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Introduction 
Buildings have many functions, two most important functions are to provide shelter and create a comfortable space in which we can live or work, safely. Buildings have evolved significantly over time due to science and materials. Science has enabled us to achieve height, weight and durability which is vital in buildings due to withstanding various climate conditions from winds, rain, ice to very hot temperatures, all of which the building can be subject to in some countries. Building materials are another major factor in developing a successful structure and again it has to with stand various environmental conditions in order to provide longevity of these materials. Understanding these elements are primarily the utmost important factors which will then enable us to develop the structural design processes. 
[image: ]
(Image, n.d.)
There are many Building materials used in construction, some are naturally occurring, and some are manufactured. The key areas that are considered when choosing the building material will be based on:
· cost effectiveness,
· purpose, 
· its environmental, and impact of the structure to the environment,
· [image: ] size. 
The materials used are:
· Wood 
· Cement 
· Aggregates
· Metals 
· Bricks
· Concrete
· Clay                           (Image, n.d.)
· Sand 
· [image: ]Rocks 
· Twigs
· Leaves 
· Ice
· Fabrics
· Glass                               (Image, n.d.)  
· Ceramics. 
In order to use these materials to be applied correctly speciality trades will be used, such as,
· [image: ]Carpenters 
· Bricklayers
· Plumbing 
· Roofing
· Welders
· Structural Engineers.         (Image, n.d.)
Building Materials have been used over hundreds of years with no thought to the environment and the health of the population, especially those involved in building services, maintenance, demolition and refurbishment. 
[image: ]The effects can be from: 
· Vibration 
· Poor acoustic qualities 
· Lightning 
· Humidity                                                                                
· Air exchange                                 (Arjun, 2017)
· Toxicity through the ground from soils and metals
· Carbon emissions from transportation. 
Buildings also have a big impact on the environment, but today we are more aware of these effects and are becoming more sustainable when we build and after. The whole life cycle of the project is considered at design stage. 
 Building materials effect the environment by:
· Using precious natural resources
· [image: ]Carbon emissions 
· Energy usage                                                                
· Waste                                                                         
· Water use.
Energy use in our homes/buildings accounts for round half of the UK’s total carbon dioxide emissions. Under the Climate Change Act 2008 we have a target, which is legally binding of reducing this by 80% by 2050. 
Here are some global statistics on how each country contributes to C02 Omissions.
[image: ]                              (Anon., 2019)
For us to reach this goal we must become more sustainable in the way we live and build. 
Sustainability concentrates on meeting the needs of the present without compromising the ability of future generations in order to meet their needs. 
                                                                                                           
                                                                                                                                                                                                             
                                                                                                       (Image, n.d.)
https://www.youtube.com/watch?v=FbAjxkGvDNs. 

Question. Through your own research, select two existing habitable buildings from around the world, one of concrete frame, one of steel frame and report on the details of their original design planning, construction and their potential impact with consideration to sustainability, at the site of the build. 
Analyse the framing material of each building by comparing and contrasting them in the following areas:
1. Their likely durability and climatic resistance, given the environmental conditions they are exposed to at the site.
2. The likely impact of the frame materials original production process on the environment.
3. The frames ease of assembly and the potential ease of its adaption to different building shape and use, within the life cycle of the building. 

From my research I have chosen to compare and contrast the following buildings:
1. Empire state Building- Steel 
2. Trump Towers- Concrete. 
[image: ]Empire state Building.
The Empire state Building was built in 1931, located in Manhattan, New York. This impressive and famous building stands1453-foot tall, it has 103 floors and took an impressive13 months to build. The architects created a building that would stand out, it certainly does that. Even today this building is one of Americas most famous and visited buildings. 
The building was constructed of steel columns and beams to form a stable 3d grid which allowed them open space inside the building’s floors. The Empire State Building was the first commercial construction project to employ the technique of fast-track construction, which included the materials to be used and the type of floors and column spacing. Work started on the foundations which took two shifts of 300 men working day and night, digging through the hard rock. This took less than two months, next was the steel skeleton frame which rose at a rate of 4 and [image: ]a half stories per week. This became a very efficient and well organised build, which saved time, money and manpower. 60,000 tons of steel for the framework was manufactured and transported via, train, barge and truck from Pittsburgh, already marked which meant they could be immediately hoisted into place, which meant that there was no need for storage facilities and multiple handling. For the delivery of bricks, a railway was built at the construction site to move materials quickly with less effort and strain on their manpower. The bricks were delivered straight into the basement via a chute. When they were needed, they were hoisted up to the exact location. The steel girders could not be raised more than 30 stories at a time, so several large derricks were used to pass the girders up to the higher floors.
In addition to the steel frame, construction materials included:
· 62,000 cubic yards of concrete. 
· 200,000 cubic feet of Indiana limestone and granite, which comprised most of the exterior. 
· 10,000 square feet of marble.
·  6,500 windows, whose spandrels were sandblasted to blend their colour into the tone of the windows. 
· 300,000 square feet of marble for the elevator lobbies and the corridors on the office floors. (Anon., 2014)
Completion took a workforce of 3,500 men paid at $13 an hour, using seven million man-hours, completed 3 months earlier than scheduled and under budget, $24.7 million instead of $43 million. 
[image: ]Today the empire state building may not be the tallest building in the world, but it has taken millions of visitors up 73 elevators, which you would have to climb 1860 steps to reach the top.  
In 1945 the structural integrity of this building was tested when a twin-engine bomber plane crashed into the 79th floor and the only damage was to the external walls but tragically 14 people lost their lives. The building was designed to be a lightning rod for the area, the Empire State Building is struck approximately 100 times each year. 












The Trump Towers 
[image: ]The Trump Towers is a mixed- use skyscraper situated on Fifth Avenue Manhattan, New York. It was completed in 1983 by developer Donald Trump. It has 58 stories, in which its primary use is the penthouse which serves as the headquarters for the Trump Organisation. At the time of completion, this building was the tallest glass clad building as of 2016. It is the 57th tallest building in New York City. 
Construction started in 1979 and completed in 1983. It rises 633ft. The building was designed by architect Der Scutt, who designed a reinforced concrete sheer wall core structure. Exterior columns are tied to the core with a hat-truss top which enables lateral resistance to force such as wind load and minor earthquakes. The façade is a dark reflective glass curtain wall. Before the construction could start the demolition of the existing building Bonwit Taller Building had to be demolished, which its two distinct features were the ornate grillwork made of benedict nickel and two ft high art deco of limestone sculptures. Trump had promised both features to the Metropolitan Museum on the conditions that it was economically viable to remove them intact. However, this did not with costs of $32,000 and a 10-day delay, so Trump ordered them to be demolished into dust without informing anyone and caused outrage to not only the museum but the architect. 
Trump was questioned why build a 58-storey skyscraper out of concrete and not traditional steel girders and this was due to trump having links with New York’s shadier organisations, S&A Concrete. Trump also employed 150 Polish workers, whom most illegally entered the country, and paid cash of less than $5 an hour, without benefits, PPE and who slept on site. A lawsuit was filed against Trump for exploitation.  https://www.youtube.com/watch?v=fnEGFHRW3js
(Anon., n.d.)
Trump wanted this building to be the most expensive building to be built costing $125 million, $25 million over budget. The Tower is reinforced concrete sheer wall core structure, using a staggering 34,000 m3 of concrete and 3,800 tons of steelwork. The impact of this on the environment is catastrophic by the CO2 emissions from the mixing and transportation. During the time of construction there was no life cycle in which we can reuse these materials, only again creating more damage to the environment during demolition. Trump has clearly not considered the effects on the environment and just thought about what he wanted to achieve with no consideration to anyone else. 
Donald Trump faces costs to his business by heavy fines due to the amount of pollution his premises are emitting. 
 Trumps properties do not comply with the greenhouse gas emissions and unless he corrects this, he will be hit with $2.1m bill every year from 2030. It is known that eight of the largest properties pump out 27,000 tons of planet warming gases every year, which is equivalent to 5,800 cars. The biggest potential offender is Trump International Hotel & Tower, a 583ft skyscraper. 
[image: ]In September 2018 The Empire State Building Lite Up Green to mark the beginning of climate control. It is known the Empire State Building has made investments in energy efficiency, infrastructure, public areas and amenities over the years. In 2011 it purchased 110 kw hours’ worth of energy certificates 
In 2011, the Empire State Building purchased 110 million kilowatt-hours worth of renewable energy certificates — enough to cover its yearly electricity consumption. For more on this see, https://www.esbnyc.com/esb-sustainability.
 (Anon., n.d.)
Over the past years the empire state has been under renovation costing $500 million, $20 million being spent on renewable energy, which will reduce the buildings usage by 38% and make a financial saving to the owners of $4.4 million per year.  The investments in energy efficiency will pay for themselves in less than 5 years!
Due to the design of the building renewable and non-renewable sources were not practical and this was the need for renovation and achieve these in other ways. 
These were achieved by:
· Reducing Loads: The building’s 6,500 double pane insulating windows were removed and rebuilt to include a third layer of glass and a reflective film. Heat loss through windows is reduced to a third of previous, and solar heat gain is cut in half.
· More than 6,000 radiators along exterior walls of the building will be fitted with heat-reflecting barriers behind, to reduce heat lost directly through the wall.

· Electrical loads will be reduced by the installation of more efficient lighting that is dimmable and automatically controlled for day lit spaces.
· Efficient Technology: Because of the reduced cooling load (solar gain reduction and reduced lighting), a smaller air-conditioning plant is required. This meant that energy-efficient modernizations could be made to the existing equipment, rather than replacing it.
· Controls: State-of-the art digital monitoring and control of building systems will be used. Sensors will automatically monitor the need for fresh air, reducing heating and cooling loads by reducing the amount of fresh air brought into the building to only that which is necessary. (Anon., n.d.)
Future Energy 
[bookmark: _GoBack][image: ][image: ] 
(Image, n.d.)
[image: ]Concrete Frame vs Steel Frame. 
From the information the Trump towers overall has had a more superior impact to the environment than The Empire State. Using its materials, transportation, construction, sustainability, time, energy, costs, Trump Towers has significantly had more of a negative Impact than the Empire State Building.                                                                                                      (Image, n.d.)  
The Trump Towers design of using a concrete frame has advantages and disadvantages as does the Empire State Building. America can be subject to extreme weathers from -52 degrees to 47 degrees, and hurricanes. This is extreme weathering so durability of materials is imperative to ensure they can withstand these changes throughout its lifecycle.
Cement resists weathering action, chemical attack and abrasion and will still maintain its original properties. The life cycle of buildings today is considerably longer due to the way we utilise them and the science involved. Concrete buildings can last up to 100 years and are only demolished because of their functional obsolescence and not its deterioration. Adaption is utilized to aesthetically enhance structures, extend their size and formation, which is beneficial to the carbon footprint instead of dismantling and rebuilding, as this requires less need for using natural resources. The ease of assembly and transportation is subject to its form and size, trump towers took 500 truckloads of cement to complete the precast frame, this would have extravagant costs financially and to the environment.
[image: See the source image]The Empire State Building was built form steel which was completed off site and transported and erected the same day as there is no need for formwork unlike steel. Steel is lightweight and easy to transport. This has a major advantage to costs and time compared to Trump Towers. Regarding the weather conditions and both being in the same area the Empire state building would stand strong in hurricane compared to Trump Towers but would be at a disadvantage in wet and cold weathers due to corrosion and the costs of continuous treatment and maintenance these costs would excel more to the price of concrete as this does not require regular maintenance. Steel is unique as it is 100% recyclable. when steel is recycled it becomes new steel and not a secondary product. Steel can be reused over and over and is seen as a well invested and sustainable material. (Anon., n.d.)          (Image, n.d.)










Steel Structures Vs Concrete Structures
(Anand Paul, 2020)
[image: ]
(Anon., n.d.)

	Point of difference
	Concrete structure
	Steel structure

	Durability
	A concrete structure is more durable
 
	Durability of steel structure is adversely affected by weathering resulting in corrosion

	Earthquake resistance
	The concrete structure is brittle so they are less earthquake resistance.
	Steel Structure can withstand earthquake more effectively than concrete structure (Anand Paul, 2020)

	Load carrying capacity
	In the comparison to the steel the load carrying capacity of the concrete is low.
 
	The load carrying capacity of steel structure is good

	Scrap value
 
	The scrap value of concrete is nil
 
	The scrap value of steel is good
 

	Self-weight
	The self-weight of concrete is more
 
	The steel is 60% lighter than the concrete

	Foundation
	The foundation for the concrete structure should be strong because of the larger weight of concrete
	The steel structure can be made without foundation

	Construction time
	The concrete structure generally needed 28 days before they are ready to use
	The steel structure is fast in their erection and can be used soon after their erection

	Labour
	It requires less skilled labour
	It requires more skilled labour

	Cost
	The cost of construction is less
	The cost of construction is more

	Joining
	The joints such as construction joint, expansion joint, contraction joint, etc are needed in concrete structure
	The steel component is joined by using rivets, welding, nuts & bolts, etc. in steel structure
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EMPIRE STATE BUILDING

Start of work in 1929 (and completed in 1931)
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Diagram 7 Carbon emissions from manufacture of
construction materials
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The values above may vary depending on numerous factors,
including energy type, transport and production methods. A Life
Cycle Analysis (LCA) usually compares functional units such as
kg/m2 floor area in a floor structure. Carbon storage in wood is
not reported in this diagram.
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