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The Ingalls Building
[image: ]Built in 1903 in Cincinnati the Ingalls Building was the first of its kind. After being  named the first “reinforced concrete skyscraper”, a lot of scepticism was being instilled within the public because the existing record for a concrete building was only six stories high and Elzner was set to break this with his ground-breaking 16 storey design. Many predicted that the weight of the office building would cause it to rupture or that shrinkage would be present during the curing stage. However, they were proven wrong and the building is still standing to date (Ali, 2001). The 210-foot-high structure was constructed using E.L. Ransome’s system of casting twisted steel bars with a concrete frame with slabs and concrete exterior walls. The 16-storey building was designed to be a monolithic unit with each floor slab providing a rigid formation to protect the building from high winds (American Society of Civil Engineers, 2019). Elzner described the structure as being “a concrete box of 8” walls, with concrete floors and roof, concrete beams, concrete columns, concrete stairs- no steel”. It consists merely of steel bars being embedded in concrete for reinforcement. The lower three stories of the building were designed to have a white marble exterior of four to six inches thick, with glazed grey brick used for the next eleven stories and glazed white terra cotta for the top story and cornice (Ali, 2001)(Pinterest, 2020)

During a ten-hour shift only one hundred cubic yards of concrete was being produced which was below expectations but was all the workers could sustain for that time period. The concrete needed to be wet enough to ensure the gaps around the reinforcement could be filled and that the concrete columns would have uniform density around the reinforcements. The reinforcements of the building have proven to be successful in maintaining the buildings strength and even with a bank vault weighing nearly a hundred tonnes on the second the floor, the building has shown no signs of cracking. (Concrete Contractor, 2020)
Concrete was the chosen structural material for the Ingalls building purely based on the economy. The structural cost of $400,000 was considerably lower than that of a steel frame. The structure was built within a populated environment to ensure the structure would be of use and that the surrounding buildings would prevent the property from the harsh winds being directed upon it. Concrete quickly proved to be a beneficial material to the Cincinnati project, as concrete could be produced on site and didn’t require heavy structural steels beams to be transported. This eliminated the problem of traffic from large vehicles and from problems such as unloading, storing and placing the awkward lengthened columns. Therefore, it was unnecessary for the contractor to provide derricks, erecting towers or travelers, and heavy-duty hoisting machinery. Also, this decreased the cost of construction for the project. However, the project was very time consuming as the concrete had to be mixed by hand at this time in small mixers with a total workforce of 60 men. (Condit, 2008)
The Leadenhall Building
[image: ]The Leadenhall Building is a 50-storey tower in central London rising to a height of 224.5 metres. The building features a tapered form in order to reinforce the geometry defined by the development envelope. Rather than having a traditional concrete core the office tower features an external brace tube structure that renders the lateral stability of the building (Design Build, 2019). The tubular steel mega frame and the clear glazing surrounding the building gives passer-by’s a clear look at its unique structure. The ladder frame emphasises the vertical profile of the structure and visibly anchors the building to the ground. 18,000 metric tonnes of steel were used to construct the building, including substructure and temporary work. (naidoo, 2010)

 The office floor has simple rectangular floor plates that gradually diminish in depth as you move towards the top of the building and are connected by the structural ‘tube’ at every floor level. The North tower is perceived as a detached tower to the original build and contains all passenger and goods lifts, WCs, on-floor plant and service risers. The are three lifts situated within the building at the lower, middle and higher sections which are connected by two lobbies at floor 10 and 24. As the northern support core is a detached tower the structure is not required to be over-clad with fire protection, allowing the steelwork to be left visible. The lower seven stories of the building are recessed on a raking diagonal to create an open public space. Within the space are bars and restaurants with terraces that provide views into the public space. (Rogers Stirk Harbour and Partners, 2019)
[image: ]The Leadenhall’s construction was one of the fastest of its kind in the UK. Work commenced in September 2011 and had a timescale of just 11 months. The mega structure was prefabricated off site and divided into large components that would be brought to site in accordance with a strict timetable. The frame (to the left) needed to be divided into eight sections, each comprising of seven floor and 28 metres high. Almost 3,000 threaded steel rods or “megabolts” hold the structure together. The building required 24m beams which is the longest load that can be transported into the city of London and required a police escort along the motorway. An estimated 85 percent of the building was constructed outside of London with some of the construction work even being carried out in factories across Europe. However, the majority was to be fabricated in Wolverhampton where it was also coated in intumescent paint. Due to the large size of the building’s components, deliveries made to the site could only occur between the hours of 1am and 5am where there would be no impact on city trading. (New Atlas, 2014)(Pinterest, 2020) 

A range of environmental factors were taken into consideration when building the Leadenhall. Offices were protected from direct sunlight by solar-responsive venetian blinds, low-water fittings were used throughout and 293 metres were installed to monitor energy use. Also, as a result of the designers using BIM and digital engineering 3D plans a list of materials were generated to prevent any waste and a tight schedule was kept to prevent delay or cluttering at the site. All timber used within the build was FSC-certified sustainable sources and the LBDC claims that 97% of the construction waste from the site was recycled and 29% of local employment was used. As a result of their efforts, the building received a BREEAM excellent sustainability rating. (British Land, 2012)

Framing Material
Concrete structures much like the Ingalls Building have proven to be very durable. Concrete resists weathering, chemical attack, abrasion and even some natural disasters while maintain its engineering properties. Over time concrete will only harden even more and often gains strength rather than losing it. The majority of concrete structures are created to last 30 years; however, most will last between 50 and 100 years. The Ingalls Building being an example of this, having been finished in 1903 and still be standing today. Therefore, it is more likely that a concrete building will come to the end of its life because it is no longer of use rather than the concrete having failed due to its age. This often results in buildings being demolished or sometimes being stripped back to their concrete core and being rebuilt (PCA, 2020). However, if concrete is not produced effectively it could be subjected to shrinkage or creep.  Similarly, to concrete steel is a very durable structural material as shown by the Leadenhall Building and many other steel structures around the world. Although, unlike concrete it is possible for steel to rust and corrode due to weathering if not protected properly. There are different paint coatings available that isolate steel from water and oxygen and prevent it from corroding. Nevertheless, this adds to the time schedule of a project. Steel provides a structure with strong tensile strength and does not wrap, creep, split or crack, giving it long-term consistent performance. A big difference between concrete and steel is their expansion rates in high temperature. Whereas, concrete has a low expansion rate making it fire resistant, steel has a high expansion rate meaning it is not fire resistant and requires fire protection. For example, all steel elements of the Leadenhall building were sprayed with marine standard epoxy intumescent coating. 
[bookmark: _GoBack][image: ]The effects of manufacturing concrete have had a detrimental effect on the environment. Eight to Ten percent of the world’s total CO2 emissions come from manufacturing cement. CO2 is produced at two points during the cement production stage. First as a by-product of burning of fossil fuels, primarily coal, to generate the heat necessary to drive the cement-making process. Also, secondly from the thermal decomposition of calcium carbonate in the process of producing cement clinker. The global warming gas is released when limestone and clays are crushed and heated to high temperatures. However, as concrete does have such a long life span it reduces the need for reconstruction. Green concrete is a process which is being implemented to help this issue. It involves using waste material in its components or the production process does not lead to the destruction of the environment (Suhendro, 2014). Similarly, the production of steel is also one of the most energy-consuming and CO2 emitting industrial activities. It requires large inputs of coke (coal) which is extremely damaging to the environment. Coke ovens emit air pollution such as naphthalene that is toxic (The World Counts, 2020). The most significant by product in steel production is slag, which has now become a clinker substitute for the concrete industry, reducing mineral extraction and CO2 emissions. The environmental effects of concrete and steel production have significantly improved over the years, and waste is being kept to a minimal. This was seen in the Leadenhall design where new computing technologies allowed the specific amount of materials to be delivered to site in a timed manner with no waste present. (Galvanizers Association , 2020)(Quartz, 2020)

[image: ]Although concrete is not a very flexible material to work with, it can be cast into shape. Concrete frames can be precast off site or cast on site. However, pre-casting only usually works for low-rise buildings. Similarly, steel frames can be prefabricated and transported to site as was shown in the Leadenhall project. However, steel frames can be prefabricated for all size buildings not just low rises. A concrete frame is better for noisy environments as it reduces noise reduction and is a better thermal insulator than steel, thus it would be good material for a cold environment. Steel on the other hand is a very flexible material and allows designers and architects to get creative with their projects. It allows them to use long spans and unique curves within their work (as can be seen in the picture to the right). The use of steel is often used to create light, open, airy spaces. Steel frames also allow for a buildings position to be adjusted if necessary, as seen in the Leadenhall. Whereas, a concrete frame has no ability to move (Midwest Steel, 2017). Although, concrete does have a long-life span if the need for demolition were to occur, concrete could be recycled. The recycled concrete could further be used as an aggregate for roadbeds or granular material for new concrete. Thus, concrete is not always wasted. Similarly, steel is a very highly recycled product, with 87% of constructional steel being recycled in the UK. Once a steel structure has come to the end of its life span, if the steel is still in good condition it can be dismantled, reduced and then used again. (ALCOX, 2020)
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