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[bookmark: _Toc65244122]Executive Summary 
This assignment will compromise of a report to which two habitable buildings will be researched upon. One of the buildings will be a concrete frame and the other being a steel frame structure. The report will go through the construction method of each structure and the environmental and sustainability factors that would have been encountered throughout the building stages. A comparing and contrasting exercise will be undertaken, regarding the framing material of each building. The comparing and contrasting exercise regarding the framing material will be complete for a range of different areas including the likely durability and climatic resistance ranging to the ease of assembly of the structures.  


1.0 [bookmark: _Toc65244123]Concrete Framed Structures 
Concrete framed structures are a very popular form of construction. The main concept of a concrete frame structure compromises of two main components, columns and beams. The columns and beams form the structure of the building, with the foundation supporting the loads such as the buildings floors (Buildings, 2021). Below shows an indicative concrete frame structure to which the columns and beams have been labelled: 
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Columns


Beams

Concrete Framed Structure (Study, 2020).

The columns of the concrete frame structure are the components which transfer the supporting loads of the building, down to the foundations. The main function of the beams is to transfer the floor loads to the columns or to main beams. The concrete used on this type of frame is reinforced. The concrete is reinforced with steel, the reason being is that concrete on its own has limited tensile strength, by incorporating steel it increases the tensile strength of the concrete and the structure itself. Sections of the concrete frame can be prefabricated off site, but it is common that the components are casted on site. 


[bookmark: _Toc65244124]1.1 Concrete Frame – Sydney Opera house
A habitable building example of a concrete frame structure is the Sydney Opera House. The Sydney Opera House is situated in the City of Sydney, Australia, the building itself being located on Sydney Harbour.  The function of the building is a preforming arts centre. Below shows a table which captures a few main facts of the building: 
	Architect: 
	Ove Arup & Partners

	Land Area: 
	18,000 m2

	Build Period: 
	1959-1973

	Cost: 
	$102 million Australian dollars



[bookmark: _Toc65244125]1.11 Original Design Planning
The initial designs of the Sydney Opera House were presented in 1957 where the main concepts of the drawing were represented on a simplistic drawing (Architecture, 2020). The original drawings completed by the architect portrayed the cylindrical shapes of the concrete shells, this was a factor identified within the original design planning stages. Below shows one of the original sketches of the Sydney Opera House: 
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Original Submission Drawing (Book, 2021).
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Original Submission Drawing – Site Plan (Book, 2021).

[bookmark: _Toc65244126]1.12 Structure

Foundations
The building sits on two types of foundations due to the ground conditions that underlie. The perimeter of the building sits on top of concrete pile foundations, these piles are situated within steel casting for reinforcement.  The ground conditions which the piles are in situ consists of heavy rock with sections of clay and sandstone. Within the central areas of the building, the fill and rock which was the underlying ground was removed and replaced with reinforced concrete foundations (Studio, 2021). 

Main Structure
The roof structure compromises of shells which are casted out of reinforced concrete. The shapes of the shells were designed by engineers to incorporate geometrics into the design. The final design of the roof structure was that the concrete shells were to be formed in the shape of a sphere, each section of the shells demonstrating the sphere shape. The shells were prefabricated and casted offsite. The pre casted roof elements sit on top of a structure which consists of pre cased concrete beams. The concrete beams were in a range of different shapes and variations to encounter for the loads of the pre-casted concrete roof elements. This made sure that the building was structurally sound (Architecture, 2020).
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Above shows the complete structure (Google, 2021). 











2.0 [bookmark: _Toc65244127]Steel Framed Structures
The concept of steel framed structures is similar to concrete however the components of the framed structure are steel. Steel frame structures consists of columns and beams, which have the same application as the concrete frame. The steel framed structure utilises the columns and beams, the way in which they are joined in this structure can be done in a range of ways. The steel members can be welded together, bolted or even riveted (Buildings, 2020). Below shows an indicative overview of a steel framed structure: 
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Steel Framed Structure (Snapshot, 2020).

The components of the steel frame are often prefabricated to which they are then joined together. Additional bracing can be put between each member to increase the buildings stability. This commonly occurs within high rise buildings due to the wind loadings which the building encounters. The material used to brace the building if necessary is also steel. 




[bookmark: _Toc65244128]2.1 Steel Frame – 30 St Mary Axe (The Gherkin)
A habitable building example of a steel frame structure is The Gherkin building which is situated in London. Below are a few key details of the building: 
	Architect: 
	Fosters & Partners

	Land Area: 
	1400m2 per floor, rising to 1600m2 at level 16, dropping back down to 600m2 at floor 32. 
Total: 64,470m2 (Architecture, 2020).

	Build Period: 
	2001-2004

	Cost: 
	£138 million (excluding cost of land)



[bookmark: _Toc65244129]2.11 Original Design Planning
The original design stages of the building posed problems for many different areas due to its high-rise structure. It was foreseen that the buildings high rise structure could impose the air traffic from Heathrow. The original design was scaled down to which a finalised design of The Gherkin was complete. 
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Site plan of The Gherkin (Foster, 2015)

[bookmark: _Toc65244130]2.12 Structure 

Foundations 
The foundations in which the steel frame structure sits on are 750mm diameter piles. The ground conditions which underlay the site is London clay to which the piles are situated into. There is a total of 333 piles, with a total design capacity of 117,000 tonnes (Foster, 2015). A range of various restrictions on the site resulted in all the piles having to be poured in one day. 

Main Structure
The main structure compromises of a framing mechanism which is referred to as a diagrid. The diagrid is the outside of the structure, the diagrid structure is a steel frame structure which has additional bracing situated in between the main structure to take lateral loads. This is a common mechanism that occurs on high rise buildings to help cope with the wind loads. The second component of the structure is referred to as the core, which is situated inside of the diagrid, the main function of the core is to take a portion of the vertical gravity loads. The concept of the cylindrical shape of the building was from a sustainable approach as well as allowing the wind to flow around the building, the cylindrical shape incorporating a more aerodynamic approach (Foster, 2015). Below shows a sectional image of the structure with the two components being labelled: 
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Structural System of The Gherkin (Foster, 2015) 

3.0 [bookmark: _Toc65244131]Comparing and Contrasting of Concrete and Steel Frames 
In this section of the report, a comparison will be undertaken stating the advantages and disadvantages of both steel and concrete frames. 

[bookmark: _Toc65244132]3.1 Durability and Climate Resistance 
The durability of a building is a key factor however, the durability factor is a factor which is affected by the building’s fabric. With durability comes strength, it is important that buildings are suitable for their application meaning the strength and durability of the buildings are correct. 

Durability and Strength
As a comparison of concrete to steel in terms of strength, steel is known for its strength both in tension and compression. Concrete has a higher compressive strength than steel but in regard to the tensile strength, concretes is lower than steel. Concrete structures and buildings often have to be reinforced with steel to increase the structures tensile capacity it can withstand (Buildings, 2020). In terms of strength, steel is the better material due to its properties in strength, both in tension and compression. 

Climate Resistance 
Concrete has the tendency to expand and shrink, this occurs frequently during temperature variations. The Sydney Opera House being built as a concrete structure would have had to encounter this into the design, any elements of the concrete that were not pre-casted and may have been casted on site would have had to encounter for the high temperatures. Admixtures would have had to be added into the mix to prevent the concrete drying to quick, retarders would have been added to slow down the setting time in the hot climate, which can result in the concrete cracking. As a conclusion, when it comes to climate resistance concrete requires more value engineering when difficult climates are in place. 

[bookmark: _Toc65244133]3.2 Production processes of Steel and Concrete frames
Concrete and steel framed buildings have different processes in terms of production of the material. An important aspect of the production processes is the carbon footprint, reducing the amount of greenhouse gases produced in manufacture of materials is vital. 

Production Processes of Concrete
Concrete comes in all different forms for a range of applications, the main processes are the same but different types of concrete have different ratios of the main components as well as additional admixtures added in some cases. The main components being: 
· Cement – This is the binding agent
· Sands / Fine aggregates
· Water
· Chemicals / admixtures if and as required 
Portland cement or often abbreviated as OPC is the most common type of cement. OPC compromises of four main components, Tri Calcium Silicate, Di-calcium silicate, Tri-calcium aluminate (present in small quantities) and Tetra-Calcium aluminferite (Britainnica, 2021). During the production process of Portland cement, there are greenhouse gases produced, CO2 emissions being one of the main elements. Cement is the source ‘of about 8% of the world’s carbon dioxide emissions’ (BBC, 2018). Below are some statistics that show the large masses of CO2 produced during the manufacture of concrete: 
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CO2 emissions produced during manufacture of cement (BBC, 2018).
Cement production has risen and there continues to be buildings with a structural frame of cement. As an overview of global cement production, a graph demonstrates below with the Y axis showing the millions of metric tonnes of concrete produced at intervals of 4 years: 
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Graphical Representation of the amount of metric tonnes of concrete produced at 4 year intervals (BBC, 2018). 

Production Processes of Steel 
The steel frames come in all shapes and forms depending on the shape and size of the building. There are many different ways in which steel frames can be utilised, as shown within the section 2.1 of the report on (the Gherkin) showing how bespoke the design can be. The main concept and processes of the production of steel are the same. As an indicative overview of the production of steel, a table has been formulated of the main stages: 
	Stage Overview
	Stage Description

	Iron Ore Grading
	Iron ore is crushed up and sorted into different grades, the grades refer to the size of the ore’s.  

	Furnace 
	The iron ore is placed into a blast furnace and heated, removing any carbon within the ore and getting the iron into its purest form. 

	Further Heating
	The iron is heated further, with different substances being added dependent upon the application and properties required of the steel (Company, 2020). 



Likewise, with the production of concrete, the production process of steel also releases greenhouse gases. One of the first stages of the production of steel emits CO2 into the atmosphere, raw iron is often found containing carbon therefore the concentration of the carbon within the iron ore needs to be removed to some extent. 
As a comparison to concrete, it is stated that steel manufacture accounts for about ‘approximately 5% of total global CO2 emissions’ (Bellona, 2019). This statistic was from 2019, as a comparison of the amount of CO2 emitted within cement manufacture in 2017 being 8%, this results in a 3% difference. 

Conclusion of the Processes
As a conclusion of the overview of the processes of both cement and concrete, statistics show that the production of both steel and concrete releases huge amounts of Carbon Dioxide as well as various other greenhouse gases. Steel produces less amounts of Carbon dioxide during manufacture, but the key driver is the recyclability of steel. Steel is 100% recyclable so once the end of life of a building occurs, the steel frame structures can potentially be melted down and reused which limits the amount of steel which needs to be produced. 

[bookmark: _Toc65244134]3.3 Construction of frames
The construction of frames is an important part, as time savings lead to cost savings. 

Concrete Frame Construction
The main principles of concrete frame construction are listed within section 1.0 of the report. In terms of the frame’s construction, precast concrete frames are often used. This means that the concrete mix is specified as to the required application and frames are set up to which the concrete is poured into. In some cases, such as the Sydney Opera House as referred to in section 1.1 of the report, there are elements which can be pre-casted offsite and transported to site which occurred for the roof of this structure.  
Steel Frame Construction
The construction of steel frame is listed within section 2.0 of the report. It can be seen from that section that steel frame construction compromises of two main components, columns and beams. The structural steel components are prefabricated off site and then transported to the site as and when required. This reduces the need for construction processes on site minimising the variables that can delay a project which is hugely costly effective. 

Pre-fabrication can occur in both frames, below demonstrating how effective pre-fabrication is: 

	Advantage
	Steel
	Concrete

	
1.0 Quality Control
	
By the steel components being prefabricated it results in the components having adequate quality control. The components are engineered specifically for the job which is done within a factory environment. By the steel being prefabricated, it allows the steel to have the correct standards applied, making sure that the steel is manufactured in accordance with The British Construction Steelwork Association (BCSA, 2021). 
	
The concrete structures also get a sense of quality control. The concrete is often manufactured offsite to encounter for the design specification and to fulfil the requirements of the structure. The concrete is manufactured to BS EN 206-1:2000, the standard for concrete specification and performance (BSI, 2000). 

	
2.0 Dimensional Tolerance
	
Due to the steel frame components being prefabricated offsite, it means that the dimensional tolerance of the members can be delt with throughout the production.  This allows the structural steel to have a sense of dimensional tolerance and also comply with BS EN 1090 (BSI, 2021).  
	
Precast concrete members require dimensional tolerances. Depending on the size of the member the tolerance can vary. By the components being pre-fabricated, it allows for dimensional tolerance to be controlled. 



[bookmark: _Toc65244135]3.31 Ease of adaption of Frames
Ease of adaption to different building shape and use within total life cycle of building.

Concrete Ease of Adaption
The ease of adaption in terms of concrete frames is minimal to a certain extent. The ease of adaptation depends on the methods used for the concrete frame. The concrete members are either pre-casted offsite and transported to the site, such as the roof on the Sydney Opera house, or can be casted on-site using form work. The formwork is when a temporary mould is made out of a material such as timber, to which the concrete is then poured. The components that are casted using formwork, adaption to the frame can occur however, it needs to be done before the formwork has been created (Buildings, 2020). 

Steel Ease of Adaption
Most of the steel components are prefabricated offsite to match the bespoke design of the specific building. In construction types such as timber frame construction, components can be altered if and when required. In steel frame construction, the ease of adaption once the components have been manufactured is hugely minimal. During the prefabrication stages of steel, the components are all being made as per the drawings encountering for all the structural calculations done prior. When the steel is delivered to site, it is in its final form (Ltd, 2019).  Although the original components cannot be altered, there is options to alter the design and adapt the building shown below: 
	Possible adaptions on Steel Frames



	
1.0 Parts added
	
Additional parts components can be added to the steel frame, after the original components have been erected. Aspects such as additional floors can be added, they can often be added without any amendments and without overloading the existing foundations. This is due to the steel being lightweight however, structural calculations would be undertaken prior to any amendments (Construction, 2021).  As the steel frames components are often bolted together, parts can be taken away to add different components for various reasons. 

	
2.0 Parts Taken Away
	
Parts can be taken away from steel frame structures for a range of different reasons. The reasons include minimising the footprint of the building or taken out a certain floor. The parts being taken away is limited as there may be structural beams and columns which cannot be moved, but there is possibility to do so in some areas. 

	
3.0 Relocation 
	
In some cases, steel frame structures have been deconstructed and transported to another location, to which they are re-erected to a different location. This occurs in smaller and less complex structures, but it is something that can be done. 




As a conclusion of the construction of both frames, steel frames are quicker to erect and once the design has been complete, the frame can go up very quickly. This leads to less labour time so costs being saved in this aspect. Ease of adaption becomes an issue with steel frame, once the design had been specified these original components are often delivered in their final form however, there are some possible adaptations which are stated within the table above. Concrete frames also have minimal ease of adaption but if identified early enough (before formwork commences), adaption to the structure can be encountered. 
[bookmark: _Toc65244136]4.0 Conclusion Table of Steel vs Concrete

	
	Steel 
	Concrete

	Strength
	[image: Icon

Description automatically generated]As referred to in section 3.1 of the report, concrete has a higher compressive strength, but steel has higher tensile strengths.  
	[image: Icon

Description automatically generated]Concrete requires reinforcement due to its weak tensile strength properties. 

	Sustainability 
	[image: Icon

Description automatically generated]From a sustainability aspect, not only does steel produce less CO2 emissions during production but is fully recyclable and the materials can be melted down and re-used. 
	[image: Icon

Description automatically generated]Concrete production leads to more C02 produces and in terms of recyclability, it cannot be reused to the extent in which steel can. 

	Versatility
	[image: Icon

Description automatically generated]Steel is versatile to a certain extent; an architect can offer more options when using steel. 
	[image: Icon

Description automatically generated]As mentioned in section 3.31, concrete buildings can be adapted whilst on site through the formwork stages. 

	Cost
	[image: Icon

Description automatically generated]Steel is more cost effective than concrete frames. Steel is lighter therefore the foundation system is often less expensive, ranging right through to the time in saved to erect the frame leading to money savings. 
	[image: Icon

Description automatically generated]Concrete from a cost aspect on all aspects from foundations, to the frame is more expensive than steel. 

	Safety 
	[image: Icon

Description automatically generated]Steel has good protection against wind loads and in terms of strength to ratio, is one of the best in the construction industry however, steel needs adequate protection in case it is exposed to fire. Steel as a material on its own does not have good properties to withstand fire. 
	[image: Icon

Description automatically generated]Concrete can withstand very high temperatures for long durations resulting in concrete structures being safer in fires. Concrete offers good protection from occurrences such as explosions.  

	Climate
	[image: Icon

Description automatically generated]Steel requires protection in certain enviroments and climates as there is a possibility it can rust. As stated within the concrete section, steel has to be protected for different site locations and climates. 
	[image: Icon

Description automatically generated] Although concrete needs to be carefully monitored if being casted on site, as a climatic overview its resistance to certain climates is better than steel. Concrete is more versitile in this aspect as it can be used on a range of different sites, i.e in a city centre or a site on a harbour which the building may come into contact with salt water in which steel would rust if it wasn’t protected. 

	Workability
	[image: Icon

Description automatically generated]The workability of steel is by far the best. Once the compoennts have been fabricated and are being erected onsite, it is unlikely that weather conditions can interfear with the process. High winds may hold up th process but this is the case wirth any material. 
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Description automatically generated]There is very limited workkability with concrete. If components need to be casted on site, the weather plays a big factor upon this due to the concrete being a ‘wet’ material, and requires dry spells in order to cure. 




[bookmark: _Toc65244137]Conclusion

As a conclusion of the comparison of steel frame buildings compared to concrete, it can be clearly identified from the comparisons as well as the conclusion table that steel framed buildings are better in most areas. Although the safety of concrete framed buildings is better, other aspects of a steel frame building outweigh it.  The ideal solution is reinforced concrete as it compiles the characteristics of both, but from an environmental perspective it is not feasible due to concrete not being recyclable. 
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Max James Student Number: 1900822 Global cement production has risen sharply, but appears to have

levelled off

China produces most cement and therefore most
cement-related CO2 emissions
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But with Chinese consumption now appearing to level off, most future growth
in construction is expected to happen in the emerging markets of South East
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