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1.0    Executive Summary
This report will summarise the essential elements of a steel frame building. It will also include the steel production process and the effect of its biproducts. Then finalising on steels adaptability and how steel can resist a wind load. This will be achieving by researching relevant information in a report format. 

2.0       Terms of Reference

                   2.1 The prime focus is:
        2.1   Researching key properties of steel.
        2.2   Identifying the steel production process and the effect of its            biproducts.
   2.3   This report is due by December 7th, 2022.

3.0       Procedure

This section highlights the research methods used.
        3.1 The research consists of different sources ranging from online websites, blogs and government information which is all set out on the bibliography and references. 
         3.2 Detailed notes from online sources and extensive research. 

4.0      Research
Introduction
In this report, I have selected a newly constructed steel frame building located in London, UK. This building was recently established in 1978 and was completed 8 years later in 1986. The name of this steel frame building is called the Lloyd building.  This cyberpunk building was created by the architects Richard Rogers, Ivan Harbour, Mike Davies and was honourably opened by Her Majesty the Queen in 1986. The mammoth 95 metre building was created out of “33,510 cubic meters of concrete, 30,000 square metres of stainless-steel cladding and 12,000 square metres of glass were used during the construction.” 


Frames durability in London 
When reviewing the Lloyd building in London, it was noticeable that the site is located by the London Tems. The Lloyd building is therefore vulnerable to substances as the property is located on “London Clay, which is notorious for shrinking as it dries out”. Ultimately, the foundation of the Lloyd building will shrink causing cracking and structural damage to the building. This is particularly dangerous to the environment if the cracking of the structure allows water from the London Tems to flow into the foundation of the steel. Not only that, but “the combination of moisture, dampness, oxygen, and salt, particularly sodium chloride, harms metal more awful than rust. This mixture corrodes or degrades the metal, rendering it ineffective and causing it to self-destruct." Therefore, as long as the water is separated from the steel’s foundation then the steel frame will be able to sustain itself. 
On the other hand, Lloyds building is a particularly large scale building containing very steep walls. Therefore, there are load-bearing walls that helps with the vertical shear stress acting on the building. This goes hand in hand with the dead load as the load bearing walls transfer stress from the very foundation of the build to other essential steel frame members. The building has many exterior wall bearings scattered around the building to sustain key structural elements. Ultimately, with all these components we can see a highly durable steel frame building.
It’s “also important to understand is that visibly rusted steel (possibly even flaked) can still develop and maintain a patina and may have done so already; and it will still provide strength to the edge.” In essence, this acts as a protective paint which slows down rusting over time. Not only that, but the general esthetic of the build will deteriorate the appeal of the building where it may be beneficial to apply a sealer coat to amend the rusts colour.

The steels climatic resistance given the conditions the site is exposed to
As the climate is changing, we’re getting hotter summers and colder winters. Where thermal cracking can be caused to cold weather. However, during the summer it’s important to challenge if steel is affected by the sun. Steel can rise up to 65 degrees in the sun which is particularly dangerous for people to touch. On the other hand, steel is completed unaffected by UV as the free electrons absorb photon energy. In essence, this doesn’t allow any bond dissociation or any energy transitions meaning the steel frame is completely stable during the hot summers. “Stainless steel is naturally corrosion resistant, does not require annual repainting, and is fully moisture and mold resistant. It will not fade, crack, or peel when exposed to direct sunlight”.

Fire Protection in Steel
A method of expanding the thickness of steel is by including intumescent coatings which allow the original steel thickness to reach around 100 times its original size. In essence, “the coatings will undergo a chemical reaction and expand when exposed to extreme heat”. This form of paint provides a significant impact to steel as a layer is introduced between the steel and the fire which grants a substantial amount of resistance to the steel frame. Ultimately, fireproofing steel can be the difference between the destruction and the continuation of a building and therefore it should be installed correctly to main the physical integrity of the build. In addition to this, by having a strong material to contain the fire, it will allow time for fire fighters to arrive on site and to put out the fire in good time. However, when exposed to high temperatures, steel can realise thermally enhanced oxidation. Exposure to oxidation damages DNA and cells which are the fundamentals to a body and therefore it can be extremely harmful when exposed to the social environment. 

Important Elements in Steel
When constructing steel, it’s important to acknowledge each atom and its purpose. For example, chromium is “Important for corrosion resistance. Steel having 11.5% to 13% chromium is considered stainless”. Whereas carbon is a fundamental element which hardens and strengthens the steel. When increasing the carbon content, the brittleness and hardness will also increase. Meaning they’re directly proportional to each other. As the increase in carbon content forms harder surfaces, there are far greater internal stresses which ultimately increases the brittleness. 
However, the toughness and strength of steel have a liner relation to each other. As one increases the other will decreases. For example, as the strength of the steel frame increases, the toughness will decrease. This is “due to the increasing of carbon supersaturation and refinement of martensite with the increase of carbon content”. The greater the tensile strength in steel, the more likely the material can withstand greater strain. The ability to resist and maintaining itself without breaking or being deformed due to high level of tension.
Low carbon steel is commonly used in the construction industry when constructing pipes or wires as the high level of ductility allows the steel to be stretched under strain easily. Low carbon is the least expensive steel as it isn’t as tough as high carbon. However, medium carbon contains “between 0.31% and 0.60% gives this variety a higher strength and lower ductility than lower carbon varieties.” On the other hand, high carbon contains 0.62%-2.00% carbon. High carbon steel is very applicable to retaining its shape and is also good at resisting abrasion. The durability and sustainability of high carbon steel makes it very ideal for building services as it corrodes slowly in contrast to low carbon steel. Not only that, but high carbon steel can also be recycled and reused without interfering with its original strength and therefore it’s very adaptable to new builds. As carbon steel is low in cost and adaptable with its different qualities, it’s undoubtedly a suitable material for modern builds in the 20th century.

Steels production process
Firstly, to create steel you must combine iron ore, sinter, coke and iron ore and place in a blast furnace. This process will produce a molten liquid which is used to make steel. The molten liquid is introduced with scrap metal (either steel or iron) “and is processed using one of three methods: Basic Oxygen, Electric Arc or Open Hearth.” There’s a whole range of different chemical applications used to construct different types of steel, depending on the quality of steel that’s required.
When raising the DPH to 400 degrees Celsius, we can achieve hardness by cooling with ambient air. Essentially, “when steel cools quickly, there is less time for carbon atoms to move through the lattices and form larger carbides.” However, when applying a DPH of 400 degrees Celsius for a time, there’ll be a decrease in brittleness and hardness resulting in a tougher and more durable steel.

 The impact on Social and Ecological environment from the steel process
When constructing steel is important to understand how the production process can pollute the area. Coke ovens effect our atmosphere by emitting dangerous toxins that include naphthalene which ultimately causes cancer. On the other hand, coke ovens can also pollute our water by contaminating it with sulphides, ammonia and carcinogenic organic compounds. To add to this, the gathering of iron ore can cause water pollution where “acid drainage can go on for thousands of years after the mining activities have stopped.” The acid from this production process is so damaging that organisms (shells/skeletons) which consist of calcium carbonate will completely dissolve meaning the sea is completely unhabitable for sea life and growth. Ultimately, the steel production process is very damaging for both the social and ecological environment; particularly from the coke ovens and the iron mining.
It’s also important to note that “slag, the limestone and iron ore impurities collected at the top of the molten iron, make up the largest portion of iron-making by-products.” Ultimately, this is not a pollution prevention technique which means that the waste of these biproducts do not reach the landfills. Again, this will affect our social environment from the impact of unsanctioned disposal.

Positive aspects to building services when compared to concrete
“Steel is inherently ductile and flexible which makes it the material of choice for building design.” This material is exceptionally adaptable to its surroundings as steel can endure heavy loads where it doesn’t crush or crumble under stress. Steel is also extremely malleable where it can be molded into thin sheets without breaking; making it a very adaptable material for building services. Not only that, but steel can be recycled and re-used to form other shapes without degrading its properties. Concrete is also recyclable, but much harder to recycle if it contains contaminants. However, when compared to steel, any impurities can be removed by oxidation as limestone acts a purification to ensure the steel has no defects. Making steel a more flexible and cost effective product for building services.
When applying stress to steel, strain in rubber is far larger compared to steel. Therefore, this signifies that Young Modules has a larger value of elasticity than rubber. In construction, if a load has been established and then removed quickly then the steel would return to its original shape. It’s vital to have good elasticity as a property in steel because “if it were not, buildings would suffer continuous deformation under load and ultimately would collapse.” Ultimately, Young Modules determines steel alloys as high stiffness, meaning steel can withstand high loads of pressure and can reform back its original shape easily without being deformed. On the other hand, elasticity is rather in low concrete. This is because concrete has a low coefficient of thermal expansion meaning structures will develop cracks due to the impact of tension and shrinkage.

Frames property in wind loading
Wind load is an essential component when constructing a site where the force of the wind exerted onto the building can be calculated by multiplying the area, pressure and the drag coefficient. The wind load is ultimately the resultant force acting on the steel frame structure. Fortunately, the Lloyd building can absorb the winds forces as it can safely transfer to the core of the building. Steel frame properties are “great at absorbing the vibrations from these materials and reducing the noise.” Freeing vibrations from the steel frame can cause a low cycle fatigue which means that steel can withstand high cyclic stress levels. In essence, the material can endure stress and prevent stiffness against the sway of the horizontal load. This is beneficial as alternating vortexes down the sides of the Lloyd building can fluctuate and reduce the wind load exerted on the building. 

Steel is a solid and therefore wind cannot move through the material. Steel is denser than air where the wind can’t diffuse through steel either. Therefore, the steel must be durable enough to withstand the wind load. This is remedied in the design of the building as the Lloyd building has rather circular silos where the wind can move off the circular objects and directly onto the foundation of the building. The only concern I could acknowledge with steel in the Lloyd building is the shafted overhangs. The roof overhangs and other features that tend to trap air beneath them results in a high uplift of forces. This is susceptible to damage. Thankfully, steel is resistant to battering wind meaning there’ll be no cracks or structural damage in the design of the building. Not only that, but the reinforced steel can absorb the shear, tensile and the compressive stress of the wind load.

5.0     Conclusion
Through detailed research, I have accumulating knowledge ranging from the steel production process to different unique properties of steel. By incorporating this knowledge, I've been able to construct a formal report expressing the information I have gathered from in class studies to online sources. I now feel confident and knowledgeable in steels framing material.
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7.0   Appendices

   7.1     Appendix 1

The image below indicates the influence of temperatures on the strength of metals:

[image: ]

Source: TheEngineeringToolBox (2022)  
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