Assignment Title – Construction Materials

Programme – Built Environment (Part Time)
Module code – M4X01314/M4X01349


[image: Image result for trump tower]




Name –  Greg Thompson      
Student Number – 1705753
                                
                                                                                                                         Submission Date – 08.01.2019




Contents page 

1) Steel identity, 

2) Sears Tower – design

3) Sears Tower – Structural adaptations

4) Sears Tower – Construction, Transport

5) Sears Tower – Environmental issues 

6) Concrete identity, Trump tower – design 

7) Trump tower – Construction, Structural adaptations

8) Trump tower – Structural adaptations

9) Trump Vs Sears Comparison, Environmental issues 

10) Trump Vs Sears Comparison 

11) References 

12) References 

13) References 











Within this essay, I will be researching and comparing the Willis Tower (Sears Tower) which has a steel structure to the concrete structure of The Trump International Hotel & Tower. Both of these skyscrapers were influential in the modern age of the construction of skyscrapers. They are both located in central Chicago just 12km apart. This enables me to understand the reasoning for why they were constructed so differently. Both buildings are in exposed to the adverse Chicago environment. I have purposely chosen two skyscrapers that were constructed in different eras, this will help me to identify the different methods of how the buildings were constructed and the effects they have on the environment. 

Steel Frames within construction 
A steel frame is the most commonly used within high rise buildings, commercial buildings and warehouses. This is due to many factors[footnoteRef:1]. These factors will be explored below:  [1:  https://www.approvedindex.co.uk/steel-buildings/steel-building-prices ] 

On average a steel frame costs approximately £35 per m2 (appendix index) this is significantly less than the cost of constructing a concrete frame. However, the manufacturing and the transport of a steel frame can often cause major issues especially when constructing a high-rise building in a busy City. “For example, The Leadenhall building in London was a complete steel frame, this was transported through the night when traffic was at a minimum and they were able to close certain roads.”[footnoteRef:2] These logistical issues have major cost implications on businesses when considering using steel frames.  [2:  Leadenhall building documentary, https://www.youtube.com/watch?v=eg0PqkwPzVA] 


Advantages
Another major factor for using this type of frame especially in the UK is that it can be constructed in adverse weather. If a building has castellated beams, then it allows services to run through them. This is crucial as it makes it easier to connect up all the services and they do not have to run alongside or around the steel structure. 
Utilising steel structures are significantly quicker than an alternative frame to produce. A steel frame can be prefabricated off site which allows it to be delivered, positioned and fixed into place straight away. This reduces the labour costs for the project. 

Disadvantages 
However, there are various disadvantages of using a steel frame. steel being flammable is a huge disadvantage when constructing a skyscraper. However, this can be overcome with intumescent paints extending its melting time by 60 minutes. [footnoteRef:3]  [3:  Steel in construction, fire protection https://www.steelconstruction.info/Fire_protecting_structural_steelwork] 



Willis Tower (Sears Tower)
The Sears Tower which is now known as the Willis Tower started its construction process in 1970 and took until 1973 to be completed; with over 2,000 workers helping on its way up. Sears, Roebuck and company needed a central main office as they had over 350,000 employees in the 1970’s. “They decided to build it on 4.3 million square feet of floor space.”[footnoteRef:4]  The Willis Tower is 110 storey building and was the tallest building in the US until 1982 where the Petronas tower in Kuala Lumpa over took it. The Willis Tower cost £175 million to be constructed. “The architects for this project were influential in conquering the environmental battles that Chicago posed. Skidmore, Owings and Merrill”[footnoteRef:5]  [4:  Willis Tower, https://www.britannica.com/topic/Willis-Tower, Lynn J. Osmond]  [5: https://www.willistower.com/history-and-facts] 

Design
The Willis tower design was introduced by renowned engineer, Fazlue Rahman Khan designed in the 1960’s. The 9 steel hollow tube systems, was originally inspired by a cigarette packet. This system reduces wind forces and reduces the impact of earthquakes; this makes it a stronger and more efficient building. Beneath these steel tubes there are 114 piles going deep into the bedrock of the earth, these are the foundation.[footnoteRef:6] A huge advantage in using a steel frame is that you are able to run electrical cables and service pipes through them. This allows simple designs for internal works and plans that are quick and easy to follow. “There are approx. 50,000 miles of electrical wiring and 25,000 miles of service pipes in the Willis Tower.” [footnoteRef:7] Another advantage of a steel frame is that it can be altered to a certain extent as it can be unbolted and readjusted. However, the majority of skyscrapers are welded together to maximise their strength.  [6:  Wonders of the World, 2002, https://www.pbs.org/wgbh/buildingbig/wonder/structure/sears_tower.html]  [7:  National geographic documentary – mega structures, 2015, https://www.youtube.com/watch?v=_rm1GiS6Rjc] 
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(Image 1.0 taken from slideshow – architectural studies, Neleesh Sharma, Aug 2015) 
There are 9 sections each 75 ft x 75ft. Thus, meaning there is no internal beams between the sections. Not having any internal beams on floors means a gross area of 75ft for large board rooms or storage facilities.[footnoteRef:8] The Willis tower is based on a simple grid (3 x 3). These steel tubes allow movement from the string winds that circulate around Chicago with is being on one of the highest hit cities for tornadoes. [8:  https://metalhub.com/articles/willis-tower-aka-sears-tower-steel-structure-and-construction] 
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(Image 2.0 taken from slideshow – architectural studies, Neleesh Sharma, Aug 2015) 

Structural adaptations 
Having various heights of beams means that the tower can withstand earthquake activity or adverse weather conditions. The design means that tallest sections are encapsulated by the shorter sections, ensuring that the movement is from the ground is minimalistic but allows the sway near the top to withstand the high winds. 
[image: http://www.isgs.illinois.edu/sites/isgs/files/images/eq_of_illinois.gif]

This map shows the history of all earthquakes in the Illinois area dating back to 1572. There have been 5 earthquakes in the Chicago region in the last 200 years. This was a major factor in the architecture behind the Willis Tower. The wide base at the bottom, and the tallest beams located in the centre of the foundation. It was also crucial to have a deep foundation.


                                                                                                                       
                                                                                                            (image 3.0 Illinois history of Earthquake)
The Willis Tower is designed so it can withstand up to 1m of sway in any direction from the high winds off Lake Michigan which is approximately 1km from the water front. The average sway when at the top of the tower is 6inch.[footnoteRef:9]                 [9:  https://curiosity.com/topics/this-world-famous-chicago-skyscraper-can-sway-up-to-3-feet-in-the-wind-curiosity/, Reuben Westmaas, March 30, 2018 
] 
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(Image 4.0 taken from slideshow – architectural studies, Neleesh Sharma, Aug 2015) 
Construction
The Willis Tower was built within a very small proximity. Even though Chicago was not the city it is today in regard to the sky scrapers and the density of population and buildings, large areas of land were still not readily available.  
The foundations of this building are made up from a 3-foot concrete wall around the perimeter of the building, with 114 reinforced piles. This enabled them the ability to construct such a tall skyscraper. The structure was pre-fabricated off site and then welded together once on site. They had approx. 2,000 workers on site at one time.[footnoteRef:10] [10:  National geographic documentary – mega structures, 2015, https://www.youtube.com/watch?v=_rm1GiS6Rjc] 

By prefabricating the steel tubes off site, it allowed for the construction time to be shortened which allowed the building to be opened earlier, maximizing their profits. This was a big factor for Sears and Roebuck as they knew they were going to make additional revenues off leasing the spare office rooms to other companies. They were erecting 2 floors a week, which was unheard of in the 1970’s.[footnoteRef:11]  [11:  National geographic documentary – mega structures, 2015, https://www.youtube.com/watch?v=_rm1GiS6Rjc] 

Transport
The transportation of the materials was an issue for Sears and Roebuck as the largest width of the streets in Chicago was 10ft, this was too narrow for their prefabricated parts. As there was no storage on site these parts were delivered, craned off and welded into space before the next truck load came in. It was important that every part was a) the correct part with no errors and b) delivered on time otherwise it would have caused major delays. “The prefabricators designed a lorry where the parts could be sat at a 45-degree angle. This enabled the girders to be inches off the ground, hanging in between the wheels of the lorry load.”[footnoteRef:12] The Willis Tower was built using a just in time (JIT) production method, this is used world wide for manufactures and constructors. It allows minimal materials to be on site at one time. This was a big factor for the construction of the Sears building as there was no room for storage due to the confined space, they were working in. They are delivered just in time to put together the next phase and therefore reducing costs and wastage within a project.  [12:  National geographic documentary – mega structures, 2015, https://www.youtube.com/watch?v=_rm1GiS6Rjc] 

Environmental issues due to the Construction of the Sears Tower
Steel is produced using a blast furnace, (see image 5.0 below) 51% of all global steel production is used in construction. It contributes up to 6.5% of all CO2 emissions that are polluting the air. This is a huge statistic for only a small fraction of the type of materials that are used in the construction industry.[footnoteRef:13] The production of steel is when the carbon is mostly removed from iron. This has huge impacts on the environment, such as climate change, waste, air and water emissions.  [13:  http://www.greenspec.co.uk/building-design/steel-products-and-environmental-impact/] 

However, steel can be recycled. If they were to deconstruct the Willis Tower, then the frame work could be recycled and used for future projects. “Globally around 85% of construction steel is currently recovered from demolition”[footnoteRef:14], this shows that even though it has major effects on the environment during its creation it does have a prolonged life cycle due to it being able to be reused.  [14:  http://www.greenspec.co.uk/building-design/steel-products-and-environmental-impact/] 




[image: http://www.greenspec.co.uk/images/web/materials/iron-diagram.jpg]


(Image 5.0 from Green spec, steel production and environmental issues)[footnoteRef:15] [15:  http://www.greenspec.co.uk/building-design/steel-products-and-environmental-impact/] 


This is a simplistic diagram demonstrating the process of how carbon is removed from the iron to produce steel 
 An environmental issue for using a blast furnace to produce steel which is often over looked is the mining of the coke and limestone. Land is being used up at a rapid rate due to the construction industry growing.[footnoteRef:16]  [16:  http://oh-theirony.blogspot.com/2012/09/the-extraction-of-iron-and-its-impact.html] 

Concrete Production
Concrete is made up of water, aggregate and cement, concrete is mixed before arriving on site. This process is key to getting the correct strength, durability, pouring and setting ability. If there is an error within the mixture, then it may not have the correct pouring ability or setting time which could lead to the building failing. Once the mixture arrives on site it can be poured into any shape. This is a huge advantage when following specific criteria. E.g. fit in with the environmental surroundings. 
Advantages of Concrete
A concrete structure is made up of reinforced metal bar and concrete. Reinforced concrete is significantly stronger than concrete alone. There are numerous advantages of using concrete as the frame for a commercial or high-rise building. Reinforced concrete is fire resistant, this is crucial and this benefit has been recently highlighted within construction industry after the Grenfell Tower fire. It is also extremely durable and strong; this is a factor for potential investors as they know it’s not going to deteriorate for many years. 
Disadvantages of Concrete 
Pouring the concrete into shape is a time-consuming process. Not only does it take a time to pour, it then takes a month to fully harden. If it is laid in sub 5 degree Celsius it can lose up to 50% of its strength. So, unlike the steel frame this is weather dependent on when it can be poured.[footnoteRef:17]  [17:  https://www.thebalancesmb.com/how-to-pour-concrete-in-cold-weather-845021, Juan Rodriguez, 2018] 

The Trump Tower 
The Trump Tower started its construction in 2005 and was completed in 2009. Trump Tower is just short of the Willis Tower reaching 1362 ft. It is located directly in the centre of Chicago city. Unlike the various other skyscrapers in Chicago, Trump wanted his tower to be for residents only and therefore there was a huge emphasis on the sway of the building.[footnoteRef:18]  [18:  http://www.ctbuh.org/LinkClick.aspx?fileticket=krBBJjwsWjo=] 

Design
The designing element of the Trump tower was extremely detailed as they came across a large issue early on in the project that a steel frame which is predominantly used in skyscrapers would not work on this project. The site area was too narrow for a steel frame foundation as the Chicago River and main roads were surrounding the site. Trump had to employ the leading concrete specialists to produce concrete strong enough to support the frame of his sky scraper. “The concrete needed to be an estimated strength of 16,00 PSI, this is 4 times the standard amount.”[footnoteRef:19] This was unheard of in the construction industry.  [19:  National geographic documentary – mega structures, 2015, https://www.youtube.com/watch?v=_rm1GiS6Rjc] 

Construction
The structure of the Trump Tower solely related to the area they were permitted to lay the foundations. Due to the limited room they had to bulk their foundation in width instead of dispersing the wait through a vast area as normally used when building a skyscraper. The foundation was made up of a 10ft deep concrete slab with 57 concrete columns penetrating the bed rock. This was made up of 175,000 cubic yards of concrete.[footnoteRef:20] It was the largest pour of concrete in the USA and lasted 22 hours, with over 600 lorry loads. Once the foundation was completed, they then needed to pump the concrete up to start filling in the floors and outer frame. They did this by creating the most powerful pump in the world.[footnoteRef:21]  [20:  National geographic documentary – mega structures, 2015, https://www.youtube.com/watch?v=_rm1GiS6Rjc]  [21:  National geographic documentary – mega structures, 2015, https://www.youtube.com/watch?v=_rm1GiS6Rjc] 
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(Image 6.0 of Concrete pump used on Trump Tower) 



This concrete pump has the horse power of a formula one car. It was specially made for the construction of the Trump tower. Since the completion of the Trump tower a similar pump has been used on other skyscrapers such as the Burj Khalifa. The internal core of the Trump Tower is crucial in its existence. “The giant core is made from internal concrete walls. Trumps architects then took inspiration from flying buttress which are commonly found on churches, cathedrals and arches. They used girders to connect the central core to the outer shell this gave the Tower greater stability.”[footnoteRef:22]  [22:  National geographic documentary – mega structures, 2015, https://www.youtube.com/watch?v=_rm1GiS6Rjc] 



Structural Adaptations
The climate is a huge factor for a skyscraper located in Chicago. Just like the Willis Tower it has to be able to withstand high winds and potential earthquakes. Another factor that the Trump architects focused on was potential tornados. “The warm moist air from the Gulf of Mexico meeting the strong cold winds from the Rockies causes high winds and tornados. They encapsulated the glass windows within aluminum frames and secured them to the concrete frame. This disperses the wind energy throughout the concrete structure instead of the glass panes.” [footnoteRef:23] [23:  National geographic documentary – mega structures, 2015, https://www.youtube.com/watch?v=_rm1GiS6Rjc] 

Furthermore, the architects came up with an ingenious idea of having the corners rounded. Trump Tower is located in the cross roads of artificial canyons created by skyscrapers. By having rounded edges and various set backs allows the wind to flow around and not create such strong vortices.[footnoteRef:24]  [24:  National geographic documentary – mega structures, 2015, https://www.youtube.com/watch?v=_rm1GiS6Rjc] 





Environmental issues due to the Construction of the Trump Tower
4 - 5% of the worldwide total of CO2 emissions is caused by cement production.[footnoteRef:25] This statistic clearly shows that the manufacturing of concrete is damaging the environment. Also, with it not being a renewable material, it really does only have one life. The process of pouring the concrete is based around vehicles and transportation. This has a huge effect on the environment; to complete the Trump Tower the transport Lorries and barges travelled a total of 60,000 miles in total.  [25:  http://www.greenspec.co.uk/building-design/environmental-impacts-of-concrete/, Green Spec – percentages on co2 emissions ] 


Willis Vs Trump Tower Comparison
Design 
The two towers had very contrasting designs, this was for a number of reasons. The main was that Trumps’ was a domestic building and not a commercial. This meant that he wanted 0 sway as he did not want people staying in the pent house suit worth $9.95million[footnoteRef:26] to feel like they are out at sea. They are both designed to be able to withstand the Chicago tornadoes and earthquakes with their exterior shapes. The Trump tower obviously has the experience of technology and therefore was more equipped with the type of glass that was used and the concrete that was used. That specific concrete mix was not made or was not even spoke about in 1970 as they didn’t have the resources to create it.  [26:  https://chicago.curbed.com/2018/1/17/16902050/trump-tower-penthouse-87th-floor-sale] 

Construction
The construction element again was highly different this was mainly due to the fact that there was 30 years difference between the two structures being constructed. The health and safety regulations have changed significantly since the 1970. This is clear to see as in 1970 when constructing the Sears tower 6 people died. Whereas the fatalities on the Trump tower was 0. The once similarity they had was that both structures relied heavily on the delivery of their materials being the correct type and on time. Both projects work on a JIT procedure. The trump tower in theory should have taken less time to construct as it the square feet floor area of Trump tower square feet is only 2.6 million whereas the sears tower is 4.3 million square feet. However, both building took 4 years to complete. This could be because the steel structure is significantly quicker to erect than concrete. 
Structural adaptations 
The variation of heights on the Sears tower helps reduce the stress of the wind on the structure.[footnoteRef:27] Where the Sears did this the Trump tower rounded its corners allowing the wind to bypass it causing less stress on the structure. Both towers have large foundations. The sears tower has almost double the amount of piles going down into the bedrock. This is significant as the Sears tower is taller and flimsier as its structural frame is made from steel. The Trump tower has a concrete core going through the centre of its building which is the opposite of the Sears. The sears do not have any internal beams allowing a larger floor space. The other advantage of the trump tower having a concrete frame is that it can achieve 10ft floor heights which is a huge bonus for the domestic side of the Tower. It allows a glass window to stretch from top to bottom of every floor, giving guests spectacular views over Chicago.  [27:  https://www.britannica.com/topic/Willis-Tower] 
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