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1.0 Executive Summary
This report aims to describe my knowledge and understanding of the use of steel frames in habitable buildings. Additionally, I will provide details of original design planning, construction method and potential impact in consideration of social and environmental sustainability. 

2.0 Terms of Reference
The analyse the framing material of the building I have opted to discuss in the following areas:
2.1 the frames likely durability and climatic resistance, given the environmental conditions the site is exposed to
2.2  the materials original production process, including any impacts that this process would have on social and ecological environment, referencing all resources used in the manufacture of the material and any harmful biproducts used
2.3 the ease of the frame’s assembly, its positive aspects regarding building services provision, including the potential ease of its adaption to different building shape and use in comparison to a concrete frame
2.4 the properties of the frame in wind loading, and how this is potentially remedied in the design of the frame.












3.0 Procedure
This section identifies the research sources used.
3.1 The research included sources about from websites and textbooks set out in the references and bibliography.
3.2 Research obtained by taking notes during lectures and referring to PowerPoints used.

4.0 Findings 
Steel is considered one of the most adaptable materials available today. Due to its mechanical qualities and affordable manufacture, steel is now a widespread standard in many industrial applications. Regardless of the use, the production process is the same for all these various items, beginning with the transformation of the raw materials into a semi-finished product. The manufacturing of steel proceeds with the generation of the specific final form in accordance with the required purpose. 

Manufacture of Steel 

Depending on the desired qualities, steel is an alloy of iron (Fe), carbon (C), and additionally alloying elements. However, steel is only a general phrase that refers to tens of thousands of items with a wide range of compositions, forms, and characteristics. There are nearly 3,000 classified grades (chemical compositions), without including those produced to satisfy specialised and its research uses. The (Nieto, 2019).
 
The greatest qualities of carbon steels are created during hardening and tempering, which can be applied to the material after it has been rolled, normalised, or hardened and tempered. Figure 1 depicts how the amount of carbon affects the tensile strength, elongation to failure, and hardness of carbon steel (Instruments et al., 2013)
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Figure 1. The effect of carbon content and heat treatment on the typical properties of plain carbon steels. 

There are two main processes for making steel, blast furnaces and electric arc furnaces. To make steel from iron oxides, the blast furnace is in its initial stage.  Within the blast furnace coke, iron ore and limestone are used to make pig iron. This method of manufacturing coke has traditionally relied heavily on coal. The coal is broken up and powdered before being put into an oven and burned to a temperature of around 1000°C without the presence of oxygen. As the oven begins to heat up the coal starts to melt and much of the volatile material, including oil, tar, hydrogen, nitrogen, and sulphur, is eliminated as the coal melts. 
After 18 to 24 hours of reaction time the cooked coal, known as coke, is taken out of the furnace, and screened into bits that range in size from one inch to four inches after cooling. The coke, which has some ash and sulphur but is much stronger than raw coal, it is a porous, hard, black rock that is 90 to 93 percent concentrated carbon.
The dense, high energy value bits of coke provide the permeability, heat, and gases necessary to reduce and melt the iron ore, pellets, and sinter. Natural gas is being introduced more often nowadays order to minimise carbon emissions, coke is progressively being replaced by natural gas to the same extent in the blast furnace. 

[image: Víctor Nieto 3.]
Figure 2  Steel production: from iron ore to industrial products. (American steel, 2021).
In the late 19th century, the first electric arc furnaces (EAFs) were developed. Over 70% of the steel produced is now produced using EAFs, which has increased over time. The EAF differs from the blast furnace in that it creates molten steel by melting scrap steel, direct reduction iron, and/or pig iron using an electrical current. (American steel, 2021). The use of fossil fuels means that the average CO2 emissions from steel production is about 1.85 tons CO2 per ton of steel produced, (Hall, 2022).

 
Steel Frame 

Steel columns and beams are put together as part of the steel frame construction technique to create a support for floors, roofs, cladding, interior fittings, finishings, and inhabitants. This article will examine steel frames' benefits over other building materials and why they are a popular choice in contemporary structure (Construction Wiki, 2022)

Higher Strength
 
Steel will be heavier for the same dimensions because it is denser and stronger than concrete. This means that less steel is required to offer the same level of support. 
Decreased labour expenses, reduced material transportation costs, and easier design of foundations and other structural supports are all effects of this decrease in material utilisation (Construction Wiki, 2022).
If steel is properly maintained, it can outlast concrete. Mould and mildew cannot develop on as it is not porous and not susceptible to insect assault. As moisture levels rise, it does not expand, rot, or distort. However, water contact must be avoided since it could lead to corrosion. 
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Figure 3 Steel frame protective layers. (AlAhwani, 2018).

A coating made of fire and water-resistant material must be put to the steel to protect it. While the water-resistant substance prevents corrosion, the fire-resistant material stops the steel from losing its strength and integrity in a fire. Widespread usage of intumescent coatings prevents steel constructions from losing their structural integrity (AlAhwani, 2018).
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Description automatically generated]Figure 4 Steel fire protection (Bender & Termath, 2018)


Adaptability 


Steel used for construction may be formed into a variety of forms without losing strength. Steel may be used to create inventive and artistic designs. This is used by architects and other designers to produce buildings that are not only aesthetically beautiful but also structurally sound.     

[image: ]
Figure 5 (Sanom, 2012)
Additionally, structural steel enables the construction of very tall skyscrapers, bridges, and other structures in addition to large-span buildings like indoor arenas and aeroplane hangars. Steel frames are also simple to future-proof since they are better suited for structural augmentation or alteration, such as remodelling or enlarging an existing structure. Numerous options for integrating building services into the structural system are provided by steel (Construction Wiki, 2022).

Sustainability 
 
Prior to manufacturing, the usage of computer modelling helps decrease the quantity of steel waste created. Scrap created can be recycled and applied to different tasks. Steel can be melted down and remade indefinitely without losing any of its original attributes, such as strength. Although it may be broken down for use in next mixes, concrete is only successfully employed for projects like pavements and hardcore (Construction Wiki, 2022).


Safety 
 
Thanks to their high tensile strength steel frames can withstand a variety of natural occurrences such as hurricanes, seismic activity, and snow loads. The higher the organisation becomes, the more troublesome these problems become. Additionally, steel performs better in man-made disasters like explosions and collisions. Steel is non-combustible; therefore, it doesn't pose a fire risk, but unlike concrete, it loses strength in extremely hot environments. However, because concrete by itself is not extremely flexible, steel reinforcement must be included to boost the material's tensile strength. (AlAhwani, 2018)

Faster build-times 
 
Production is accelerated by computer-assisted manufacture of repeated floor plates and standardised bolted connections, and structural steel components are reliable and simple to mount because of regulatory rules and standardisation. 
Before being delivered to the building site, the steel frames are manufactured offsite to meet a specified standard. Unlike in-situ concrete, which requires waiting for a portion to cure before continuing the construction, they are instantly ready for assembly after being sent out and may be constructed by bolting or welding the parts together. Additionally, there is no need for temporary formwork, which must be set up and then taken down later, causing waste and adding time to the building process (Construction Wiki, 2022).


Cost-effective 
 
Since steel frames are manufactured off-site, on-site labour can be cut by 10% to 20%. Additionally, fewer employees imply fewer mishaps. Faster payback is achieved by utilising the building as soon as feasible after completion, which reduces finance costs and interest payments. Faster construction timelines might be crucial in metropolitan areas where road closures and traffic disruption must be minimised. The just-in-time approach eliminates the requirement for on-site storage by having supply chain partners transport products as soon as feasible when they are required (Construction Wiki, 2022).

Space maximisation 
 
Steel frames allow for larger bay spacing since they are stronger, resulting in broader bays. The greater amount of room available enables more adaptable floor plans that can maximise the area. Although concrete is also sturdy, it spans less widely and has a smaller building height from floor to floor. 
In a time of skyrocketing real estate values, the use of steel in homes can minimise the requirement for load-bearing timber pillars and maximise floor space. 
The advantages of steel frames are numerous. They are extremely responsive to rapid design changes and may be built in any conditions. If the frame can be inspected, they could also be simpler to maintain. 



Braced Frame Structure 

Structures susceptible to lateral stresses, such as wind and seismic pressure, frequently employ the highly robust braced frame structural system. A braced frame's members are often constructed of structural steel, which functions well in both tension and compression. The bracing system supports the lateral loads, while the beams and columns make up the frame handle the vertical loads. However, placement of bracing can be challenging since they might obstruct opening placement and façade design. This has led to the bracing being expressed as an interior or exterior architectural component in high-tech or post-modernist architecturally inspired structures. 

Vertical and horizontal bracing systems
Two bracing systems vertical and horizontal bracing, provide resistance to horizontal forces. 
 
Vertical bracing 
Bracing between column lines (in vertical planes) creates load channels that allow horizontal forces to be transmitted to the ground. To resist torsion about a vertical axis and brace both directions in plan, framed buildings need to have at least three planes of vertical bracing. 
 
Horizontal bracing 
Bracing (in horizontal planes) at each level creates load channels for the transmission of horizontal forces to the vertical bracing planes. Each floor level requires horizontal bracing, but the floor system may already offer enough resistance. Roofs could also need to be braced. 






Common Forms of bracing
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Figure 6 Single Diagonals (Anon,2022)
By putting diagonal structural elements into rectangular spaces of a structural frame, trussing, or triangulation, is created, aiding in the stabilisation of the frame. If only one brace is utilised, it must have enough tension and compression resistance, (Bisht, 2020).
Cross bracing
[image: Diagram

Description automatically generated]Cross-bracing (also known as X-bracing) are two diagonal elements crossed. Depending on the loading direction, they merely need to be tension resistant, with each brace functioning individually to withstand sideways pressures. Steel cables can therefore also be utilised for cross-bracing. However, window opening location and functionality may be hampered by cross bracing on a building outside face. Additionally, it causes floor beams to flex more dramatically (Bisht, 2020).


                                                                     Figure 7 - X-Bracing diagram (Bisht, 2020)
                                      




K Bracing
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Figure 8 – K Bracing diagram (Bisht, 2020)
At mid-height, K-braces are connected to the columns. This frame results in the least amount of bending in the floor beams and offers more flexibility for the supply of apertures in the facade. In seismic areas, K-bracing is typically avoided due to the possibility of column failure if the compression brace buckles (Bisht, 2020).

V-bracing 
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Figure 9 – V Bracing diagram (Bisht, 2020)
A horizontal member's top two corners are connected by two diagonal members that extend downward and meet at a common point on the bottom horizontal member to form a V-shape (above diagram). Inverted V bracing, sometimes referred to as chevron bracing (lower diagram), includes the two elements coming together at a central location on the top horizontal member. 
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Figure 10 – V Bracing diagram (Bisht, 2020)
Both approaches can considerably lower the compression brace's buckling capacity until it is less than the tension brace's yield capacity. This might imply that the load must be resisted by bending the horizontal part when the braces have reached their limit of resistance. 
In seismic areas, centric bracing is frequently employed. Although the bracing components do not connect at the centre, it is comparable to V-bracing. This indicates that there is a gap at the top link between them. Connecting points on the horizontal beams are used by the bracing components. This is done so that the "link" between the bracing components may bend plastically to absorb seismic energy. Additionally, eccentric single diagonals can be employed to support a frame, (Bisht, 2020).


Diagrid 

The words diagonal and grid are combined to make the acronym diagrid. The definition of a diagrid is a supporting and undercarriage structure system made up of cross-cutting metal or concrete beams. A type of design employed nowadays for the construction of tall buildings is the structural system created by joining the steel structures, which are essentially arranged in a triangle geometric pattern, via node points. It may be utilised as a roofing shell and to build expansive spans devoid of columns thanks to diagrid systems. The system was initially employed using triangulation techniques in wooden structures, and wood was a contributing factor in the creation of the grid steel cage system. The system offers freedom in architectural designs and interior planning by providing enormous column-free spans. 


[image: See the source image]

Figure 11 a & b (Scaramozzino, 2020)

 
[image: See the source image] 
 
Figure 12 - Gherkin Tower node example (Boake,2016) 
30 St Mary Axe (The Gherkin Tower)
The Gherkin Tower, commonly known as 30 St Mary Axe, is a skyscraper situated in London City's financial centre. When the IRA detonated a bomb in 1992, it damaged the significant commercial structure known as Baltic Exchange in London. Later, in 1995, the site was sold to Trafalgar House, and in 1996, the first design for the 88-story Millennium Tower project was withdrawn soon after it had been submitted for approval. Following this a Swiss reinsurance business bought the land and commissioned a renowned British architect Norman Foster to create one of London's most ambitious and difficult commercial structures. Foster and Partners created the Gherkin Tower along with engineering firm Arup. Foster intended the structure to be distinctive and striking with an aim to stand out from the nearby 100-year-old structures and be in stark contrast to them. The design's guiding principle was to produce a cutting-edge and modern form using building technology and materials. The curved and angular skyscraper's construction began in 2001, completing in December 2003, and inaugurated in April 2004.
The Gherkin quickly rose to prominence as one of the city's most recognisable and significant urban icons thanks to its distinctive design. At the same time, the structure has given the area a new architectural, ecological, and sculptural prominence with a finished cost of £138 million. It is recorded as one of the most advanced and tallest structures in Europe, with a height of 180 metres and constructed with 41 storeys, one of which was subterranean and a footprint of 47,950 m2.
The building's curving design makes it less substantial than a square tower allowing wind to flow around it. It provides a living area around the ring construction to reduce wind circulation on the ground. The construction used a contemporary diagrid steel framework on the guidance of Arup engineers, allowing it to be regarded as London's first environmentally friendly skyscraper. The Gherkin Tower has won numerous architectural honours for its daring and distinctive design.

Conclusion

Despite steel producing almost of 3 times CO2 per ton than concrete, concrete is used in far greater quantities than steel for a given structure. It is evident by the information provided in the main body of this report that steel offers several advantages over concrete as a frame building material in versatility of design, less build time on site and sustainability. There is an advantage to the use of concrete over steel and that is concrete’s ability to withstand heat from a fire up to four hours, which is often reflected in insurance premiums. It is rare that steel and concrete are used exclusively as concrete is often used as the foundation on a steel framed building whereas typically, steel bars are used to reinforce concrete. 
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