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Construction Materials - Steel and Concrete
1.0 Introduction

Throughout the world various materials are used to construct habitable buildings. The material choice impacts the building as well as the environment in which it is built in and different materials have various properties and levels of durability. In this report I will be comparing two buildings, one constructed with a steel frame and another with concrete.
2.0 Case Study 1

Stamp House, Queensland, Australia.

For my concrete constructed habitable building I have chosen Stamp house which is located in Queensland, Australia. It was designed by the architect Charles Wright.
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Figure 1: Stamp House in the Daintree Rainforest in Queensland, Australia (Frearson, 2013)

2.1 Location
Stamp House is located in the state of Queensland, which is in north-eastern Australia. It’s a two-storey residence that hangs over the edge of a lake in a beachfront rainforest location. The plot in which the house is built is situated within the Daintree Rainforest. The rainforest is isolated and has a very hot, very wet and completely tropical climate. (Bingham-Hall, 2014)
The Daintree Rainforest has great biological value due to its biodiversity, including many species of plants and animals that are found nowhere else in the world. (Tropicalbuild.com.au, 2020)
 
2.2 Design, Planning and Construction
“The building sits in an engineered water ecosystem which was the result of lengthy liaison and collaboration with National Parks, Environmental Agencies, State and Local Government.” (Tropicalbuild.cm.au,2020)
In order to function as a habitable building in a rainforest location tropical architecture must provide passive ventilation and must shelter occupants from the extreme sun and rainfall. (Bingham-Hall, 2014). Stamp House needed to be designed to withstand the intense tropical climate. Heavy rainfall and hot, humid air are present all year round. In order to overcome the climate “Charles Wright Architects employs the solidity of concrete to withstand the harsh tropical climate.” (Bingham-Hall, 2014). Stamp House is built completely from a mixture of precast and in-situ concrete and consists of six pods that are cantilevered over a lake which can be seen in figure 2 (Bingham-Hall, 2014). The chunky cantilevered pods have the strength to withstand cyclones but they also act as flood protection methods by ensuring water doesn’t get in during floods. (Frearson, 2013). The upright angled positions allow for flood water to run beneath them instead of it flowing into the interior of the house. 
There is also a moat surrounding the concrete home which adjoins to the lake which protects it from cyclonic storm surges. (Bingham-Hall, 2014). These features were incorporated to ensure the house functions within its extreme environment. 
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Figure 2: Two of the 6 Dramatic cantilevers over the lake (Bingham-Hall, 2014)

When designing Stamp House incorporating ventilation into the design of the house was essential due to climate it would be built in. To ensure effective ventilation the communal living spaces of the house are unwalled in order to leave them open to the outside and the natural ventilation that comes along with that as shown in figure 3 below. However, these spaces are still roofed which provides plenty of shade for occupants from the tropical sun. (Bingham-Hall, 2014)
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Figure 3: The un-walled living space with open natural ventilation (Bingham-Hall, 2014)
2.3 Sustainability and Site Impact

Stamp house was designed and built to be completely carbon neutral. Power for the house comes from the solar panels that cover the roof as well as battery storage so there's no need for the house to be connected to a mains electric supply. The electricity from the solar panels is mainly used for powering the air conditioning and LED lighting. However minimal air conditioning is needed due to the open plan living spaces that have natural ventilation as well as there being ‘cascading waterfall features which further provide an evaporative cooling effect to both storeys of the house in the drier months. 
The high levels of rainfall are also taken advantage off due to there being a 250,000-litre underground water tank for rainwater to collect in. The water tank is integrated with all hydraulic systems. (Wright Architects, c2020)
3.0 Case Study 2
Weathering Steel House, Putney, London.
For a steel frame constructed building I have chosen Weathering Steel House, which is located in Putney, England. It was designed by Eldridge London Architects+Designers.
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Figure 4: Front exterior view of Weathering Steel House (Steelconstruction.info, 2015)
3.1 Location
Weathering Steel house is located in Putney which is within the city of London, England. The home is four storeys and developed from an existing garage that was located on the site. Being in a very urban area the plot was limited in size and had existing buildings on both the left and right buildings which can be seen in figure 4 above. This left little working space for the contractor and meant there had to be careful planning to construct such a complex design. (Steelconstruction.info, 2015)
3.2 Design, Planning and Construction
Weathering steel house was constructed to a high specification, private family home. The house was designed and built in a way so that it is divided into two sections. From the street the four storeys of the house are visible but the rear consists of just a single storey living space with glazed elevations. The front and rear sections of the house are connected by a single, completely transparent glass corridor as seen in figure 5 (Steelconstruction.info, 2015)
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Figure 5: The interior of the glass corridor connecting the two sections of the house. (Architizer, 2020)
The house has a steel frame supporting structure as well as having weathering steel as the external finishing to the property. During the design stages 3D modelling was used and these models allowed for all the structural steel elements to be prefabricated off site quickly and accurately. 
“The concept for the superstructure of the house was for it to be a monocoque, whereby the facade system also acted as the primary structure to the building.” (Steelconstruction.info,2015). The monocoque approach was the reason for the decision of having steel as the material for the external finish being made. This is because it is strong and stiff enough to help support the building structurally as well as provide weatherproofing and add architectural interest to the building. (Steelconstruction.info,2015)
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Figure 6: The external weatherproofing steel (newsteelconstruction.com, 2015)
When it came to physically constructing the house the monocoque design meant that sections of the building were prefabricated as steel pods off site then all the prefabricated steel pods were bolted together on site. A number of the steel connections needed to be bespoke in order for the build to meet the exact geometry and millimetre accuracy stated by the architect in the design phase. 
Once the prefabricated elements of the building were constructed the building was weatherproofed by having the external weathering steel welded to the prefabricated steel structure. The welding of the weathering steel was essential in terms of weatherproofing for this building as London is a city which receives a much higher average rainfall compared to other locations. (newsteelconstruction.com, 2015)
3.3 Sustainability and Site Impact
Weathering steel house is a sustainable residential home from the way that an existing garage on a brownfield site was converted and then extended with a further three storeys to create the house. This meant that there was no need to look at greenfield sites within the green belts of surrounding that are incorporated in Local Development Plans Due to the existing garage not be demolished it meant that the materials used to complete the garage were not wasted. 
Also, the fact that the new three storeys were prefabricated meant that they were built in a controlled environment where there would have been minimal waste. 

Another way in which the house has been built to be sustainable is by the incorporation of a green roof at the rear which can be seen in its early growth stages in figure 7. Green roofs attract heat and act as natural insulation for the building which will result in a reduction in energy costs. Green roofs can also reduce summer energy demands by more than 75%.
It’s also beneficial a building in London having a green roof due to the high average rainfall. In summer green roofs retain up to 90% of the rainfall that falls on them and 40% in winter. This reduces the amount of surface runoff and reduces the chances of flooding occurring. (Davis, 2015)
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Figure 7: Green roof beginning to grow at the rear of the house
(Architizer, 2020)
4.0 Durability and Climatic Resistance
4.1 Concrete
The concrete used to construct stamp house in Queensland, Australia is now faced with a tropical environment that consists of high temperatures, high levels of rainfall and high humidity. Concrete is an excellent choice of building materials in environments with high humidity as concrete lacks organic components. This means that there aren’t really any components within concrete that will rot or decompose when it is exposed to moisture. Also, it's much harder for water to penetrate concrete compared to natural materials like wood which is more permeable meaning there's less chance of moisture building up. However due to the amount of rain that falls within tropical environments it's likely that some moisture will gain access to the concrete. However, this isn't an issue as concrete is breathable which allows moisture to escape therefore not causing serious damage to the structure.  
It's also likely that Stamp House will last longer compared to if it was built in a colder environment as in a tropical rainforest the concrete won't be exposed to freeze and thaw cycles that can result in moisture expanding into ice within the concrete. This isn't an issue for Stamp House as the temperature will remain warm throughout the year as rainforests do not have distinct seasons. (Bergenmobileconcrete.com, 2017)
4.2 Steel
The Weathering Steel House in London is exposed to a very different climate compared to Stamp House. The climate in London is very different as seasons are more distinct and its possible for temperatures to be both very cold or very warm and everything in between. 
Temperatures at winter time in London can be freezing. However, it would require temperatures of beneath -46 degrees to impact the ductility of steel and cause it to become more brittle. The steel frame of this home wouldn't be exposed to temperatures like this meaning it will always be resistant to the colder winter temperatures. (Sparta Engineering, c2020)
5.0 Environmental Impacts from the Production of Concrete and Steel. 
5.1 Concrete Production
Figure 8 (Greenspec.co.uk, c2020)
	Production Processes 
	Environmental Impacts

	Collecting raw materials such as limestone, clay and sand from quarry. 
	Dust is released into the air when limestone is extracted due to the use of explosives.


	Raw materials crushed and mixed to the desired proportion.
	Carbon dioxide emissions from the machinery and energy required to power machinery along with wasted heat energy produced. 

	Mixture heated to decompose the limestone.
	Carbon dioxide is released from the limestone which is a greenhouse gas. Wasted heat energy produced. 

	Grind and cool clinker. 
	Dust and emissions released. Energy required to power the grinder.

	Package and transport finished cement product. 
	Vehicle emissions, packaging waste ends up at landfill sites and fossil fuels needed to fuel transportation. 

	Mix cement to create concrete. 
	Equipment emissions and large amounts of water used. 

	Concrete broken down at the end of its lifecycle. 
	Concrete ends up in landfill sites. 


5.2 Steel Production
Figure 9 (Corporate.arcelormittal.com, 2020)
	Production Process
	Environmental Impacts

	Crude iron ore and coal is mined. 
	Dust released into the atmosphere. 

	Coke coal is used to power furnaces.
	Burning fossil fuels releases carbon dioxide.

	Iron ore is heated in furnace where impurities are removed and carbon is added for 12-16 hours.
	Gases such as iron oxide, oxides of carbon and sulphur as well as dust are released into the atmosphere which all contribute to global warming. 

	The molten iron ore is then poured into moulds where it cools and is then shaped.
	Wasted heat energy as the molten iron cools. 

	Steel is transported to various sites for construction. 
	Fossil fuels used to power transport which releases carbon dioxide. 


From looking at figure 8 and 9 above it's easy to see that cement and concrete production as well as steel production both result in a lot of carbon dioxide emissions as well as other gases and dust being released into the atmosphere. These emissions then contribute to global warming and climate change. The production of both materials is also contributing to poor air quality throughout the world which results in increased respiratory problems throughout populations. 
Another similarity in how they both impact the environment is the way that the production process for both concrete and steel begins with the mining of raw materials. As well as emissions these mining operations cause destructions to landscapes and destroy wildlife populations and habitats.
6.0 Steel and concrete - Assembly and Adaptation
Steel is considered to be the more flexible material to build with in terms of it having the highest strength to weight ratio out of all affordable construction materials available today. As a result of this high ratio large open spans can be achieved. Extremely long spans wouldn't be possible with concrete due to it not having the same ratio therefore support columns would be needed which take up what would be useable floor space in a steel frame building. (Whirlwindsteel.com, 2016)
However, concrete may be better for commercial buildings compared to steel due to lower floor to floor heights being able to be achieved which allows for more storeys to be built and therefore increasing the rentable floor space available. If steel was used the building would be designed to be the same height but would have less floorspace. (Whirlwindsteel.com, 2016) 
Overtime a steel frame building with large spans and open plan spaces would be more flexible in terms of the occupant used the space. For example, they would just be able to install stud partition walls to divide up the space. The advantage to this is that these walls can be removed and reinstalled whenever variations in the space were needed without structurally changing the building. This would be ideal for a building where it’s usage would change over time. 
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This wouldn’t be as easy with a concrete structure as a large concrete structure would have permanent columns supporting the structure which would not be able to be moved. 

Figure 10: Building showcasing the scale of steel frame spans (indiamart.com, c2020)
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Figure 11: Concrete frame building with support pillars (Structural Engineering Basics, c2020)
7.0 Conclusion
Both concrete and steel are both very popular materials within the construction industry throughout the word. I think they are both excellent materials for specific building However I think the most important thing to consider is the environment and climate in which the building will be built in. On paper both materials appear to be suitable for many different buildings with various purposes however climate conditions could quickly cause both concrete and steel to not perform properly which stops the building from performing its function. 

8.0 Bibliography
Tropicalbuild.com.au. (2020). 'Alkira' The Stamp House. [online] Available at: https://www.tropicalbuild.com.au/case-studies/-alkira-the-stamp-house [Accessed 9 Jan. 2020].

Frearson, A. (2013). Stamp House that withstands cyclones by Charles Wright Architects. [online] Dezeen. Available at: https://www.dezeen.com/2013/03/04/stamp-house-charles-wright-architects-withstands-cyclones/ [Accessed 9 Jan. 2020].
Wright Architects. (2020). Stamp House. [online] Available at: https://wrightarchitects.com.au/projects-2/contact/stamp-house/ [Accessed 9 Jan. 2020].
Steelconstruction.info. (2015). Structural Steel Design Awards. [online] Available at: https://www.steelconstruction.info/Weathering_Steel_House,_Putney&sa=D&ust=1578846891272000&usg=AFQjCNFNXwptwVZJxRjVh2k5eJSIolbcCg [Accessed 10 Jan. 2020].
Davis, C. (2015). 4 Reasons Green Roofs Do A Building Good - Sustainability. [online] Sustainability. Available at: https://sustainability.ncsu.edu/blog/changeyourstate/4-reasons-green-roofs-do-a-building-good/ [Accessed 11 Jan. 2020].

Bergenmobileconcrete.com. (2017). Concrete and Corrosion: Why It's So Resistant to Weather and Erosion | Bergen Mobile Concrete. [online] Available at: https://www.bergenmobileconcrete.com/concrete-and-corrosion-why-its-so-resistant-to-weather-and-erosion/ [Accessed 11 Jan. 2020].
Sparta Engineering. (2020). How does Cold Weather Climates Affect the Performance of Steel Equipment?. [online] Available at: https://www.spartaengineering.com/how-does-cold-weather-climates-affect-the-performance-of-steel-equipment/ [Accessed 12 Jan. 2020].
Whirlwindsteel.com. (2016). Steel Construction versus Concrete. [online] Available at: https://www.whirlwindsteel.com/blog/bid/407758/steel-construction-versus-concrete [Accessed 12 Jan. 2020].
Bingham-Hall, P. (2014). Stamp House. [online] ArchitectureAU. Available at: https://architectureau.com/articles/stamp-house/ [Accessed 9 Jan. 2020].
Architizer. (2020). Cor-Ten House in Putney. [online] Available at: https://architizer.com/projects/cor-ten-house-in-putney/ [Accessed 12 Jan. 2020].
newsteelconstruction.com. (2015). Certificate of Merit – Weathering Steel House, Putney. [online] Available at: https://www.newsteelconstruction.com/wp/weathering-steel-house-putney/ [Accessed 12 Jan. 2020].
Corporate.arcelormittal.com. (2020). From ore to steel. [online] Available at: https://corporate.arcelormittal.com/who-we-are/from-ore-to-steel [Accessed 13 Jan. 2020].
indiamart.com. (2020). Industrial Shed Work. [online] Available at: https://www.indiamart.com/proddetail/industrial-shed-work-14016570830.html [Accessed 12 Jan. 2020].

Structural Engineering Basics. (2020). What are Beams & Columns in Structures?. [online] Available at: https://structuralengineeringbasics.com/what-are-beams-and-columns-building-construction/ [Accessed 12 Jan. 2020].

 PAGE 
1

