
Luke Morgan	Assignment 1	Construction Materials
 




Contents
Introduction	2
Analysing the method of construction in the Ingalls building.	3
Ease of assembly and adaptation.	3
Analysing the method of construction used in the Willis tower.	5
Ease of assembly and adaptation.	6
Advantages and Disadvantages	7
Reference List	8


















[bookmark: _Toc194092370]Introduction
[image: Ingalls Building, Cincinnati, Ohio, USA, Detroit Publishing Company, 1906]After researching I have selected two habitable buildings, one being a concrete framed building and one being a steel framed building. In my report I will analyse the framing materials of both selected buildings which will include strength, durability and climatic resistance. I will also report on the original production process to both the environment and the community, while also looking at the ease of assembly and adaptation of both building. To end the report I will produce a table containing the advantages and disadvantages of concrete and steel framed buildings. 

Concrete Framed Building.
For the concrete framed building I have selected the Ingalls building located in Cincinnati, Ohio.




Figure 1 Cincinnati Museum Centre/Getty Images, (1903) View of the Ingalls Building during its construction. Available at: https://www.gettyimages.co.uk/ (Accessed:27.03.25)



[image: Exploring the Willis Tower: A Must-Visit for International Students in ...]Steel Framed Building.Figure 2 Balbus, MB. (2010) Photo of the Willis Tower. Available at: https://mccollege.edu/ (Accessed:27.03.25)

For the steel framed building I have selected the Willis tower located in Chicago, Illinois.
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The Ingalls building was erected in 1903 making it the first high rise concrete framed building in the United States. The architect company was Elzner and Anderson and the structural engineer was Ernest Ransome
Building specifications: 
· 15 stories high.
· Floor area of 13,000sqft per floor.
· Frame material was reinforced concrete.
· Wall thickness at the base of the building was 1.8m thick and at the top it was 0.3m thick.
· Printed exterior concrete made to look like brick.
Pre 1903 most people thought It was impossible to create a high rise building where the frame was made out of concrete. Ernest Ransome thought different, in 1884 Ransome patented a system of ferro concrete with the iron rods twisted. Having the reinforcement rods twisted made the building possible as this improved the bond between the concrete and the reinforcement therefore by using this method it increased strength and durability.
In Cincinnati, Ohio they experience very hot summers (32 °) and cold winters (10 °), this was concerning for many people before construction as they were unsure if the concrete framed structure would be able to cope with the huge differences in temperature over the year as concrete expands in heat and contracts in cold, which is the main reason concrete cracks. The twisted steel rods inside the concrete made the concrete more resistant to cracking due to the better bond between the steel and the concrete. Another huge factor to ensure the concrete would perform is to allow the concrete to dry/cure, fortunately the engineers monitored the concrete to ensure it had cured without internal stress fractures. The thick concrete walls at the base of the building acted as a thermal mass this regulated the temperature fluctuations between the seasons, with the walls being so thick they also helped prevent moisture infiltration which would of led to surface cracking due to moisture expanding when frozen. Cincinnati has high humidity levels and a fair amount of rain, this would have had to been taking into consideration when building due to trapped moisture expands and causing to surface cracking and chipping, to mitigate this they used a very dense concrete mixed which had low porosity therefore reducing water absorption and they used efficient drainage and sealing this prevented pooling around the foundation. 
Being a high rise building it will come against strong winds which can sway the building, if the building has not been built properly it could damage the building causing stress cracks, the ingalls building has a small footprint of 15 x 30m making it at risk of lateral wind forces. The engineers were aware of these challenges and done load testing which is where the engineering will conduct a series of test prior to construction of the building which ensure that the building would be able to withstand the wind forces it came up against. The reinforced concrete structure acted as a single unit due to it constantly being poured and all steel was joined together this made it resistant to swaying during high winds, the steel reinforcement bars in the structure would also distribute winds evenly. Fires were common in the 20th century due to timber framed buildings, fortunately concrete has a natural fire resistance whereas steel structures would need additional fire protection. Cincinnati has frequent thunderstorms which can lead to flooding, so the engineer elevated the foundation in order to keep the building.


[bookmark: _Toc193959645][bookmark: _Toc194092372]Ease of assembly and adaptation.
Ease of assembly is not so easy with concrete due to it being labour intensive. All of the concrete was poured on site meaning long waits for the concrete to cure, which meant a lot of monitoring and tests were needed before proceeding with works. With regards to adaptation in concrete frame is not great as once it has been poured it cannot be moved, but the only adaptation with concrete frame is that you can build on top as long as the foundations can warrant the weight.
Impacts
Firstly the Ingalls building had a positive impact on the community as it created jobs and boosted the economy but unfortunately the construction of the Ingalls building did come with some H&S concerns. Back in 1906 pump trucks weren’t available to pump the concrete therefore they had to manually mix the concrete then barrow it and pour it this would expose them to dust for prolonged periods of time making it unsafe working conditions. Another negative impact is that cement requires lots of energy, the lime kilns that are involved in the production of concrete were powered by coal and wood which releases carbon dioxide therefore creating a huge carbon footprint. The aggregates being sand, gravel and limestone to extract these from the ground we would need heavy machinery which worsens the carbon footprint of concrete. 
A negative impact for both the environment and community would be the air pollution created by the creation of cement on site. The dust particles become airborne affecting everyone in the proximity of the site and ultimately affecting the air quality, also at the end of the day the workers would need to clean the cement mixer in order to maintain it, they would wash it out and the water mixed cement to the nearby drain which would affect the nearby rivers and groundwater.
A huge positive impact would be that they successfully built a high rise building out of reinforced concrete which give other companies the confidence to replicate the Ingalls all around the world and in the area. Cincinnati transitioned after the construction of the Ingalls from low rise building to high rise concrete framed buildings this helped with better land use and population density. 
Despite all the negative impacts to the environment there are a number of positive impacts, one being the reinforced concrete structure will last a lot longer than other construction methods used back then and now such as wood or steel framed buildings, concrete framed structures tend to require less maintenance therefore reducing long term material use.
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The Willis tower was erected in 1973 and is located in Chicago, Illinois at the time of construction it was the tallest building in the world at 442m high and is still an engineering masterpiece due to its innovative structural system. It was designed by an architect called Bruce Graham and the structural engineer was Fazur Rahman Khan. The overview of the project was that the design needed to accommodate 13,000 employees and making the offices as big as possible

Building specifications
· 442m high
· 110 floors
· 418,000m2 floor area 
· 76,000 tons of structural steel
· Concrete foundations drilled into bedrock
· Exterior cladding with windows
The foundations of the Willis tower consisted of caissons which are piles, these were drilled down to 30m into bedrock this was essential due to Chicago being famous for their soft soil, high winds and earthquakes. These foundations ensured stability and load distribution making it highly resistant to wind forces of up to 110mph and can sway 3 feet in each direction with no damage to the building as well as an earthquake magnitude rating of 6.75. Due to the nearby Chicago river it was imperative that the foundations were waterproofed otherwise you would risk severe structural failure in time.
Engineer Mr Khan came up with a new steel structure idea called the bundled tube structure, which was an entirely new concept to design tall building. This consisted of nine interlocked rectangular steel tubes as appose to a single rigid core with steel columns. Some of the nine tubes end at smaller heights than others which gives the building its unique tapering form as well as saving 30% steel materials to your more common skyscrapers. By using this design the building is able to achieve the ratings above while also achieving extreme height without massive structural weight. The bundled tube system was created by using welding and bolts, all of the steel sections were delivered in many pieces where it could be assembled on site.
Pre construction the Willis tower engineers completed a wind tunnel test where they could tweak the design to ensure stability and that the skyscraper was feasible, which it was in fact it can withstand sways of up to a controlled 6 inches due to strong winds and receive no structural cracks or damages you may think that 6 inches is a lot but due to the bundled due system it decreases wind induced sway by 40% to more common designs.
A huge problem with Chicago is its climate, it has extreme temperatures differences between summer 38°  and winter -29°. This was a huge obstacle during the design of the skyscraper due to steel expansion, steel contracts in cold and expands in heat which can not only cause structural stress it can cause material fatigue over long periods of time. To mitigate this issue they designed the building to use flexible expansion joints, this allows the steel to have movement without it being damaged. Due to the immense temperature changed special high strength steel and reinforced concrete was use to cope with the temperatures. On the exterior of the building there are thousands of windows due to the temperature they had designed a glass curtain wall system as a normal rated glass would shatter due to the temperature changed. 
The steel frame had to be coated with anti-corrosion paint due to the heavy rainfall Chicago is used to seeing this prevents the steel from rusting and becoming weaker in turn jeopardizing the structural safety of the building. Similar to the Ingalls there were drainage systems added at key points around the site to force the rainwater away from structural elements of the building.#
The Willis tower gets struck by lightning  more than 100 times per year, when designing the building they had put in lighting rods designed them to be installed at the top of the building to redirect the energy into the ground. Electrical grounding systems were installed to prevent power cuts and unnecessary fire hazards. 
[bookmark: _Toc194092374]Ease of assembly and adaptation.
It doesn’t get easier when It comes to ease of assembly and steel framed buildings due to the structure can be pre drilled and manufactured off site, so when it comes to site all you would need to do is assemble it therefore it reduces a huge amount of labour and waste which in turn creates a higher profit margin.
Also using steel allows for crane usage, the crane will lift the steel into where it is required and on site operatives can bolt it together reducing any health and safety risks and also making construction of a high rise building more efficient.
Steel framed buildings allows the architects to make changes to the structure as and when needed as usually its only a case of removing the bolts and moving the steel to its new partition. Even if there has been an error in either the designs or ordering on the steel it possible to extend or reduce the size of the steel. 
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[bookmark: _Toc193959647]Steel framed buildings 
	Advantages 
	Disadvantages 

	Strength to weight ratio 
	Expensive

	
Efficient construction
	Low fire resistance

	Adaptability 
	Corrosion

	Sustainable 
	High carbon footprint

	Recyclable therefore sustainable
	Not soundproof 

	
	

	
	


[bookmark: _Toc193959648]Concrete framed buildings
	Advantages 
	Disadvantages 

	Fire resistance
	Non efficient construction

	Wind resistant
	High costs due to labour

	Unique design
	High carbon footprint

	Long lifespan
	Cracking issues

	High strength
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