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1.0 [bookmark: _Toc65620744]Executive Summary 

The main aim of this assignment is to compare and contrast the main framing materials within two existing habitable buildings, one of steel frame and one of concrete frame construction from the direction of durability, ease of assembly, material properties potential ease of adaption and demolition, social and environmental impacts of the build along with the impact the framing materials production process would have had on the environment.
2.0 [bookmark: _Toc65620745]Procedure

Research of this topic used to help construct this report included the use of the online resources, reading various books based on fundamentals of construction and material science, Online journals and uploaded content to Microsoft teams and Moodle during online tutorials.
3.0 [bookmark: _Toc65620746]Findings

[bookmark: _Toc65620747]3.1 Introduction
All buildings have a purpose and structural behaviour. The intended use for that building is incorporated within the buildings design and construction methods. Many factors including loading, climate, social and environmental impact to both the built and natural environment, limitations, resources, cost, time, sustainability and the overall planned life cycle of the building are all taken into account during the design stage. 
[bookmark: _Toc65620748]3.2 Concrete structure – Burj Khalifa 
[bookmark: _Toc65620749][image: ]The Burj Khalifa in Dubai as seen in figure 1, is an “all reinforced concrete building with high performance concrete from the foundation level to level 156 and is topped with a structural steel braced frame from level 156 to the highest point of the tower” (Burj Khalifa, 2021) and sits at 828 meters tall. The building comprises of 162 floors above grade 3 basement levels with a total floor area of 460,000 square meters. The design of the Burj Khalifa is derived from geometries of the dessert flower which is indigenous to the local area (Adbelrazaq, 2010)Figure 1 burj khalifa images - Bing images

[image: ]The Burj Khalifa underwent extensive wind tunnel studies and testing to develop a full understanding of the building’s behaviour to wind loadings and a Y shaped plan (see figure 2) was designed to reduce the wind forces on the tower, as well as to keep the structure simple and foster constructability. The structural system has a buttressed core. “Each wing, with its own high performance concrete corridor walls and perimeter columns, buttresses the others via a six-sided central core, or hexagonal hub” (SOM, 2021). 								 Figure 2 FACT-SHEET.pdf (burjkhalifa.ae)

[bookmark: _Toc65620750]3.3 Steel Structure-Empire state Building
[bookmark: _Hlk65526632][image: ]The Empire State Building (figure 3) is a 102-story Art Deco skyscraper in Midtown Manhattan in New York City, United States. The building was designed by Shreve, Lamb & Harmon and was constructed from 1930 to 1931. The construction of the Empire State Building was the fastest erection of a skyscraper to date. The project was completed ahead of schedule and under budget; instead of 1 year and 6 months as anticipated, it only took 1 year and 45 days. The costs totalled $24.7 million instead of the estimated $43 million (ScienceDirect, 2016). The building has a roof height of 1,250 feet (380 m) and stands a total of 1,454 feet (443.2 m) tall. The original plan for the building was 50 stories however this increased to 60 and then 80 stories. Height restrictions were placed on nearby buildings to ensure that the top fifty floors of the planned 80 floors of the building would have unobstructed views of the city (Partouche, 2010)The main construction material used for the frame was steel. Figure 3 empire state building - Bing images


[bookmark: _Toc65620751]3.4 Social and environmental sustainability 
[bookmark: _Toc65620752]3.4.1 Introduction 

The construction industry has a direct impact on the natural and built environment through many energy intensive processes. These include mineral extraction, haulage, transport and distribution, erection and construction, material processing and refining and the end life cycle of the building by the way of maintenance or demolition. Long term consideration is needed for the sustainability of resources such as water, minerals and energy (Greeno, 2011). 


[bookmark: _Toc65620753]3.4.2 Environmental impact of concrete and steel production
[bookmark: _Hlk65187010] 3.4.2.1 Production process-steel

[bookmark: _Hlk65187962][image: ]Both steel and concrete production produce harmful waste throughout the production process and equates to approximately 11% of the overall global co2 emissions (see figure 4). Steel production has a number of impacts on the environment that include air emissions (CO, SOx, NOx, PM2), wastewater contaminants, hazardous wastes, and solid wastes. The major environmental impacts from integrated steel mills are from coking and iron-making and the production of hot metal within the blast furnace (Greenspec, 2021). The average energy used in the production of primary steel equates to 18.68 GJ/t with an average CO2 intensity of 1.77 t CO2/t. Energy sources in producing primary steel can be split into percentages of 50% coking coal, 35% electricity,5% natural gas,5% other gasses (Association, 2019). Water emissions come from the water used in the process of cooling coke after it has finished baking. Quenching water becomes contaminated with coke breezes and other compounds. While the volume of contaminated water can be great, quenching water is fairly easy to reuse. Most pollutants can be removed by the way of filtration (Greenspec, 2021). Figure 4 (Academy, 2012)

3.4.2.2 Construction process- Concrete

The concrete structural-frame construction has more associated CO2, CO, NO2, SO2, and hydrocarbon emissions due to more formwork used, larger transportation impacts due to a larger mass of materials, and longer equipment use due to the longer installation process. In contrast, the steel-frame construction has more volatile organic compound and heavy metal (Cr, Ni, Mn) emissions due to the painting, torch cutting, and welding of the steel members (Horvath, 2005). In contrast to the Co2 figures of steel production "The manufacture of cement produces about 0.9 pounds of CO2 for every pound of cement. Since cement is only a fraction of the constituents in concrete, manufacturing a cubic yard of concrete (about 3900 lbs) is responsible for emitting about 400 lbs of CO2” (Association, 2021). 
The energy use and the environmental emissions of these two case study buildings can only be comparable if the total impacts from the construction process, manufacturing processes, transportation, continued maintenance and overall life cycle of the two buildings is compared equally over the same time scale.


[bookmark: _Toc65620754]3.5 Construction

Below in figure 5 is a brief table to outline the contrasts of elements of construction and material properties, with aspects analysed in further depth within the texts.
	Steel
	Concrete

	Short construction process
	Long construction process

	No form work needed for construction
	Requires formwork to construct

	Requires a skilled work force to erect
	Less skilled workers needed 

	Prefabricated in a factory environment by machinery and needs less onsite quality checks 
	Stricter quality control needed on site during the construction with more room for human error 

	Prone to corrosion
	Less prone to corrosion

	High tensile and compressive strength 
	Low tensile strength but high compressive strength 

	Durability can be affected by the weather if not coated correctly 
	Very durable

	Poor fire resistance as a material but can be fire proofed
	Highly fire proof 

	Low self-weight 
	High self-weight 

	Low thermal mass
	High Thermal mass 

	Smaller cross sections allowing more room for services and useable space
	Larger cross section minimising useable space and restricts useable service areas and voids 

	Lighter environmental footprint as less need for large foundations
	Larger environmental footprint as larger foundations needed 

	Ductility can provide less chance of sudden damage or failure
	Can be prone to sudden damage or failure

	Joint by welding, nuts or bolts or rivets with high adaption or dismantle opportunity
	Solid joints with no dismantle opportunity. 


Figure 5. 


[bookmark: _Toc65620755]3.5.1 Durability and strength 

Concrete and steel are both durable and can withstand many types of environmental effects making it a good construction material for multipurpose use in all climates. However, the durability of concrete is largely dependent on its permeability and its ability to resist chemical attack, weathering or abrasion and corrosion from environmental factors. Concrete has a very low expansion rate compared to steel making it less suspectable to movement with contrasting and harsh temperatures like that in Dubai, but more suspectable to damage from earthquakes and high wind loading. Even though concrete has less expansion than steel, expansion joints are still needed to allow for the concrete to expand and contract and stop the concrete from sheer stress cracks. Steel however cannot crack easily but can buckle under mass weight loading. In this case study the Burj Khalifa’s choice of framing was reinforced concrete. The concrete specified strengths that ranged between C80 and C60 cube strength with Portland cement and fly ash (Adbelrazaq, 2010).Concrete cannot rust like steel, although the steel incorporated within reinforced concrete can be affected if the concrete is not cured correctly. Humidity levels in Dubai are high at times and the rate of carbonation can be affected by the level pore water. “Good and prolonged curing substantially reduce the permeability and diffusivity of the concrete within the surface zone, which protects the steel reinforcing bars from the aggressive environment and from corrosion. Hence, the importance of adequate curing cannot be over-emphasized” (Wong, no date). “The Empire State Building's frame is constructed by 57,000 tons of steel and beams and towers over at 107 stories. 

Due to the New York climate being on average 54% humidity (results, 2021) There are times where the humidity level exceeds 60% RH Were the rate of corrosion rises rapidly (see figure 6) the steel frame would need additional coatings to combat oxidation. The steel [image: ]columns were fireproofed and encased in concrete which makes the Empire State Building strong, durable, and resilient to all inclement weather” (ARCO, n.d.) . It was built using hot riveted steel frame. This provided the joints with additional strength compared to that of weld or bolt connections (Wiki, 2021).  Although this technique will allow greater strength and allow higher weight application, it gives the building a disadvantage from a reusable and demolition contrast but given the height of the building and its weight loading, this connection technique would help with wind and gravitational stresses.Figure 6 http://www.humidity-pro.com/GB/02-gen-gb/about-humidity-gb.html



[bookmark: _Toc65620756]3.5.2 Assembly/Construction Time
Concrete framed buildings would need formwork in which the concrete can be poured. Restricting the assembly to dry conditions, additional precipitation would affect the Water content within the concrete mix and affect its overall strength. Additional time for manual labour of the formwork erection and removal is also needed. Concrete also requires curing time, curing will largely depend on climatic conditions, the type of cement used, and the temperature during the curing period. “It may be necessary to insulate the concrete by covering it with polythene sheeting or an absorbent material, kept damp to control the surface temperature and prevent the evaporation of water from the surface” (Greeno, 2011).  For the Burj Khalifa, this period would have taken longer due to the hot climate and kept moist to keep ultimate strength. Additives such as Gypsum can be used to slow or calcium chloride to accelerate the setting of the concrete. Calcium chloride however cannot be used in reinforced concrete as there is a risk of corrosion of the steel reinforcement. Steel construction on the contrast is much quicker than concrete at the site of build in terms of its assembly as no form work or curing time is needed, giving the overall build a shorter construction time, which equates to less cost and less social and prolonged environmental impact. Steel framing however requires a higher skilled workforce compared to that of concrete assembly due to the higher task specific skills needed for assembly and connections of the steel beams and columns. This method also comes with a greater emphasis on high powered welding or impacting tools which comes at a higher cost compared to the more manual hands-on less skilled approach needed to pour concrete.  Pumping concrete at greater heights also becomes less practicable due to the need to keep the concrete mixture at a good workable rate to pump without affecting its strength. Steel on the other hand can be lifted by the use of cranes, giving more construction height possibilities and design options for the building without height limitations or having to change the steels characteristics to reach heights to remain workable. Steel framing also allows more room for services to be run within it compared to concrete, allowing more useable floor space to be utilised.
                                                                                                                                                            Figure 7
(Partouche, 2010)

[image: ]
This was proved by the time taken to construct the Empire state building compared to the Burj Khalifa as shown in (figure 7) The Empire state building was constructed in 410 days while it took 1,325 days to construct the Burj Khalifa. 


[bookmark: _Toc65620757]3.5.3 Potential Adaption

Steel frame buildings can be adapted very easily because of the jointing techniques and its high strength to weight ratio. In contrast, concrete frames have little adaption potential due to the need of joint reinforcement and its low tensile strength.

[bookmark: _Toc65620758]3.5.4 Demolition and re-use

Steel structures do not need the same robust foundations than their concrete counterparts because they are significantly lighter than concrete, this reduces the impact of the building footprint. If steel foundations are used, once a building is no longer needed, they can be removed from the ground and either reused or put back into the steel making process (Buildings, 2019). Steel is a very sustainable material as it can be recycled endlessly with no detrimental effect on the properties. Structures can be taken down and the components can either be reused as they are, or 100% can be broken down and returned to the manufacturing process to be used as new components (Buildings, 2019).
In contrast the concrete framing cannot be dismantled as it does not have any reversible connection jointing technique’s like that of steel. Reinforced concrete would need to be demolished with high power demolition machinery and the process would entail a lot more construction work which has more negative impact on the built and natural environment. However, the concrete can be gathered after demolition if not contaminated and it can be broken down and “can be used as aggregates or fillers to new projects” (Ozunu, 2017). 



[bookmark: _Toc65620759]3.5.5 Thermal mass and fire resistance 

Concrete has good fire resistance with no loss of strength up to 250C, halves at 450C but losses its strength at 650C. To reach this temperature it is likely to take up to four hours of continual fire attack at 50mm internally to cause damage, this is because concrete is non-combustible, non-toxic and it has low thermal conductivity, meaning that it does not easily transfer thermal energy, and does not react easily with other substances making concrete one of the safest and most effective materials for structural fire protection (Fireproofing, 2021). Unprotected steel frames however can only resist fire for approximately 15 minutes (Fireproofing, 2021). Steel has a “high heat conduction value, which ends up losing its structural properties in case of accidental fires when it reaches temperatures above 500C. Loss of steel properties can lead to catastrophic failure and result in the loss of property and life” (Andreza P. Cardoso, 2020) because of this Steel framing must be fireproofed. If a steel structure is not properly protected, it can suddenly collapse in a fire if the temperature of the steel rises above 500C (APPA, 2019). Fire proofing can be by way of spraying on concrete, intumescent coatings, ridged fire boarding or by the use of flexible blanket systems (Rodriguez, 2019). It is vital to use infrastructural materials with suitable thermal properties. Thermal mass absorbs heat in the daytime and releases heat during the night time. This proves concrete can help buildings remain cooler in the day and warm up during the night. This gives the occupants of the Burj Khalifa less demand of building services systems (Wiki, 2020). The occupants of the Empire state building however as steel is high in thermal conductivity has poor thermal mass and would require more demands from building service systems.

4.0 [bookmark: _Toc65620760]Conclusion

The construction process of the two framing structures can be seen as advantages or disadvantages as well as its framing material. In reality both methods of construction have their benefits as do the properties of the materials used. Design and sustainability have big influences on framing materials and the location in which the structures are being constructed would determine the overall structural design and properties.
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Fig. 1. Construction rates for the worlds 100 tallest buildings built betsieen 1929 and 2008 (Partouche 2009). Data sources: Emporis Standard
Committee (Emporis 2009) and SkyscraperPage (SkyscraperPage 2008).
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