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Introduction
For this report two buildings have been chosen for analysis, one with a concrete frame, the other with a steel frame. The building chosen with a concrete frame is the Ingalls Building located in Cincinnati, Ohio, Usa. The choice for a building with a steel frame is the One Vanderbilt Building located in New York, USA. 
The first task of this report will provide an overview of both buildings, focussing on the design process and methods of construction that were employed in their creation. The second task will then go into more analytical detail with regards to each framing material used, presenting both the advantages and disadvantages of both framing material choices

Task A
Part 1: The Ingalls Building
The Ingalls building is an apt choice for the analysis of concrete framed buildings due primarily to the fact that it was the first reinforced concrete skyscraper to be constructed in the world[footnoteRef:1]. The building stands at 16 storeys tall and is still inhabited today. It also holds some historical influence due to the fact that its pioneering success encouraged the construction of high-rise concrete buildings worldwide.  [1:  https://www.asce.org/about-civil-engineering/history-and-heritage/historic-landmarks/ingalls-building] 
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The Ingalls Building, photographed shortly after completion in 1912

Situated in Cincinnati, Ohio, the building was designed by Melville E Ingalls, who had to spend several years trying to convince the authorities of the city to grant him a building permit. He encountered this difficulty due to the scepticism at the time with regards to the viability of constructing a building in this manner, of this size. Although the method of reinforcing concrete with twisted [footnoteRef:2]steel bars had been utilised some decades earlier in the mid-1800s by the English architect and engineer, Ernest L Ransome, this would be the first time that a skyscraper of this size would be built using this method.  [2:  https://www.doublestonesteel.com/blog/architecture/the-history-and-legacy-of-the-ground-breaking-ingalls-building-in-cincinnati/] 

If a building of this size was constructed of concrete that wasn’t reinforced, it would likely collapse, due to the fact that concrete is relatively weak compare to other building materials when subjected to high tensile forces. Wind-loading was also a worry due to the surface area of such a large building. 
The design of the building itself was to be a monolithic box shape, with the beams, walls, floors, stairways and pillars all constructed using the same reinforced concrete method. Once permission was finally granted for the building to be constructed, it took shape quickly, with three floors being constructed every month. 

Part 2:  One Vanderbilt Building
One Vanderbilt is the tallest office building in Midtown Manhattan at 1,401 feet. The frame was designed by the company Severud Associates using over 27,000 tonnes of steel. The unique shape of the building is achieved by the use of column transfer systems, w[footnoteRef:3]hich are located on the 5th and 12th floor.  [3:  https://www.aisc.org/awards-and-competitions/ideas2-awards/ideas2-awards-archives/one-vanderbilt/] 

[image: Construction Update: One Vanderbilt — FIELD CONDITION]
One Vanderbilt – Pictured during its construction 

The main way that the building has lateral resistance is the employment of the core shear wall. This is 30 inches thick and is able to withstand 15,000 pounds per square inch. Cantilevered steel trusses were also used to provide resistance to vibration and lateral displacement. 
Another key feature of One Vanderbilt is the full floor-to-ceiling windows. The floors range between 16 to 24 feet in height, with many of the floors lacking pillars, thus presenting 360-degree views.

Task B
Framing Material Choice
Reinforced Concrete
With regards to the Ingalls building, reinforced concrete was used as the framing material. mentioned previously, if the concrete was not reinforced with twisted steel bar, this would have not been possible. This is due to the fact that concrete in and of itself would not support a building of this magnitude. Plain concrete (otherwise known as PCC, or plain cement concrete) is more commonly used not to build vast high-rise structures, but rather for the construction of paving and flooring. And whilst there are many different formulations of PCC, they all tend to have the same advantages and disadvantages. The main advantage of PCC is that it is incredibly strong when subjected to compression, it is however relatively weak when under tension presenting a risk of cracking and buckling. It is for these reasons that PCC is often used in conjunction with reinforced concrete. [footnoteRef:4]The PCC can provide a solid foundation on top of which a structure frame of reinforced concrete can then be erected.  [4:  https://almanaratain.com/the-difference-between-plain-concrete-reinforced-concrete/#:~:text=The%20Advantages%20%26%20Disadvantages%20of%20Reinforced%20Concrete&text=The%20one%20big%20difference%20in,that%20make%20PCC%20so%20effective.] 

With the introduction of steel rebar to reinforce concrete, the strength under compression remains very high whilst also drastically improving the strength of it under tensile forces. This means that structures of height can be constructed using reinforced concrete, as the addition forces of wind and minor twisting of the structure can be withstood. 
As the Ingalls building was to be the tallest of this construction method at the time, it took a long time for it to be approved due to the worry that even with a reinforced concrete frame, the above-mentioned forces would become too great. As it turned out, the structure is still standing strong to this day, over a century later, and is a testament to this construction method. 

Steel Frame
An extraordinary amount of steel was used to construct the colossal frame of One Vanderbilt, over 27,000 tonnes. [footnoteRef:5]There are multiple reasons why this material was chosen as opposed to a reinforced concrete frame. Whilst the Ingall building was a large building for its time, in the proceeding century skyscrapers have subsequently dwarfed it in size, with One Vanderbilt being no exception. The primary reason steel was chosen for One Vanderbilt was due to its strength, with steel being eight times stronger than concrete under tensile forces. Types of steel are separated into different grades, with each grade generally referring to the ratio of iron and carbon in the mixture, with the amount of carbon generally ranging from 0.2 percent to 2 percent.  [5:  https://www.archdaily.com/949367/one-vanderbilt-kpf] 

Depending on the purpose the steel is designed for, more or less carbon may be used. The main advantage of high carbon steel is its increased strength (up to 20 percent higher than low carbon steel), yet this makes it harder to work with and weld. For One Vanderbilt, Grade 80 steel was used. This contains approximately 0.8 percent carbon, providing strength, yet not too high up the scale as to make the steel difficult to work with. It also contains approximately 0.2 percent silicon, and 0.65 manganese[footnoteRef:6]. Silicon in steel increases hardness and also helps to prevent decay and defects to the steel. Manganese helps to reduce the brittleness of steel, limiting the risk of cracking. This particular ratio of steel is therefore ideal for building a large frame structure, there is strength, yet there is also durability and workability inherent in the mixture.  [6:  https://planhub.com/resources/types-of-steel-and-how-theyre-graded/] 


Community and Environment Impact
Concerning the Ingalls building, whilst there was most definitely an immediate impact on the community and environment due to the scale of the project at the time, it is perhaps more interesting to discuss long term secondary impact. The success of the project meant that in the immediate years after its completion, city skylines worldwide were transformed. Large reinforced concrete structures were constructed all over the world in the intervening years, causing a huge environmental impact in their construction, whilst also altering cities, making them busier, attracting businesses etc. For better and worse, it enabled more people to live and work in cities, increasing the environmental toll that cities impart on the planet through pollution. Yet at the same time it meant that cities would become more prosperous, increasing the wealth of their respective countries. 
With regards to One Vanderbilt, the community and environmental impact is more difficult to ascertain. In a city full of sky-scrapers it stands out. Its construction was a massive endeavour, costing over 2 billion dollars. The disruption that the project caused was considerable due to the building being located in the already bustling heart of Manhattan. This was minimised as much as possible due the painstaking, years long planning phase, meaning that when construction did finally begin it was at a rapid rate.  Due to the ease of construction using a steel frame, by June 2018, 16 floors had already been completed, 8 floors ahead of schedule, minimising environmental impact. 


Assembly and Adaptation
With regards to the Ingalls building, the longest part of the production process by far was the acquisition of the permit to build. The assembly of the building itself was rapid once it began. This is due to the fact, that one material (reinforced concrete) was used to construct the vast majority of the building. Astonishingly, once construction had commenced, it only took eight months to complete, a testament to a stringent planning process. With regards to the building potentially adapting for different uses, this is perhaps not applicable as it has remained as it is for over a century, and is still used for the same purpose as it was immediately on completion (namely office and living space). 
One Vanderbilt was also assembled at speed once construction began, though the whole process from planning to completion took twenty years. Demolition to clear the site began in June 2015, and by February 2020 the certificate allowing occupancy was awarded. Due to the buildings innovate aesthetic style, it can be used for many different things. Although it is used as office space and has tenants living there, it is also one of the most popular tourist attractions in New York, with some floors left completely open plan to allow visitors to enjoy 360-degree views of the city. 

Task C
Framing Material Comparison 
It is a worthwhile endeavour to compare the reinforced concrete used to build the Ingalls building, and the grade 80 steel used to construct the One Vanderbilt stee frame, because it shows how technology has developed in the past century. Though it must be noted that the Ingalls building is standing strong, with reinforced concrete still used as a primary means of construction worldwide to this day. Below are is a table summarizing the advantages and disadvantages of each material 

	
	Ingalls Building - Reinforced Concrete
	One Vanderbilt –
Steel frame 

	Strength
	As with PCC, reinforced concrete is very strong when under compressional force, and stronger than PCC when under tensional force due to the addition of rebar. 
	Steel is approximately eight times stronger than concrete, presenting a distinct advantage. 

The grade 80 steel used to build One Vanderbilt contains a significant amount of carbon, further imparting strength.


	Durability
	It must be noted that the Ingalls building is still standing and habitable over a century after its completion, and whilst there have been repairs to the building in recent decades, the reinforced concrete frame has not deteriorated. 
	One Vanderbilt is a contemporary building that uses contemporary techniques and technologies in its construction.

The addition of silicon to the steel mix reduces defects in the steel, thus increasing its longevity. 


	Resistance
	The reinforced concrete used to build The Ingalls building has proved very resistant to external effects such as weather conditions. 

There has been however some erosion caused by rain and freeze thaw erosion, but not to an extent that has threatened the habitability of the building.

	The addition of manganese to the grade 80 steel mix imparts a significant level of resistance to rust and corrosion, further extending the functional lifespan of the steel frame. 

	Aesthetics
	Although not as angularly striking as One Vanderbilt, the classic skyscraper frame of The Ingalls building is world-famous. 
	The unique design of One Vanderbilts’ frame makes it one of the most instantly recognizable structures in Manhattan, such a uniquely shaped frame would not have been possible to construct using concrete. 



In summary, whilst the Ingalls building is highly impressive for its longevity and innovative means of construction, One Vanderbilt uses cutting edge modern techniques to deservedly be regarded as one of the most impressive buildings in the world. 
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