Concrete Frame Vs. Steel Frame Comparison in Construction
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[bookmark: _GoBack]Introduction
In this assignment, I will look at two buildings from across the world, of specific make up. One of Concrete frame construction and one of Steel frame construction. The aim is to establish a comparison between the two from a construction standpoint. The main point of comparison is broadly going to be the steel frame vs the concrete frame. Within this I will look specifically at points such as, durability, climatic resistance, production of raw materials on environment and ease of assembly/adaption to building shape. 
The Concrete frame construction I will look at is the Unite d'habitation in Marseille and the Steel frame construction I will look at is the Empire State Building in New York City.

History
Unite d’habitation
The Unite d’habitation in Marseille was designed by Charles-Édouard Jeanneret, also known as ‘Le Corbusier’, a now famous Swiss-French architect. Completed in 1952 it was a project that was designed and constructed in the aftermath of the second world war and was to lend itself to a sense of liberation that had been missing for the whole of the previous decade. It was a response to the unprecedented need for housing at the time. Designed for around 1600 residents, and to include residential and communal living spaces. This was to include many amenities and also incorporated a sky garden on the roof which had a running track. (Le Corbusier's Unite d’Habitation, The Architectural Review, 8 July 2016, Kenneth Easton).

Empire State Building
The Empire State building was designed and built in Midtown-Manhattan in 1931. The project was headed by John Jacob Raskob who was previously a vice president of general motors. He was inspired by the ‘Skyscraper Race’, which was sparked when the Eiffel Tower was built in 1889. Raskob employed the Architectural firm, Shreve, Lamb and Harmon Associates to undertake the design. The design was determined to be steel framework with which was to be undertaken by the building contractor firm, Starrett Brothers and Eken. 
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Photo: nycpics Early site configuration for the Empire State Building
The build was run like a well-oiled machine was a model of efficiency. The frame went up 4.5 storeys a week. Once the steel frame was finished, the builders had to overcome the obstacles of the site being that the site was located in a bustling area of the city. Standing at 1250 feet tall and holding the title of worlds tallest building for almost 40 years, the building is still a famous landmark and from a construction project standpoint it is still considered a marvel to date. Jennifer Rosenburg, The Empire State Building, ThoughtCo.com, June 26, 2019).
Material Selection and Production Comparisons
Cost
For almost all construction projects, a big factor in how they are designed and built is cost/feasibility. Historically, both Steel and Concrete have had to use a lot of resources to manufacture. From raw materials and transportation, to the power that is needed to heat up the furnaces that ultimately produce the physical product. As both industries are in constant wide use globally, with approximately 10 billion metric tons of concrete produced annually (https://concretehelper.com › concrete-facts), and around 2 Billion tons of steel produced in 2018 (World Steel Association, https://www.worldsteel.org), we can safely say that billions of pounds are spent each year on both materials. 
For both the Unite d’habitation and the Empire State Building, materials were selected to fit the needs of the building. 
For the size and scale of the ESB, to produce the building in the middle of the ‘skyscraper race’ that was going on at the time, meant that one of the design parameters was to get the building up as quickly as possible. The ease of being able to construct the frame by bolting it all together in a small footprint in the middle of Manhattan, as opposed to co-ordinating, producing, moulding and pumping concrete on site, ultimately, greatly saved on time, which in turn, meant wage bills were far less, therefore being very cost effective for that specific build. 
With the Unite d’habitation, Europe was still feeling the effects of World War 2 with certain parts greatly needing housing and accommodation. Again, the build had to be cost effective, so reinforced rough cast concrete was deemed the most cost effective as concrete prices in Europe were cheap at the time. (AD Classics: Unite d' Habitation / Le Corbusier, Andrew Kroll, November 05, 2010, https://www.archdaily.com/85971/ad-classics-unite-d-habitation-le-corbusier )
	Comparisons

	Empire State Building

	Ultimately, comparing the two builds, the ESB is still considered today to be a great achievement in construction today, having come together in such a short amount of time. The steel frame method demonstrates efficiency in this instance with the fact that it went up at an average rate of 4.5 storeys a week. This is going to have massively saved when it comes to labour resources relative to the size of the build.

	Unite d'Habitation

	The Unite d’habitation actually turned out to be a disaster in more ways than one. It came in millions of pounds over budget. A few factors are considerable when looking at why the scheme was a disaster. One reason was that the materials chosen were not of a high enough quality, this ultimately meant that they had problems during the construction phase, meaning that time and resources were wasted heavily. It also meant money was spent going back over to rectify any problems. Another reason was that it was organised poorly, being delivered a staggering 5 years past its original completion date. With materials and labour resources not correctly managed, the Unite d’habitation ended up not delivering on the majority of its original design parameters.




Durability and Climatic Resistance
[bookmark: _Hlk29891427][bookmark: _Hlk29891943]The ESB is situated in New York City, New York. This being a city that is situated on the eastern seaboard of the USA, is greatly influenced by a range of climatic factors. The steel frame construction will have had to stand up to some of these factors over the years it has been standing since its original build. The Average temperature range in NYC is between -3*C and +29*C (NOAA). This temperature range will have an effect on the overall strength of the steel, heating it up in the summer during the day, and exposing it to sub-zero temperatures at night during the winter. Also, being in such close proximity to the sea, you will have salty sea air trying to penetrate the steel year in-year out. Steel will rust only if water and oxygen are both present and the rusting process is greatly accelerated by pollutants in the atmosphere, such as sulphur dioxide from the burning of oil, coal, or gas and chlorides from de-icing salts or marine atmospheres. This can be combated by the use of layers of protective coatings being applied to the steel (Guides to Good Practice in Corrosion Control, Coating for the Protection of Structural Steelwork). This can be achieved by spraying or dipping the members in the required sort of coating for the environment. One of the main techniques is to ‘Galvanise’ the steel. This is where the steel has been immersed into molten zinc to obtain a coating that is metallurgically bonded and will offer long term corrosion protection (7 reasons why you must galvanise steel, https://www.galvanizing.org.uk/galvanise-steel/). Another factor is the potential need for fire protection. Steel generally does not perform well when exposed to high temperature and can fail when subject to such conditions. Protection is key and can be achieved in a range of ways demonstrated by the diagram below.
[image: Fire protect.jpg]
Diagram: Alan Nantel, Steel Lecture Power Point Presentation.
Intumescent coatings will generally offer up to 2 hours fire protection, the three other methods in the diagram offer up to 4 hours protection. For specific builds you would need to determine which is going to be the most feasible and suitable, relative to the project. For any sort of habitable building, fire protection is a must and very likely mandatory by law.
[bookmark: _Hlk29894477]The Unite d’habitation is located in Marseille, in the south of France. Similarly, the city is in close proximity to a large body of salty water. Marseille is on the waters of the northern Mediterranean. The temperature range in Marseille is averagely between 5*C and 29*C (NOAA). The factors effecting the build environmentally are going to come from the weather of the region, relative rainfall and humidity are going to be contributors to the way the concrete is proportioned and mixed. With a yearly average range of around 24*C, the concrete in the build is subject to change annually and we can expect that it will change day to night. Temperature change can cause cracking, Spalling, distress and aggregate expansion, which can lead to strength deterioration. High temperatures, could lead to colour changes in aggregates leading to abrupt loss of compressive strength. While, lower temperature, less than zero, usually ends up in cracking and low resistance against freeze-thaw effects. A common practice to reduce the undesirable crack propagation in concrete mixtures under thermal effects is to use fibres due to having persistency in behaviour under various environmental conditions. As we have been able to determine that on average in the region, the temperatures are not below zero commonly, it can be assumed that largely freeze-thaw will not be a playing factor in any deterioration. Although it is still important to account for such variables when considering the correct mix ratios. For example, freeze thaw will be effective when pores in the make up are filled with moisture, once the temperature drops below zero, these frozen moisture pockets will expand and start to crack. In this instance, what really matters is the distribution of the pores and their discontinuity. Bleeding is a source of continuous or semi continuous pores. Bleeding is initiated by the settlement of cement particles in the surrounding mixing water, after compaction in place. (Day, K.W. (1995) Concrete Mix Design, Quality Control and Specification, E&FN Spon, Chapman & Hall, 2-6 Boundary Row, London SE1 8HN, UK). So, also delivery of concrete to its final destination is to be scrutinised, ensuring correct measures are taken to enable even distribution throughout mouldings.
	[bookmark: _Hlk29913701]Comparisons

	Concrete

	Concrete can be designed and applied in such a way that it is self-sustaining long term without the need of extra help after it has been built. The mix design can be tailored to the environment for which it is intended and all local environmental factors taken into consideration beforehand. For example, slag cements in particular are extremely suitable for marine applications provided that a slag content of at least 60% is used. Fly ash produces its beneficial effects by combining with the calcium hydroxide, converting it to more durable calcium silicates, and by reducing the permeability through denser packing and reduced water requirement (Day, K.W. (1995) Concrete Mix Design, Quality Control and Specification, E&FN Spon, Chapman & Hall, 2-6 Boundary Row, London SE1 8HN, UK). 

	Steel

	If untreated, steel naturally exposed to the elements will corrode. Specifically, a more aggressive attack on natural steel is the atmosphere associated with and around sea water. In addition to the original process of manufacture, protective coats will have to be applied in order to guarantee a longer effective life span of the material relative to the environment of intended use. In addition to this, further treatment is required when taking in to consideration fire potentials. Steel will need to be shielded from any potential fire hazards, which in turn can incur further costs.



	Steel Vs Concrete Strength

	 
	Steel
	Concrete

	Compression
	50800 psi
	6200 psi (Portland Concrete more than 1 year old)

	Tension
	50800 psi
	400 psi (Portland Concrete more than 1 year old)

	Shear
	85000 psi (Stainless Steel)
	400 - 700 psi

	Yield Strength
	40000 psi
	400 - 700 psi


Table: Dan Collier 10/01/2020 (Common materials and average ultimate compression and tension strength, https://www.engineeringtoolbox.com/compression-tension-strength-d_1352.html) (Steels, General Properties, http://www.matweb.com/search/datasheet.aspx?bassnum=MS0001&ckck=1)
Steel in general is a better performer under stresses when compared to concrete. Even when concrete is reinforced it is more susceptible to outside forces and loads. Concrete has fewer elastic properties and can be considered more ‘brittle’. Concrete performs well under compression so is useful when used in column configuration or is loaded from above (depending on intended shape and size). As the table below shows the overall strength when measured in PSI indicates that as an all-around performer steel has a higher durability than concrete.
As a building material it is generally considered that steel provides greater adaptability throughout a building’s life cycle. It is lightweight in comparison with concrete and far easier to work with. For example, steel goes to site, gets lifted into position and gets bolted in, this can be done in all weather conditions and does not need to time to cure. 









Production process and the environment
Steel Production Process
[image: ]                              Picture: https://www.newsteelconstruction.com/wp/an-introduction-to-steelmaking/
Steel has traditionally adopted the Basic oxygen furnace method for production, but has moved to look at more efficient ways to be able to achieve the same outcomes. One way of doing this is a method called the Electric Arc Furnace method. EAF is a more energy efficient production method on several levels. The very concept of EAF is to start the process with recycled scrap metal therefore bypassing the need for new raw materials. Then generally throughout the process, with the introduction of the electrical heating process, there is no longer a need to generate heat through more traditional methods, such as burning fossil fuels to create coke or sinter. This means it saves considerably on the use of raw materials such as coal and iron ores. This obviously also means that the CO2 emissions created by burning fossil fuels in the process are also eliminated. 
From having looked at these two processes within the steel producing industry, I have been able to determine that the Basic oxygen Furnace techniques have been the traditional methods used to produce steel, with 67% of global production using the process. This method is slowly declining with pressure from emissions targets and legislation i.e. The Paris agreement 2016, being bolstered by global warming issues.

Cement Production Process
        [image: ]
                                            Diagram:https://civilengineersforum.com/cement-manufacturing-process/
Cement manufacturing is a complex process that begins with mining and then grinding raw materials that include limestone and clay, to a fine powder, called raw meal, which is then heated to a sintering temperature as high as 1450 °C in a cement kiln. In this process, the chemical bonds of the raw materials are broken down and then they are recombined into new compounds. The result is called clinker, which are rounded nodules between 1mm and 25mm across. The clinker is ground to a fine powder in a cement mill and mixed with gypsum to create cement. The powdered cement is then mixed with water and aggregates to form concrete that is used in construction (The Cement Manufacturing Process, Darrell Leetham, 08.20.2015, https://www.thermofisher.com/blog/mining/the-cement-manufacturing-process/) 





[image: ] (JOCELYN TIMPERLEY 13.09.2018, Q&A: Why cement emissions matter for climate change, https://www.carbonbrief.org/qa-why-cement-emissions-matter-for-climate-change)(World Steel Association, 2011 https://www.worldsteel.org)










[image: ]
It is my view that overall, as a building material, it is hard to draw direct comparisons between steel and concrete. We can measure strength and durability, feasibility and workability, but both materials have their uses in the industry and always will. It is my view that steel is a more efficient in the construction phase of projects and is very good for adapting and easy to work with. Concrete has its place too, with concrete being suitable for many uses that steel will not be appropriate for. From the research that I have been able to gather I believe both are pretty similarly matched for global contibutions to CO2 emissions. Both effecting their environments pretty equally. 
It is my view that as a whole picture there is not one clear superior of the two as they both have positive and negative attributions and will always have their suitable roles.
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Comparisons  

Overview  

In the manufacturing process, each material adopts some fo rm of mining  raw materials, heating them, adding other minerals and materials to  achieve chemical reactions that ultimately give the desired effect in  transforming them into high performance building material. Every stage  of the process in both manufacturi ng methods will have an impact on the  environment and contributions to CO2 emissions. From mining, which  requires heavy machinery, all the way through to transportation to end  destination, which again uses fossil fuel burning ways to transport  materials.  

Concrete  

Globally, the cement industry accounts for approximately 8 percent of  current anthropogenic carbon dioxide CO2 emissions due to its such  wide use. In 2015 that equated to around 2.8 billion tonnes. Cement use is  set to rise as global urbanisation   and economic development increases  demand for new buildings and infrastructure. Along with other parts of  the global economy, the cement industry will need to dramatically cut its  emissions to meet the Paris Agreement’s temperature goals. However,  only li mited progress has been made so far.   

Steel  

In 2018, 1.83 tonnes of CO2 were emitted for every tonne of steel  produced. With 1808 mt of steel being produced, that equates to over  3billion tonnes of CO2 (on average) being emitted into the atmosphere  annua lly.   
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Positives Negatives

It can be designed to suit the environment it is intended to inhabit, 

therefore allowing strength and durability to be pre-determined. 

It can take on almost any shape it is instructed to and has been a 

big part of some of the more notable buildings across the world to 

date.  

Ingredients of concrete are easily available in most of the places.

Unlike natural stones, concrete is free from defects and flaws.

Concrete can be manufactured to the desired strength with an 

economy.

The durability of concrete is very high.

The casting of concrete can be done in the working site which 

makes it economical.

The maintenance cost of concrete is almost negligible.

The deterioration of concrete is not appreciable with age.

Concrete makes a building fire-safe due to its noncombustible 

nature.

Concrete can withstand high temperatures.

Concrete is resistant to wind and water. Therefore, it is very 

useful in storm shelters.

As a soundproofing material cinder concrete could be used.

Compared to other binding materials, the tensile strength of 

concrete is relatively low.

Concrete is less ductile.

The weight of compared is high compared to its strength.

Concrete may contains soluble salts. Soluble salts cause 

efflorescence

Positives Negatives

Safety and durability: Steel is widely regarded as an incredibly 

safe material to work with for residential construction. Unlike 

wood, it does not splinter or warp which means it can be safely 

secured away during construction.

Reduced construction costs: Advances in steel fabrication 

techniques mean that pieces can come premade to a certain 

specification, so that on-site rework will not be required to make it 

the right size. This greatly reduces labour costs and the potential 

for structural integrity weaknesses to be introduced into the 

construction.

Lightness is key: Steel beams and girders, while not exactly 

something that should be lifted by hand, are comparatively 

lightweight compared to their wood counterparts. This makes 

transporting steel cost effective across vast distances, which is 

essential in a country like Australia.

Recyclability: Several million tons of steel undergo a recycling 

process every year, being reshaped into new forms that are just 

as durable and tough as originally sourced materials.

Fire damage: While steel itself isn’t flammable, it is an excellent 

conductor of heat. This means that if fire comes into contact with 

it, the fire can spread to any material the steel touches. 

Additionally, extreme heat can warp or weaken steel to threaten 

the structural integrity of the residential dwelling. To combat this, 

engineers use special fireproof coatings like concrete or mineral 

coatings to prevent the steel from reaching the temperature 

required to ignite adjacent materials.

Susceptibility to the elements: Electrochemical oxidation, or 

rusting, occurs when untreated steel is exposed to the elements 

for an extended period of time. This weakens the cohesiveness of 

the material and makes it brittle. To combat this, specialised 

surface coatings and application methods are applied to the steel 

surface to prevent it from making direct contact with oxygen. 

Methods include coal tar painting, dry abrasive blasting or the 

application of titanium, nickel or aluminium alloys.

Long-term fatigue: Applying excessive tension can weaken, or 

fatigue, steel elements. This can be seen in large structures that 

have variations of tensile strength applied to them such as a tall, 

narrow house that is subject to strong winds which push it 

around from various directions. Engineers need to be mindful that 

outside forces are applied to a structure evenly, so that no one 

steel element takes more tensile tension than another.

In the manufacturing process, each material adopts some form of mining raw materials, heating them, adding other minerals and 

materials to achieve chemical reactions that ultimately give the desired effect in transforming them into high performance building 

material. Every stage of the process in both manufacturing methods will have an impact on the environment and contributions to 

CO2 emissions. From mining, which requires heavy machinery, all the way through to transportation to end destination, which again 

uses fossil fuel burning ways to transport materials.

Overview

Conclusion

Steel

Concrete
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