response he created a new concept known as ‘screen tubes’. Today the concept is used globally as the basis of the construction for tall buildings.
The Willis Tower draws its strength, both visual and physical, from its structural form, the bundled tube. The building plan consists of 9 squares, each 75 feet across, placed in a three-by-three grid arrangement. Each square has 5 columns per side spaced 15 feet on centres, with adjacent squares sharing columns. As the columns rise up the building, each square in the plan forms a tube, which can be seen on the exterior of the building. These tubes are independently strong but are further strengthened by the interactions between each other through truss connections. While the tubes connect at each floor level with beams and floors trusses, several large trussed levels act as the main horizontal connectors in the buildings. These trussed levels, which also contain the mechanical systems for the building, appear as black horizontal bands on the façade. While the louvres covering the trussed levels mask the structural details, the purpose of these levels remains abundantly clear visually. (Anon., 2010) 
Comparing steel frames to concrete frames 
Steel is a very popular material within construction due to its impressive strength and weight in comparison to concrete which has great strength but often needs support columns due to its known heavy weight. This can affect internal planning due to the support columns being in the way of the floor plans. One benefit concrete frames have over steel frames is ability to reach complicated/ artistic designs. Concrete can be moulded into any shape required and keeps its strength. Steel is a little more limited and therefore most designs are made of basic rectangles. 
A great benefit of using steel frame is the flexibility. Steel frames have greater chance of surviving earthquakes or large wind speeds due to its great flexibility and tensile strength.
In earthquake-prone countries, such as Japan, the proportion of steel structure buildings is increasing year by year. People have found a better building to deal with earthquakes – steel structure buildings. Studies have shown that steel buildings have the best integrity after an earthquake. Therefore, in steel structure buildings, in Australia and Japan, 50% of dwellings are made of steel structure, in the United States, it is 20%.  (IBEEHIVE, n.d.)
Steel structures are also a lot more economical than concrete structures. The large steel suppliers market comes from steel recycling which allows steel to be a lot cheaper than other non-recyclable materials. Due to steel being so light, easy to transport and quicker construction times labour is a lot cheaper too.
Studies show that that steel structures cost between 5%-7% less than reinforced concrete structures. (construction, 2021)Graph showing the increase in price of both concrete and steel. As you can see from the graph, concrete is a greater price than steel.

[image: http://www.newsteelconstruction.com/wp/wp-content/uploads/2012/08/NSCJan08_GraphA-300x157.jpg]
. (NSC, n.d.)
Overall, you can see why steel is the leading material used for structures globally. It has some great assets and is very cost affective in comparison to other materials.
Without steel, skyscrapers such as the Willis tower would not be possible to build. This would have a large effect on the surrounding environment as they would need to take up much more ground space to have a suitable working area for offices etc. Skyscrapers allow for more space while not using up as much land area. 
The Willis tower provides 3,810,000.00 square ft of working space. This is an incredible amount of working space considering that the dimensions of the Willis tower is only 75x75ft.
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