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1. Executive Summary
This Report aims to compare and contrast the difference between a Concrete Building and a Steel Frame Building. For the Concrete Building, I will be focusing on the Colosseum in Rome, Italy and for the Steel Frame Building; I will be focusing on the Walt Disney Concert Hall in Los Angeles, USA. I will be looking at both the environmental and local impact on both buildings. 



2. History and Sustainability of the Colosseum

Located just east of the Roman Forum, the stone amphitheater, known as the Colosseum, was commissioned around A.D. 70-72 by Emperor Vespasian of the Flavian dynasty. It was given as a gift to the Roman people. After four centuries of active use, the magnificent arena fell into neglect, and up until the 18th century it was used as a source of building materials. Though two-thirds of the original Colosseum has been destroyed over time, the amphitheater remains a popular tourist destination, as well as an iconic symbol of Rome and its long, tumultuous history. A. (Cartwright and Cartwright, 2019) Research shows the Colosseum’s architect is currently unknown and the amount of people included within the construction of the building is also unknown, however, assumptions are that tens of thousands of slaves were involved in the construction. Research has shown that the construction took over eight years to build, it is 2,000 years old and also built out of a combination of Roman cement, Travertine (Limestone) and Tuff (Volcanic Ash). B. (The Roman Guy, 2019). The word concrete comes from the Latin word ‘Concretus’ which translates into compact or condensed. C. (Youtube.com, 2019)
The popularity of the building produces high numbers of tourists every year. According to Trip Advisor, the Colosseum was the World’s most popular tourist attraction in 2018. D. (Wanted in Rome, 2020). With tourists purchasing entry tickets and helping local trades around the building, it helps to sustain tourism for the community within the City of Rome. 
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(Picture taken by myself in Rome, January 2019)



2.1	Construction and Materials used for the build
The Collosseum stands at a height of 45 meters high, a width of 189 x 156 meters and an overall oval arena measurement of 87.5 meters by 54.8 meters. A. (Cartwright and Cartwright, 2019). The Collosseum is the largest amphitheatre in the world and is a free standing structure made of stone and concrete. There were several materials used to construct the building, one of which being Travertine. This is a limestone that the Romans called Lapis Tiburtinus. It is a sedimentary stone which is made essentially of calcite and deposited by calcareous waters. This type of stone can be whitish, reddish and yellowish in colour and is still used to build in Tuscany. 
The other material included within the build of the building was a material called Tuff. This was a stone which was produced by the volcanic material which would have fallen from the hills of Pozzuoli in Italy after eruptions and added to the production of the cement. E. (The-colosseum.net, 2019). The volcanic ash is an adhesive binding agent that produces an extremely strong concrete. This can be classed as non-hydraulic cement, as it has regained its strength for so many years. 
Recent studies have shown that the romans secret ingredient which also helped the cement stay compact for longer is sea water. As stated on the UNEWS website, the volcanic ash, limestone and sea water was mixed to make the mortar. They also incorporated bits of volcanic rock into the mixture as the aggregate to produce cement. F. (Unews.utah.edu, 2019). By adding all ingredients together it produced what is known as a Pozzolanic reaction, which is the type of cement that is usually used to build large hydraulic structures such as bridges.																
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(Microscopic image of roman concrete courtesy of Marie Jackson) 		(Volcanic Tuff rock sample, picture taken from 123rf.com)


2.2	Production of Roman Cement and the Environmental impact
Referring to the information provided above, by adding salt water, limestone and Volcanic Ash/rock to produce the roman cement, research has found that the romans used fewer emissions when going through the production stages. In comparison to the most common used concrete blend, Portland cement, Paulo Monteiro, a professor of Civil and Environmental engineering at the University of California, Berkley, has a team of researchers who analysed both Portland cement and roman concrete to find 7% of carbon dioxide that industry’s put into the air comes from the production of Portland cement. As the Portland cement is produced by mixing limestone and clay into kiln which can reach temperature of 1450 degrees Celsius, carbon is emitted by burning the fuel to heat the mixture. In addition to this, the romans used much less lime, and they made it from limestone baked at 900 degrees Celsius or lower which produced much less emissions. G. (HISTORY, 2019)
Roman concrete sheds light on existing modern concrete blends that have been used more environmentally friendly partial substitutes for Portland cement such as volcanic ash or flu ash from coal burning power plants.


1. History and Sustainability of the Walt Disney Concert Hall, LA
In 1987, the widow of the late Walt Disney, Lillian Disney, donated $50 million to begin construction of the stunning Walt Disney Concert Hall in Los Angeles. 
[image: ]A Mr Frank Gehry was the chosen architect for this project after winning the international competition which was held for the position. The hall took 16 years to complete, including a 10 year delay, and opened on the 24th October 2003. It was originally due to be a stone clad building by the original design, however, Frank Gehry has produced a fantastic building in Bilbao called the Guggenheim Museum, which was made by Titanium-Clas. 
(Picture of Walt Disney Concert Hall)               

He received such public praise for the building that he decided to change the material of the design to a 3D stainless steel panel system. By using the stainless steel it would give a more high gloss finish and also stone clad would have been too heavy to use for the design he had in mind. H. (Double Stone Steel, 2019)

The building is located in between China Town and downtown Los Angeles I. (Google Maps, 2020) The Concert Hall hosts many acts throughout the year and is a popular venue to watch musical acts. Apart from the issues they had which are mentioned within the construction information below, the community of Los Angeles and the surrounding area gain from the Concert Hall as visitors or customers use their facilities whilst visiting. Such as a restaurant or bar. 





3.1 	Construction and materials used for the build


The main materials which were used to build the Walt Disney Concert Hall were iron (which has a high compressive strength) and stainless steel, also known as an alloy metal as it is two metals mixed together. The building is a total of 10,000 tons of steel. Regarding the production of the metals used to make the steel frames and sheets, thermal and electrical energy would have been used to melt a mixture of Chromium, which is used for coating iron and steel, iron ore and nickel through an electrical arc furnace which would have an electrical breakdown of gases and would produce a temperature of 1,800 degrees Celsius. As stated in the Walt Sidney Concert Hall construction process, this frame work was produced to create the support frame for the Walt Disney Concert Hall, prior to it being built. J. (Design Life-Cycle, 2019).
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(Photo taken by Wenny arts n Design May 2017)


Mr Gehry used steel sheets for the building on purpose, as it was the best material to use for the design of the building. Using steel has its advantages, such as it is a lighter weight than concrete which makes it prefabricated and helps the build process to be quicker. When strength to weight ratio is compared, it is much stronger than cement and can also help architects when it comes to the shape of a design. The disadvantages of using the stainless steel it is a much more expensive material compared to concrete, which when working on a budget can be an issue. Although it takes a high amount of heat to melt steel or metal, if temperatures raise to higher than 700 degrees Celsius, it can lose most of its strength.  
The main issue which occurred due to using the steel sheets was the light which reflected from the sun and heated the steel panels. This made it uncomfortable for people passing by as some areas of the pavement would reach an astonishing 138 degrees Celsius. The glare from the sun onto the shiny steel sheets also caused issues from drivers passing by as it would blind their vision. Officials confirmed that certain panels which were highly polished on parts of the building were causing the glare and needed to be sanded down to prevent it for any future problems. Stakeholders agreed on two types of sanding to commence, one being vibrational sanding to dull large areas and also orbital sanding to provide a more acceptable finish to the areas. This has reported to have cost as much as $90,000.00. K. (ThoughtCo, 2019).



3.2	Production of steel and the environmental impact


Over decades, carbon dioxide emissions have been an issue, which includes the production of carbon dioxide, and is proven to be a major concern. A survey of mining and quarrying trends was done by the Department of Interior regarding all materials handled within the production of steel. It included both products and waste and showed 55% of crude iron was produced and 45% in waste. A conversion calculation concluded a total of 765 hundred million pounds of CO2 during the year 1997 from using diesel alone was used during the iron ore extraction. H. (Design Life-cycle, 2019)
Although the within the production of producing steel manufactures high levels of CO2 emissions, stainless steel does have its benefits. It is theoretically 100% recyclable and due to its long term life, it is a much better environmental performer than any other material. In 2007, around 27 million tons of hardened steel were delivered, taking roughly 16 million tons of reused tempered steel and different materials to produce this amount. The measure of reused hardened steel in any pure article is around 60%, this will increment anyway as the utilization of tempered steel extends as treated steel created today won't really be reused for 20-30 years. L. (Bssa.org.uk, 2019)



2. Conclusion 

With regards to both buildings, they differ in many ways but also have topics in common from a material aspect. Starting with the Colosseum, the freestanding structure has been erect around A,D 70-72, and is still to this day, standing strong. According to research it took six to eight years to build the Colosseum M. (Reference, 2020) and as mentioned above, by using Roman Concrete which has proven to last years. There are many positives for using this cement, one being the life span of the concrete, the fact by using concrete is one of the cheapest materials to use for a build and also the fact that when producing the concrete, it did not produce high emission levels. Over the years, a combination of natural disasters and weather have had a big impact on the original look of the Colosseum, but when visiting the stunning building in 2019, its current look is still breath-taking. 
On the other hand, the Walt Disney Concert Hall is also an impressively designed building. Installing steel structures is usually a lot faster than a concrete structure, but there were issues when building the Concert Hall which resulted in redesigns and construction issues on-going for 16 years. As steel is seen as being used as an easy to erect and also strong material, it does have its negatives. Whilst producing the steel for this building, the CO2 emissions were found to be high, which does not help the environment. Steel is also very costly and if problems occur, could prevent budgeting not going to plan. However, unlike concrete, steel is 100% recyclable which is a huge positive with how important recycling is for the current economy state. 
As an overall conclusion, both buildings stunning architecture will be here for years to come. 




3. References 

A. (Cartwright and Cartwright, 2019)

B. (The Roman Guy, 2019) 

C. (Youtube.com, 2019)

D. (Wanted in Rome, 2020)

E. (The-colosseum.net, 2019)

F. (Unews.utah.edu, 2019)

G. (HISTORY, 2019)

H. (Double Stone Steel, 2019)

I. (Google Maps, 2020)

J. (Design Life-Cycle, 2019)

K. (ThoughtCo, 2019)

L. (Bssa.org.uk, 2019)

M. (Reference, 2020)





5.1	Picture references 


(123RF, 2019)

(Double Stone Steel, 2019)

(EurekAlert!, 2019)

(Fundamentals, 2019)







2

image3.jpeg




image4.jpg




image5.jpeg




image6.jpeg




image1.png
Prifysgol Cymru
Y Drindod Dewi Sant

University of Wales
Trinity Saint David





image2.png




