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Brief
Through research, compare and contrast two existing habitable buildings from around the world, one of Concrete frame, one of Steel frame and report on the details of their initial design planning, construction and their potential impact, with consideration to sustainability, at the site of the build.






















Concrete frame case study
Cartwright Gardens Student Accommodation
Fig.1 Cartwright Gardens, Student Accommodation. Source: https://tpbennett.com/projects/garden-halls/
Address: Cartwright Gardens, Bloomsbury
Usage: Residential (Student Accommodation) 
Cost: £10.9 million
Storey: 9 Storey
Total Floor Area: 30,000m2
Construction: Reinforced Concrete Frame 
Project Duration: 9 months


[image: See the source image] 
[bookmark: _Hlk29899265]Description of the Project
[bookmark: _Hlk29891932]J P Dunn Ltd. were tasked with the construction of a new student accommodation for the city of London. The project consisted of the demolition of existing buildings, re-development of the listed Hughes Parry Tower, and the construction of a new structure formed from a precast concrete frame with structural, brick-faced concrete cladding to the building’s envelope. (Multiplex, 2020) 
The Hughes Parry Tower was refurbished, which included replacing all internal and external finished to provide 246no en-suite, self-catered rooms. Within the new structure, a further 954 rooms were constructed, made up of 709 en-suite catered bedrooms, 73 en-suite, self-catered bedrooms and 172 bedrooms in the townhouse. (Multiplex, 2020)  
The total gross internal floor area for the development totals at 32,557m2 - which includes a new servicing and delivery access at lower ground level accommodating 600 bicycles. (Multiplex, 2020)

[bookmark: _Hlk29892198]Construction
J P Dunn were required to break out the existing basement, rebuild, and subsequently build the new reinforced concrete frame. Structural alterations to the lower seven-storey section that was to be retained were required which also included augering for king post sheet piling utilising a machine mounted auger. The new frame incorporated 24 reinforced concrete cores which meant [image: https://farm8.staticflickr.com/7437/16543676306_0179104a55_b.jpg]that the resource commitment was substantial. (J P Dunn, 2020)
Fig.2 Cartwright Gardens. Source: William Edgill https://www.flickr.com/photos/william_edgill_london/16543676306/













Continued…/
[bookmark: _Hlk29899275][image: https://farm1.staticflickr.com/627/22347447904_e0c6469600_b.jpg]There are approximately 1100 number precast clad panels incorporating four brick types and installation had to be undertaken in a very condensed time frame to meet the required deadlines. This meant that three separate gangs were working on-site in separate tower cranes. (Thorp Precast, 2020)Fig.3 Cartwright Gardens u/c. Source: Steve Keiretsu https://highlevelcontracts.co.uk/projects/new-bridge-street-student-accommodation/









Continued…/
[bookmark: _Hlk29899282][bookmark: _Hlk29892174]Constraints
Due to the project requirements of redeveloping an existing listed building, and the construction of the new adjacent structure, the planning stage would have had its limitations. The local conservation officer would have scrutinised the application to ensure that the new build is of high design quality that enhances and preserved aspects of the local area and the original construction time period. (Design For Me, 2020) 
Gavin Finnan, a spokesperson for Maccreanor Lavington (manufacturers of the precast façade), stated the following on the architects' approach to a historically sensitive site;
“The challenge was to design a contemporary nine-storey facade along one side of a historic garden square, opposite a crescent of listed four-storey Georgian townhouses.” (Building construction design, 2020)
[image: http://i.imgur.com/2vygOCj.jpg]Fig.4 Cartwright Gardens u/c. Source: https://www.skyscrapercity.com/showthread.php?t=1801067


[bookmark: _Hlk29899287]As a result of the sensitivity of the project location, and the strict conservation regulations, the use of specialist plant was required. This consisted of necessitating the use of specialist quarrying equipment to comply with the noise and vibration restrictions which included the use of machine-mounted Marini breaker and Darda splitter. (J P Dunn, 2020)
J P Dunn Construction state within their case study that they were challenged by delays due to the decommissioning of an existing UKPN substation. They were tasked with implementing acceleration measures to recover lost time and reduce the programme for construction of the reinforced concrete frame from 48 weeks to 39 weeks.  This was achieved without sacrificing safety or quality, through means of correct resource management and supervision. (J P Dunn, 2020)
[bookmark: _Hlk29899293]Being a central London project, space was a premium and work had to be undertaken within strict road closure times. When it came to finishing work, the access was non-existent, so a team of abseilers were employed to carry out the remaining tasks. (Thorp Precast, 2020)


















Steel frame case study
Cartwright Gardens Student Accommodation
[image: Image result for New Bridge Street Student Accommodation]Fig.5 New Bridge Street Student Accommodation. Source: https://highlevelcontracts.co.uk/projects/new-bridge-street-student-accommodation/

Address: New Bridge Street, Newcastle
Usage: Residential (Student Accommodation) 
Cost: £20m 
Storey: 12 Storey
Total Floor Area: 8000m2
Construction: Light Steel Frame 
Project Duration: 15 months



Description of the Project
[bookmark: _Hlk29899300]Robertson Construction were tasked with the development of new student accommodation for the city of Newcastle. The New Bridge Street West project is located on the site of a former night club and comprises of 3 separate tiered blocks, all linked together to form high-quality accommodation for students attending the Universities of Newcastle. (Light Steel Forum, 2018)
Designed by Ryder Architecture and developed by Kier Property, the new-build has given the site a new lease of life through constructing adjacent to the grade II listed John Dobson House. (Robertson 2018)
The total development provides 233 en-suite cluster bedrooms and 120 studios and is the tallest panelised light steel load-bearing structure constructed in UK with a total floor area of 8000m2. (Light Steel Forum, 2018)

Construction
[bookmark: _Hlk29899307]The initial design at pre-contract stage was for the building to comprise of a precast concrete frame system, but the main contractor, Robertson, put forward a light steel frame solution designed by Kingspan. (Light Steel Forum, 2018)
The design had to be sympathetic to its historical surroundings, and the local conservation officer would have scrutinised the planning application to ensure that the new build is of high design quality that enhances and preserved aspects of the local area and the original construction time period. (Design For Me, 2020) 
The buildings were designed to utilise the integral concrete stair cores of the blocks to supplement the structural stability of the light steel framing system. An enhancement of the external envelope to consist of insulated panels was designed to push for a net-zero building. (Light Steel Forum, 2018)
[image: ]The buildings were constructed using pre-clad, single leaf, panelised light steel load-bearing walls at a 2.9-3.7m spacing which support the composite floors above - all of which were installed via crane. The Kingspan system consisted of 100mm and 70mm deep ‘C’ sections with diagonal bracing to all load-bearing walls to resist shear forces of the wind. Temporary propping was not required as Multidek 80 decking in two thicknesses were used across the span. The overall construction cycle was approximately seven days per floor which included placement of prefabricated bathroom ‘pods’. (Light Steel Forum, 2018)Fig.6Aerial view of the ongoing installation in the heart of the city centre. Source: https://highlevelcontracts.co.uk/projects/new-bridge-street-student-accommodation/




Constraints
[bookmark: _Hlk29899313]With regards to the design objective, it was essential to understand the heritage adjacent to the build. The local conservation officer would have scrutinised the original and revised the application to ensure that the new build is of high design quality that enhances and preserved aspects of the local area. (Design For Me, 2020) The building was also designed to ensure complete integration of all required services, and the possibility of future adaptions. 
[image: ]Fig.7 Architects Impression of the 7, 10 and 12 storey accommodation complex. Source: 
www.lightsteelforum.co.uk › download › Kingspan+Newcastle+Case+study




[bookmark: _Hlk29899321]The construction of the structures required extensive planning from a logistical viewpoint considering the lack of laydown area. With only one area available for unloading from the road, effective transport scheduling was key to meeting programme. All deliveries were given specified time slots and required cooperation from all members of the project team to maximise crane availability and minimise disruption of the local surroundings. (Light Steel Forum, 2018)
[bookmark: _Hlk29899327]In total, there were 80no deliveries of light steel wall panels and decking. In a weekly cycle, there were three deliveries of light steel wall panels, one delivery of profiled steel decking and the concreting delivery for floors took place on one day per week. (Light Steel Forum, 2018)

[image: ]Fig.8 Installation of light steel framing with pre-clad external walls Source: 
www.lightsteelforum.co.uk › download › Kingspan+Newcastle+Case+study




[bookmark: _Hlk29899332]Robertson adopted a sheet piling operation which used silent press machined that pushed piled into the ground, which subsequently avoided excessive vibration and noise to the sensitive surroundings. (Robertson, 2018)



Conclusion
[bookmark: _Hlk29899337]It’s important to note that both of the above buildings are award-winning due to their extensive planning and construction. 
Below is breakdown and comparison of both buildings with regards to ease and speed of construction, cost and sustainability 

Table 1. Comparison of Both Habitable Buildings with Regards to Ease and Speed of Construction, Cost and Sustainability.
	Project
	Ease and Speed of Construction
	Cost
	Sustainability and Potential Impact

	CONCRETE FRAME – Cartwright Gardens
	As the erection of the concrete frame was delayed due to a postponement in decommissioning of an existing substation, tasks were re-arranged to run concurrently to ensure the target deadline was met. Acceleration measures were put in place to recover lost time which reduced the construction of the concrete frame from 48 weeks to 39 weeks. (J P Dunn, 2020)

The precast elements were constructed off-site, which ensured a speedy on-site construction as the concrete elements had already set and cured.

Three separate tower cranes were used to install the precast concrete framing and cladding and due to the lack of space and finishing works were completed by a team of abseilers. (Thorp Precast, 2020)

Nevertheless, the project opened on time and was almost instantly inhabited. 
	Due to the pre-cast element of the structural members, the cost of the erection was minimal. Whereas if these elements were cast in situ, allowances for drying/curing times must be considered which add additional charges to the project caused by downtime. 

The amount of plant used for the project decreased due to the prefabrication, as only cranes and delivery trucks were required. 
	As a result of the reduction in the number of plant required, fewer carbon emissions were produced, thus lowering the overall carbon footprint of the project. 

“The development received a BREEAM New Construction 2011 rating of ‘Excellent’ with a final score of 73.1%. Sustainable features include photovoltaic panels on the roof, a number of green roofs and low flow taps and sanitary fittings.” (Concretecentre.com, 2020)

	STEEL FRAME – New Bridge Street
	Considering the site logistics and construction efficiency, the Kingspan light steel framing used for the project proved to be the ideal solution for the challenging site. (Light Steel Forum, 2018)

The light steel frame significantly reduced the construction programme and improved the buildability. (Light Steel Forum, 2018)

The use of the steel-framed construction meant that each floor took only seven days to construct. (Light Steel Forum, 2018)

Due to the lightweight materials used and the lack of offloading facilities, using the light steel frame proved beneficial as only 80 deliveries were required in total. (Light Steel Forum, 2018)

The building was handed over two weeks early to the main contractor for the remaining tasks to be completed. (Light Steel Forum, 2018)
	The reduced transfer loads resulting from using light steel meant that smaller pile caps were required, thus minimising the cost of foundations – saving 40% on foundations loadings in some locations) (Light Steel Forum, 2018)

The tower crane costs were reduced significantly due to the lightweight material. The crane used only required a 1T end load as opposed to the 15T initially specified. (Light Steel Forum, 2018)

As the building has an enhanced external envelope with regards to carbon emissions, a saving was made to the internal building services. (Light Steel Forum, 2018)

In total, there was a saving of £1.5M by using the light steel framing as opposed to the initially proposed construction of precast concrete. (Light Steel Forum, 2018)


	As a result of the reduction of transfer loads, the plant was kept to a minimal, thus reducing the overall carbon footprint for the project. (Light Steel Forum, 2018)

“As part of Kingspan’s commitment to maintaining route to Net-Zero Energy Buildings, the design team concentrated on the whole of the building rather than on a specific area. This resulted in the provision of a superstructure with an enhanced external envelope allowing savings to internal building services” (Light Steel Forum, 2018)

The system used made for excellent acoustic and thermal insulation as all prefabricated walls were lined with Benchmark insulated liner panels with a U-value of 0.16 W/m2K. (Light Steel Forum, 2018)


  
[bookmark: _Hlk29899344]In conclusion, it’s clear that both concrete and steel frames have their advantages, but it’s important to evaluate why the specification for the New Street Bridge project diverted at pre-contract stage from concrete, to a steel frame Robertson, the steel frame contractor, stated the following:
“The original tender was to be an in-situ concrete podium level and a precast concrete panel wall and floor system to form the blocks above. The start date was proposed as January 2016 with completion for September 2017. We quickly looked at the scheme and it came clear that we could not meet these time scales and the tight site location meant the size of cranes required for 10-15T panels was not practical and also deliveries of precast concrete panels were difficult in such a tight site area. So, we changed the design to a KingBuild LSF above the podium. For the taller blocks, concrete cores were constructed to certain floor heights for lateral stability” (Light Steel Forum, 2018)
[bookmark: _Hlk29899351]As stated by Robertson, the decision proved crucial for the following reasons:
· Overall, pile foundations loadings were reduced by 40%, making the scheme viable in terms of development and funding. (Light Steel Forum, 2018)

· Programme advantage on installing light steel framing and by temporary weatherproof at certain levels allowed earlier fit-out. (Light Steel Forum, 2018)

·    The perimeter walls used the Benchmark liner panel system that was pre-installed, so 70% of external wall areas were weather protected. (Light Steel Forum, 2018)

·     The tower crane costs reduced significantly by the 1T end load rather than 15T. (Light Steel Forum, 2018)
·     Overall the scheme came in on budget (and the precast concrete option would have added about £1.5m to the overall cost. (Light Steel Forum, 2018)
·     The construction programme would have been up to 10 weeks longer which would not have met the completion date. (Light Steel Forum, 2018)






















comparison of The Framing materials
[bookmark: _Hlk29906891]The materials used in the construction of the aforementioned buildings are both steel and concrete; however, they aren’t used in their solitary state. The concrete used for the Cartwright Gardens project was reinforced using steel, and the steel used in the New Bridge Street project also had the inclusion of concrete core staircases, which aided with the stability of the lower levels. 
There is one major factor to consider while making a comparison of the two materials; the steel used for the New Bridge Street project was ‘light’ steel framing, meaning it was cold-formed as opposed to hot rolled. 

Durability
Prior to construction, the durability of materials should be considered for a number of reasons. The durability ensures the longevity of the building without any significant deterioration. 
Table 2. The durability of steel and concrete
	Cold-Formed Steel
	Concrete

	According to The Steel Construction Institute, the key benefits of light steel construction in relation to durability are:

· The design life forecasts for a light steel framing in a ‘warm frame’ environment are in excess of 250 years. 
· Light steel sections are protected from corrosion by continuous hot-dip zinc coating. (SCI, 2020)
· Steel does not shrink, warp or change its shape. (SCI, 2020)
· Steel does not creep under load. 
· Galvanised steel does not suffer from fungal or biological deterioration and is not susceptible to insect infestation. (SCI, 2020)

There are, however, a number of negative factors in relation to the durability of steel:

· It has a low fire resistance
· It is less able to endure localised concentrated loads. (Brainly, 2020)
· The residual stress on the cross-section affects the buckling resistance of the steel.
· It is prone to reverse when there is flexural compression. 

	According to the Portland Cement Association, the key benefits of concrete in relation to durability are:

· Has a design service life of 50-60 years; however, concrete structures built by Romans are known to have lasted more than 2000 years. 
· Resistant to adverse weather conditions
· Resistant to chemical attack
· The UV portion of solar radiation does not harm concrete
· Concrete is not susceptible to insect infestation. 

There are, however, a number of negative factors in relation to the durability of concrete:

· Civil Today state that the tensile strength is about one-tenth of its compressive strength
· The mixing, casting and curing elements to making concrete all affect the final strength. (Civil Today, 2020)
· Concrete is prone to shrinkages which caused crack development and loss of strength (Civil Today, 2020)



[image: ]
Fig.8 Properties of some engineering materials Source: Zhang, H. (2016). BUILDING MATERIALS IN CIVIL ENGINEERING.



[bookmark: _Hlk29906884][bookmark: _Hlk29908055]The above table taken from Building Materials in Civil Engineering shows the properties of steel and concrete in relation to density, tensile strength and thermal conductivity. As you can see from the above, the tensile strength and tensile modulus of elasticity are far higher in steel. However, the thermal conductivity is also higher. 
When you consider the environmental conditions on site of the two buildings, the two are located midland United Kingdom, which is susceptible to heavy rainfall and cold weather during the colder months, and warm weather during the summer months. 
Both framing materials can cope with the climate without any severe deterioration or affect to its longevity. The concrete would be prone to degradation during the wet spells, but this can be avoided by following a maintenance regime. A spokesperson for Kingspan stated the following regarding its resistance to the climate; “Diagonal bracing was installed to all the load bearing walls on the lower floors to resist the shear forces acting due to wind” (Light Steel Forum, 2018). Steel does have the ability to expand and contract with changes in temperature, however, in the United Kingdom, the fluctuations in temperature aren’t extreme, and steel can eaily withstand. 
Ease of Assembly and Adaption
The ease of assembly is a huge consideration as with risk and effort, comes a cost. It’s also important to consider that the use of a building will often change within its life-cycle; therefore, considerations must be made for the possible adaption of structural members. 
	Cold-Formed Steel
	Concrete

	As per the case study above, the ease and speed of assembly of cold-formed steel structures are satisfactory with the ability to adapt to challenging site conditions. 

All materials related to cold form steel are pre-fabricated away from the site and delivered as of when they are needed. This reduces the number of man-hours required on-site.

With regards to adaptions within the buildings life-cycle, steel structures are often designed to consider the possibility of re-use. They are easily adaptable due to the simplistic nature of construction. Steel frames are often fixed via bolts or welds. In order to add additional steel members, due to the compatibility between components, it is usally a straight forward process. The wastage caused by this can then be 100% recycled. 
 
	As per the case study above, the ease and speed of assembly of pre-cast concrete structures are satisfactory with the ability to adapt to challenging site conditions. 

Similar to steel, the concrete members are pre-fabricated and delivered to site as of when they are required, minimising the number of man-hours required on site.

With regards to the adaptability of concrete structures - as the case study displayed - it is difficult, but not impossible. Within the case study, a demolition was required in order to construct the new adjacent structure. This can be a tedious and expensive process, and wastage from concrete demolition is usually obsolete but can sometimes be reused as aggregate.



Environmental Impact
[bookmark: _Hlk29908067]Environmental issues and sustainability play significant roles in all aspects of construction. Below is a table explaining the likely impact of the frame materials original production on the environment. 
	Cold-Formed Steel
	Concrete

	Steel is incredibly sustainable due to the fact it’s completely recyclable, and according to the ‘Bureau of International Recycling (BIR) – World Steel Recycling in Figures 2013-2017’, the European Union recycled 93.25 million tonnes in 2017 alone. 

With all that being said, the production of steel has many hazardous factors; including air emissions, wastewater contaminants, hazardous wastes and solid wastes. Coking and iron-making have the most harmful environmental impacts in relation to the production of steel. As almost all of the emissions associated with steel production stem from this. In 2010, the total emissions from steel production were 2,500 million tonnes of CO2. (Carpenter, 2012)

During the coke production, major pollutants are released. The pollutants - such as; coke oven gasses, naphthalene, ammonium compounds, crude light oil, sulphur and coke dust - are released from the coke ovens, have drastic effects to the surrounding environment.

The slag, limestone and iron ore impurities collected at the top of the molten iron make up the most significant portion of iron by-products. The emissions generated are volatized and captured in air emissions control equipment, and the residual slag is sold to the construction industry. 

However, cold-formed steel has a much lower energy impact in comparison to other construction materials. There are far fewer fossil fuels consumed during the manufacture due it being shaped and moulded while cold – thus, fewer fossil fuels are used to heat the steel to the molten point.  (Nationalgeographic.com, 2020). 

Not only does this material use less overall energy and fewer resources, but building with cold-formed steel is a ‘dry’ process, which means that there is no water required. This means that there’s no chance of harming the environment through polluted water runoffs. 

As well as during the manufacturing process, using cold-formed steel supports the conservation of energy for the end-users of the building. The high acoustic and thermal values of the cold-formed steel translates to cost savings and enables energy-efficient design. The designers now have many options for insulating, whether as cladding or internal insulation. U-values of less than 0.15W/m2K can be achieved cost-effectively with the correct insulation type. 

Lightweight steel systems do not suffer from overheating in the summer, and they are more responsive than heavyweight systems. The offsite nature of this method of construction means that higher levels of air-tightness are possible, which in turn lowers the price of monthly energy bills. (Steelsustainability.org, 2020)

Cold-formed steel contains a minimum of 25% recycled steel and is continually, and completely recyclable. This means that the manufacturers should be sold scrap to be recycled into more steel products, allowing contractors to generate extra revenue on their projects. (BuildSteel.org, 2020) 

Cold-formed steel meets the highest sustainability requirements set in all major green building standards and rating programs, including ‘Leadership in Energy and Environmental Design (LEED) National Green Building Standard (ICC-700) for residential buildings. Due to the recyclable properties of steel, it can contribute to the points required of high performance, green building.  (Steelsustainability.org, 2020)


	CSIRO (the Commonwealth Scientific and Industrial Research Organisation) state that the embodied energy for concrete in a residential building is much greater than any other material used, and is almost 100GJ higher than its nearest material. (CSIRO, 2020)

The energy consumption of the plant and machinery used to source the raw material are massive, and without masses of energy, concrete cannot be made to the scale it is required. The energy used during the manufacture of concrete is by means of burning large amounts of fossil fuels - which are non-renewable. 

The reason large amounts of fossil fuels are needed to produce concrete is that high temperatures are required for concrete to form correctly. Not only does the production of this material release massive amounts of emissions, but the delivery of the concrete to site also has negative implications as cement Lorries require a sufficient amount of fuel onboard to keep the drum turning, stopping the concrete from solidifying. 

According to EEA (The European Economic Area), out of all the waste generated over the world, construction and demolition account for 48% of that waste. Out of the waste generated, 78% of it is a direct cause of concrete production. (EEA, 2020)




[bookmark: _GoBack][image: Image result for embodied energy concrete steel]Fig.9 Embodied Energy (GJ) for Materials Source: CSIRO



The above graph depicts the average embodied energy of materials in a residential building, showing that concrete’s embodied energy exceeds all other materials listed. 










conclusion
In conclusion, it’s clear that both materials are suitable for their intended purposes and often surpass expectations. However, following extensive research of both, and the comparison of two similar case studies, it is my opinion that steel is the superior structural material. The reasons being;
· its ease of use
· its simplicity in design
· its durability
· cost 
· sustainability
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