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Introduction


Steel and concrete frame are two main used materials for building a new development, I will research between habitable Steel structured and concrete structured by comparing and contrasting them in the following areas.
· Durability 
· Climatic resistance 
· Environmental impacts 
· Frames ease of assembly and potential in adaptation

Steel
Steel is an extremely important material in construction, its durable and affordable product. Steel can be used for many different projects throughout construction, including skyscrapers, airports, commercial and industrial buildings, roads, rails, bridges and residential homes. The durability of steel is one of the major factors why its frequently used in construction.
[image: Steel frame structure - Royalty-free Construction Industry Stock Photo]




















Figure 1: example of a steel structure 











Steel frame structure building 
[image: Skyscraper: The New York Times building in Times Square is 52-storys high but the man only made it to the fifth before retreating when asked to by police]

























Figure 2: New York times Building

The New York Times building is a steel structured skyscraper in the Midtown Manhattan in New York City. An Italian architect won the tender for the construction of the New York Times building, his name was Renzo Piano. This would be the home to one of the largest newspaper’s companies in the world The New York Times. Construction started in 2003 and finished in 2007, the height of the building is 319m and consists of 52 floors.

[bookmark: _GoBack]Design planning- The New York times wanted to create a building with an open design which was also transparent with glass facades for energy efficiency. Which would make an open inviting environment for workers and the public. They required the building do have a tapered appearance and hoping for it to reflect the type of news organisation they are. Adequate time was giving to the structural engineers in the planning process as it was important that the building was environmentally caution and economically based.

Durability- Steel is a durable material which is made up from iron and carbon, this makes it a highly resistant element what can withstand high winds, storms and where conditions are difficult. The steel was sprayed with epoxy intumescent coating which is to protect the “structure from hydrocarbon and jet-steam fires in the oil, gas and petrochemical industries” (steelconstruction.info, n.d.). When a fire occurs, a chemical reaction takes place where the coating “expands rapidly” to its original thickness and “generates a foam like layer” (steelconstruction.info, n.d.)
 over the steel.

. 
[image: ]

Figure 3: YouTube video of the New York times building, how the steel structure works under stress.

Climatic resistance- The durability of steel makes it withstand high winds and poor weather conditions which makes it brilliant to use for skyscrapers like The New York Times building. 

Frames impact on the environment- The production of steel triggers many environmental problems which includes air emissions CO, SOx, NOx and PM2. Climate change has been one of the main talking points for the last few years but the steel production affect this as “virtually all of the greenhouse gas emissions associated with steel production are from the carbon dioxide emissions related to energy consumption” (Anon, 2013). Coke ovens which are a process in steel production discharge major pollution gases “coke oven gas, naphthalene, ammonium compounds, crude light oil, sulphur and coke dust” (Anon, 2013). During the steel production process, a separation of the molten steel from impurities in steel-making furnaces creates a molten liquid form called slag. This is not a hazardous waste but can still be a problem to dispose, it can be sold in the construction industry as a retardant to a cement mix.

The frame ease of Assembly- Building a steel structure is fairly straight forward and easily to assemble by experienced personnel but building a skyscraper out of steel throughout the year can be problem when high winds can occur which could make it difficult to build and dangerous to use equipment like cranes. This could delay the job if it occurs many times throughout the steel structure process or if the work was to proceed it could become a risk with steel frames falling from such height or machinery falling over. Steel structure are now pre-fabricated off site this reduces the risks of injuries occur on site which could also delay work.

[image: ]

Figure 4: YouTube video of the New York times building, showing a example of form the steel structure would be formed.



















Ease of adaption to the building- Connections are simpler with steel than other materials, section can be removed from unbolting. Which can make it adaptable and cope with “changing requirements of its occupants”. This means a steel structure is able to avoid “the high costs of redevelopment or demolition”. 

Sustainability of the building at its site: Steel as a material is long lived which can last up to many decades with little maintenance needed. “It is resistant to most environmental conditions that are problematic with the right formulations and coatings, steel will not rust or corrode” (Whirlwind Team, 2016). “Steel is 100% recyclable. Interesting point: any steel you purchase today contains at least some recycled steel” (Whirlwind Team, 2016).  Which is the case with the New York Times building it is said that majority of steel used on this building has been recycled and re used. 









Concrete

Concrete is formed from a mixture of elements, it’s made up from Portland cement, water and aggregates like gravel, sand or rock. These materials are mixed together to form a paste, which harden over time. In Ancient Rome concrete was used but over the thousands of years it has developed. Concrete is as important as steel in construction, its widely used in the world to construct buildings, modern architecture like skyscrapers, roads and pavements. The main reason for its use that it can be precast or poured in to any shape needed. 
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	Figure 5: Example of a concrete structure going up in Cardiff which       would be similar process on the Trump Tower

Concrete frame structure
                                                                              Figure 6: Photo of the Trump Tower

[image: A tall silver skyscraper sits at a jog in the river beyond a bridge. The river and other along its banks buildings are in the foreground.]he Trump Tower is a concrete frame structure built in Chicago in 2006. The Tower has 98 stories which consists from luxury residential apartments, studio apartments, guest rooms from one to four bedrooms and penthouses. The Tower includes retail area, health/ spa club and parking garage for guests and apartment owners.

Design plan- The Trump Tower was designed to have three different level to the Tower to point out to is “architecturally neighbours”. These setbacks corresponding to the heights of the famous buildings by the Trump Tower in Chicago. The three setbacks come at the 16th story, 29th story and the 52nd story which replicates the heights of the Wrigley building, River plaza and the Mies building. 



Durability: Concrete has the ability to last an extensive amount of time under stress. Concrete is able to stick to its original engineering status through “weathering action, chemical attack and abrasion”. Durable material like concrete “helps the environment by conserving resources and reducing wastes and the environmental impacts of repair and replacement”. 

Climatic Resistance- A curve profile was needed on the outside of the building to help with the high winds that occur in Chicago, some are as high as 300mph. The curve was designed to try and confuse and break up the wind, to stop it building it up and putting pressure on the building. The strong concrete frame and curve of the building were also needed due to climatic resistance that the building would come under like tornados which are major problem in Chicago, this building has got to deal with the stresses it comes under with that.






Frames impact on the environment- The production of cement results in high levels of CO2 outputted and it’s the third highest “producer of anthropogenic (man-made) CO2 in the world after transport and energy generation” (greenspec, n.d.)
. Around 5% of the world CO2 emissions occur from cement production. One tonne of cement production results in around 780kg of CO2. 
Estimation of the frames likely impact on the environment 
175,000 cupid yards of concrete was used on The Trump Tower 
I cupid yard is roughly 1.840 tonnes of concrete. 
175,000 (cupid yard concrete) x 1.840 = 322,000 tonne (amount of concrete used on the building. 
322,000 x 780= 251,160,000KG (amount of CO2 created from The Trump Tower in Kilograms.
Another environmental impact which occurred from this job was the emissions given off from the truck loads traveling from the yard to the building site. It has been said that roughly about 404 grams of CO2  is made per mile. The yard was 3 miles away from the site and 20,000 loads were needed for the job.

20,000 (concrete needed) x 3 (distance between the yard and site) = 60,000 miles

60,000 (distance between the yard and site in total) x 0.404 (CO2 per mile) = 24,240kg of CO2 was created from the traveling of the wagon. 




















The frame ease of Assembly- Concrete structure can be much more time consuming due to needing to shutter up and rebar before pouring but Donald Trump wanted this job done at speed and quality. Plying the workers under pressure, a staggered construction method was use where you can construct two floors at a time. Big problem which can affect the job with concrete is the traffic especially in a busy city. With more than 20,000 loads needed for the job, traffic could affect timescale and communication is needed. Below are photos of a job I visited in Cardiff to see how a concrete frame is constructed and the amount of work needed behind it. This is roughly how the Trump Tower was built at a far lower scale.


[image: ]





  Shuttering that needs to be placed before any    concrete can be poured. To help form the right shape for the column.
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Supports in place to hold the concrete slabs until it’s at the tensile strength
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Rebar placed in the columns and slab to help the stress the concrete will come under. A concrete slab floor will give away without the support of the rebar as its good under tension.






















Ease of adaption to the building- Concrete is a hard material to adapt to as the connections are far more difficult, can become complicated with rebar being needed to be added. The Trump Tower is in a busy city area with it being in the middle of road and near the Chicago river, this leaves it with not much room to adapt to the building.

Sustainability of the building at its site: Life span of most buildings is normally 30 years but most last longer and concrete buildings are normally “demolished due to functional obsolescence rather than deterioration” (Cement.org, 2019). The likelihood is that The Trump Tower will be able to function for this long and withstand “nature’s normal deteriorating mechanisms as well as natural disasters” (Cement.org, 2019). Which is the case with The Trump Tower withstanding the high winds and the threat of tornados.







Conclusion 

Comparing- Steel buildings are normally quicker to build but in this instance both of these jobs have taken 4 years to build. I believe this to be down to Trump wanted his job done fairly fast, this meant the quicker it was done the quicker he could open for business. He was quoted saying “speed is everything”. Both buildings can withstand the durability and climatic resistance stresses that they come under like high winds and natural disasters (tornados in Chicago). They’ve both been built for over a decade and don’t show any signs of deteriorating. The both materials have major impacts on the environment during their process. Suitability wise the materials are able to last for many decades at their original state without any having any problems or work needed. Which makes it cost affect for companies to use these materials.



Contrasting- Steel has a higher strength to weight ratio than concrete, which can make it more ideal for a skyscraper except for The Trump Tower, as he wanted his building to be stable and not sway in high winds. The steel frame assembly process is easier as you don’t have as many factors in place affecting it. The steel is pre- fabricated off site, as it arrives at the site it can be used straight away unlike concrete where there’s weather factors (concrete can’t be poured unless its more than 3*), more labour, shuttering and rebar needed and a lot more room is needed on site to construct a concrete structure. Adaptability of The New York Times building will be easier as pieces of steel are able to be unbolted and placed with new pieces if need be. A concrete building layout is able to be changed but structural engineers would make final decision on areas being demolished like walls or columns. Recycled steel was used for the New York Times building which makes it a more sustainable material than concrete and also in the future if the structure was to be demolished the steel could be recycled and re use.
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