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1.0 Executive Summary
Steel is a widely used material, especially in the construction industry, where tools and structures are made from this alloy. The Home Insurance Building in Chicago was the first building to adopt a steel skeleton framing. The property was completed in 1885, and since then many more improvements and adaptations have been made to make steel more durable and more sustainable. The Flatiron building, built 17 years later, also utilised a steel frame building to enable it to span 22 storeys on a unusually shaped allotment. Although heavily criticised at the time, the Flatiron has become a landmark building in New York City and the area surrounding is now dubbed the “Flatiron District” in homage to its iconic structure. 














3.0 Main body

Steel is an alloy of carbon and iron and is one of the most important engineering and construction materials used in every aspect of our lives including car parts, buildings and even household appliances. In 2021 1950.5 million tonnes of steel was produced (according to The World Steel Association, 2022). Iron carbide exists in sheets which are very hard and brittle. These sheets are interwoven with iron to form a compound called pearlite, it is this pearlite that gives steel its characteristic strength. Steel is 100% recyclable, meaning it can be reused over and over again without losing any of its properties, and uses relatively little energy compared to other construction materials, so it is one of the leading sustainable choices out there. According to the World Steel Association (2022), “Producing 1 tonne of steel today requires 40% less energy than it did in 1960”. 
Steel has the ability to change shape, which no other material can do. Not only this, it also boasts potency and strength. Changing the chemical composition of the steel can mean it can be used in different scenarios. There are main 4 types; low carbon steel (less than 0.15% carbon), mid steel (0.15-0.25% carbon), medium carbon steel (0.25-0.5% carbon) and lastly, high carbon steel (0.5-0.9% carbon). Each type means that it can be used widely as there is most likely a “recipe” of steel for each purpose. For example, low-carbon steel is commonly used for structural support (such as beams) due to their ability to minimise deflection. A high carbon steel is used to make high strength wires such as those used to support bridges. The lower the carbon in the steel, means that the ductility (malleability) of the steel is greater. The increase in carbon content, increases the tensile strength. 
The Flatiron Building, formerly Fuller Building, is a triangular building that sits in Manhattan in New York City.  It comprises of 22 storeys, stands 285 feet tall and resembles an old cast-iron clothes iron from which its name “flatiron” derives. The Fuller Company commissioned Daniel H Burnham to design the building, which needed to fit the unusually shaped lot. The building was constructed in just under 2 years, not suffering from any construction setbacks, and opened officially on 19th November 1902. Whilst other high-rise buildings in the area seemed to emerge from heavy, block like bases, Burnham’s Flatiron building was built directly up from street level. There was heavy scepticism once the construction was completed surrounding the buildings stability due to its triangular shape and height and that it would not withstand the wind loading. Some critics even believed it would completely fall down. Another aspect for concern was the wind-tunnel effect that would be created as it intersected two large streets, this meant that the winds were hazardous and unpredictable.
Built around a skeleton of steel, the Flatiron’s façade was constructed with beaux-arts style terracotta and limestone giving it an impressionable look in the city adding to its popularity. Shaped like a perfect triangle, it measures just six feet at its narrowest point. The popularity of the Flatiron is thought to have helped the transformation of the neighbourhood from a shabby district into a “top-destination for high end restaurants, shopping and sightseeing” (according to History.com Editors, 2018). Today, the Flatiron houses publishing businesses and a retail outlet on the ground floor along with a few restaurants. 
The Flatiron’s steel skeleton frame was only made possible due to a change in New York City’s building regulations in 1892 which eliminated the requirement that solid masonry be used for fireproofing. This opened the opportunity for the construction industry to use other construction materials such as steel framing. The Flatiron’s steel bracing, designed by Corydon Purdy, allowed the building to withstand four times the amount of wind force it would ever need to endure and, in theory, the frame would remain standing even if the rest of the building collapsed or toppled over. The buildings frame comprises of 3,680 short tonnes of steel. The construction of the Flatiron also represented the advancements in technology, as the construction team used the likes of power tools such as jackhammers to place rivets which, at the time, were 75% more efficient than manual labour (Double Stone Steel, 2020).
Had a reinforced concrete frame been used instead, it potentially could have been up to 60% heavier and most likely would not have the structural integrity to reach the 22 storeys that the steel framing achieved. It would also have meant that a more expensive foundation system would have been needed. Whilst in theory, a concrete frame could be used it would have been nearly impossible due to the shape of the allotment. Using steel allowed for the triangular shape to be formed and also enabled the building to be 22 storeys tall. Other construction materials at this time included the use of load bearing walls which restricted the height. 
Due to the prefabrication of the steel, the construction of the building didn’t take long at all. Each piece of steel was meticulously cut off site and slotted together incredibly quickly. Once the steel frame was in place the construction moved quickly, at a rate of one floor a week (Double Stone Steel, 2020). If another construction material had been used for the frame, such a concrete, the property would have taken exponentially longer to construct due to more on-site construction and the curing process of the concrete. It was only due to the steel framing that the entire construction time-frame was less than two years. The skeleton steel frame of the flatiron is light, durable and less susceptible to fire damage compared to iron. Iron has a lower melting point compared to steel and it loses strength quickly in the event of a fire, compromising the building. Structural steel can withstand up to 425°C before it begins to soften. At 650°C, the steel will lose half of its strength, posing a risk of failure (depending on the load). (CLM, 2020). In order to completely fire-proof the Flatiron, terracotta tiling was utilised in order to protect the steel frame. Surprisingly, when built the Flatiron did not have any fire escapes and only included one flight of stairs to use for evacuations.
The foundation of the building extends 35 feet beneath the ground and was excavated into the bedrock below. It is surrounded by trapeze shape, waterproof retaining walls between 2 and 6 feet in thickness. The foundation itself consists of concrete footing with granite caps, which the building’s steel columns rise from. (Landau, Sarah; Condit, Carl W ,1996).
The superstructure is supported by 36 steel columns. Each column is an I-beam measuring 14 by 14 inches and a width of 1 inch, with a working stress of 12,500 pounds per square inch or 86,000 kPa. 25 of these columns were placed on the buildings perimeter with the remainder placed in the interior of the site. On each storey, the columns are connected horizontally by a grid of steel girders and floor beams. The floor beams can carry a live load of 75 pounds per square foot. Triangular gusset plates connect each of the floor beams to the columns both above and below the beams. (McGraw Publishing Company, 1902).
The building has two wind bracing systems, designed by Purdy and Henderson, to cope with the wind loading. The first system comprised of diagonal steel shaped bars that look like a rotate “K” which extended downwards from the centre of the horizontal girders. The other system is similar to the first one except that the diagonal steel bars extend upwards and downwards from the girders. Transverse bracing is used a supplemental system between the foundation and second floor. The flat roof was built similarly to the floor slabs and can carry a live load of 50 pounds per square foot. 
Due to the geography of the site with Broadway on one side and Madison Square and park on the other, the wind currents around the building could be dangerous. The winds raised women’s skirts and gave way to the phrase “23 skiddoo” as policemen would shout this phrase at the men hoping to catch a glimpse. Allegedly, the high winds caused damage to the surrounding buildings with the media requesting the building be demolished. A lawsuit followed shortly by the neighbouring property owner, in which they also blamed the Flatiron for the death of a bicyclist who was blown into the road and subsequently hit by a car. In the diagram below, we can see the wind pattern of the Flatiron and the unpredictability of the wind. As the wind hits the north face of the building it creates high speed gusts, vortices, and rapid change in wind direction. In the video below (also linked in the reference list), the simulation shows just that.

[image: The Crazy Winds at the Flatiron Building in New York City | Wind Simulation]
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4.0 Conclusion 
Whilst the Flatiron building was originally criticised for its unique shape and construction method, it is now a landmark structure in New York City. Its construction a testament to its time and has thus far not suffered any failures, which in 1902 were expected. The Flatiron continues to be an engineering and architectural masterpiece which was only made possible thanks to its steel skeleton framing and the work of Daniel Burnham and Corydon Purdy. 
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