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Introduction
The following report will provide research for the proposed project, with the aim of that research being able to recommend material choices, components, construction methods and machinery. The report will further provide research into what energy saving and sustainable options are available, providing recommendations whilst also considering and recognising how social factors of the community and students influenced certain design decisions.   

























2 Materials and Components

Sustainable construction considers both a buildings structure and use through suitable life cycle processes, the choice of materials is judged a substantial undertaking, (Gharehbaghi et al, 2019). Chen et al (2019) echoes this standpoint by suggesting the selection of sustainable building materials is possibly regarded as the simplest and most critical way of achieving sustainability. Fazeli et al, (2019) on the other hand argues that having to consider a variety of different factors such as sustainable materials availability, project goals, construction scenarios and user preference make decision making more challenging.
Gharehbaghi et al, (2019) further contends that there are other critical factors which can influence material selection along with the long term sustainability of the structure, these are:
· Fire performance
· Environmental impact
· Structural performance (Strength and durability)
· Functioning capabilities

2.1 Frame – Reinforced Concrete
Gharehbaghi et al, (2019) suggests there are three main materials used in general construction with all three having positives for their use, these are: 
· Steel 
· Concrete
· Timber
For the proposed project the recommended material is Reinforced concrete (RC). Rohden (2018) argues that concrete is one of the most important material for building in the world, while suggesting RC structures are designed to fulfil an extensive variety of criteria such as safety, durability and serviceability. 
RC has good strength in both compression and tension, and has great versatility due to the combination of concrete and steel (Mosley, 2012). Due to the mixed use of the proposed building and the requirement of commercial units, the versatility and flexibility of using reinforced concrete for the columns is able to provide large spans between the columns allowing larger open spaces (Rafal et al, 2017), therefore appealing to many potential occupants for the spaces available. 
Fire resistance of reinforced concrete is also a great factor in its choice for use, it provides a great deal of fire protection without the need of special fireproofing methods required for steel and timber to achieve similar fire ratings (Wright et al, 2009), and as previously identified with the commercial units as part of the building and not knowing what the units may be used for, fire resistance could be deemed extremely important. 
Reinforced concrete can also be acknowledged as economical as its components are readily available worldwide and inexpensive, the production of concrete is relatively low, and due to the long lasting nature of reinforced concrete the maintenance cost is low as is the operational cost due to the low maintenance, durability and energy efficiency (The Constructor, 2021).
As well as economical concrete being able to reduce environmental impacts by using recycled materials as substitutes for cement, it also has the ability to be recycled as aggregate at the end of its life cycle (The Concrete centre, 2022, The constructor, 2022). 

2.2 Floor – Reinforced Concrete slab
It could be argued that reinforced concrete slabs are one of the most used structural elements (Park et al, 1999). As previously established, reinforced concrete has many advantages, as well as those previously identified it also gives a high acoustic performance (Concrete Reinforcing Steel Institute, 2016). With the commercial units below the student accommodation, acoustic performance should be considered to try and limit the amount of excess noise transferred to the accommodation, in order to make it a comfortable living space.
Due to concretes thermal mass it can also aid comfort in terms of temperature control while being deemed as an energy reducing strategy (Shafigh et al, 2018). The use of a concrete slab could also be seen as the most flexible option for services as they do not have to pass around structural elements.


2.3 Building Envelope – Clay Brick
When considering the aesthetic look of the building it was decided to stay in keeping with the surrounding area and the look of the buildings nearby, while also considering sustainability and performance of the material.  
From the site visit and a look at the buildings located nearby it was the decision to go with a brick finish for the proposed project, but in order to keep in line with a sustainable building research was carried out in to what type of brick would be best.
From the research carried out it is recommended the use of clay brickwork is to be used. Williams (2020), described clay bricks as ‘intrinsically sustainable’ and suggested the use of bricks can help decrease temperature fluctuations internally due to their great thermal mass, while its durability and manufacturing process ensures it is one of the more sustainable building materials.     
Brick development association (2022), further supports this by suggesting clay bricks high thermal mass can delay and decrease changes of temperature in a building, this can help with reducing the risk of overheating throughout the day and reduces the speed in which the temperature falls during the night. There are also other advantages to the use of clay bricks that Brick development association (2022) consider as: 
· They are non-combustible and resist the spread of fire
· Provide effective acoustic insulation
· Requires minimal maintenance 
· Long life expectancy
· Resilient to extreme weather conditions
· Adapting the use is easier than modular forms of construction
· Retains value for multiple periods of ownership
· The bricks can be reclaimed at the end of the buildings life
Brick development association (2022) argue further that compared to other types of bricks such as concrete, natural clay bricks are still one of the most eco-friendly and cost effective materials.
Building green (2008) appear to support these claims also as they suggest clay bricks contribute to sustainability due to its local availability, acoustic insulation, potential for reuse and low construction waste, while arguing that brick manufacturing have developed to incorporate sustainable practices therefore reducing its impact on the environment. 

2.4 Roof – Inverted
Another important design consideration when thinking about sustainability and conserving energy is the roof. Ideally it needs to be designed to efficiently reduce heat loss (Kraus et al, 2019). The roof design should also conform to Building Regulations part L, this is concerned with restricting heat losses and solar gains therefore improving the energy performance (RICS, 2022).
Taking in to account the factors mentioned the recommended roof design for the proposed project is an inverted roof. An inverted roof is where the waterproof layer is positioned below the thermal insulation layer (Gorse et al, 2020). The surface of the roof is then loaded with a paving or ballast system which provides protection (Frank et al, 2018)
It can be argued they have the ability to not only meet but surpass the requirements set in Building Regulations part L due to its many advantages such as, the waterproofing layer is protected from UV radiation and impact damage, the waterproof layer acts as a vapour barrier reducing the risk of condensation within the roof construction and has the ability to reduce the urban heat island effect (CPD, 2016).
Central to the design of an inverted roof is the water infiltration layer, it helps with reducing heat loss from rain water cooling. RIBA, CPD (2020) also suggest it is vital to understand the role of an inverted roof and how to use U-value calculations to correctly account for their presence.  
The choice of insulation for the inverted roof should also be carefully considered to ensure it has good thermal performance, strength and low water absorption. 
An inverted roof also has the possibility of being used for green or blue roof designs which is seen as another advantage. 
Below shows the proposed inverted roof make up (Fig 1)
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Fig 1 Proposed inverted roof. (Owen Brown 1901187)

2.5 Modular en-suite shower pods
Modular construction could be seen as a game changing technology for the construction industry (Thai et al, 2020). Modular construction consists of prefabricated units that are fully pre-assembled during manufacturing and then installed on site (Lawson et al, 2012). It has the advantages of better quality control, faster installation lower environmental impacts and the possibility of being reused therefore retaining value (Thai et al, 2020, Lawson et al, 2012). Bertram et al (2019) echoes these opinions and argues that modular construction has the ability to speed up construction by 50% and the potential to cut costs by 20%.    
The use of modular en-suite shower pods is recommended due to the reasons already established, it will speed up the construction process especially due to the amount of en-suites required for the project, the requirement for resources will be less while also minimising the risk of problems such as leaks within the en-suites as they would have been fully tested before being delivered to site. 





3 Construction Methods and Machinery

3.1 Foundations – Continuous flight auger (CFA) piling
The purpose of a buildings foundations is to safely support and transmit dead, imposed and wind loads to the ground (Chudley et al, 2014). Foundations can be straightforward or extremely complex and choosing an accurate and effective method is critical (Illingworth, 2002).  
In order to identify the correct foundations for a building it may be deemed necessary to carry out a ground investigation, this will give valuable information such as the depth of the water table the nature, thickness and stratum depth of sub soil and allowable bearing pressure (The constructor, 2021). 
Following the ground investigation for the proposed project, and the ground make up discovered as shown below (Fig 2) it is recommended that the use of CFA piles are used.
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Fig 2. Ground investigation results. (Rees: 1807470, 2022)
In order to install CFA piles, a CFA piling rig would be required. For the process to be carried out safely and correctly, firstly preparation of the site and setting up of the rig is required to enable a level and stable platform is available at each pile position. 
Once safely and correctly set up piling can begin. This is carried out by drilling down to the required depth using a rotary head attached to a continuous flight auger with a hollow stem at a controlled speed. Once the depth is reached concrete can then be pumped in through the hollow stem of the auger and fill the borehole as the auger is removed. Following the removal of the auger a reinforcement cage can then be driven in to the concrete to the set depth.

3.2 Cast in-situ Reinforced concrete frame and floors
For the construction of the reinforced concrete frame and floors, it is proposed this is carried out using the method of cast in-situ concreting. The method of precast was also considered due to advantages such as reduced construction time and quality assurance (Lim et al, 2020). 
Precast is not without its disadvantages though such as possible transport issues, high initial investment with the overall cost higher, the connections between each component is critical and if not done correctly could result in leaks and failed acoustics (Priya et al, 2018).
There can be long lead times which if not planned correctly could lead to delays (Concrete centre, 2020), a lack of flexibility and inferior resistance to progressive collapse (Evstratova et al, 2021). 
As with precast, cast in-situ also has its advantages and disadvantages. The disadvantages are seen as the amount of labour required, inability to determine the weather and weather conditions and quality control on site can be more complicated with more skilled workers required (Evstratova et al, 2021). 
In contrast to the disadvantages of precast, cast in-situ has the advantages of being flexible making it relatively easy to make late changes to the structure if required (Löfgren et al, 2001), it provides open planning solutions and has higher fault-tolerance and durability (Evstratova et al, 2021). Collum (2017) echoes this by suggesting cast in-situ offers a more robust solution compared to precast. 
It is due to these advantages including the flexibility and durability of the cast in-situ method that it is the proposed method of construction for the RC frame and slab floors.
The process in which cast is-situ is carried out is to firstly to assemble the reinforcement, following that either shuttering or formwork is erected around the reinforcement, then the concrete can be poured in to the remaining space. Once the concrete has cured the shuttering or formwork can then be removed to reveal the finished product in exactly the right position, it may also be worth mentioning that in order to prevent the shuttering or formwork bonding to the concrete a release agent can be used.   
Though the main construction method being proposed for the frame and flooring is cast in-situ, the project also aims to take advantage of the benefits of the precast method for particular components of the build such as the stairs and lift shafts as lead times for these elements are much less than the frame, making the planning of these components relatively straightforward. Using a hybrid combination of the two methods utilising the benefits from each can also lead to a better value for the project (Concrete centre, 2020).    

3.3 Machinery 
When considering the vehicles/machinery for a project it is essential the correct vehicles are chosen for the job and capable of executing their tasks safely (HSE, 2009). 

3.4 Excavator
For the site clearance one of the most common used piece of machinery is the excavator, a must have machine for site preparation (Medcalf, 2018). The excavator offers versatility and stability while providing power, with the ability to carry out such tasks as moving large boulders and rocks, uprooting trees, digging and backfilling. Making it the ideal option for the proposed projects site clearance. 

3.5 CFA piling rig
As has already been discussed the machinery required for the foundations of the proposed project would be CFA piling rig would be required. 

3.6 Mobile crane 
For the install of the precast stairs and lift shafts a mobile crane would be recommended. There is the also the option of a tower crane but due to the size of the proposed project a mobile crane would be the best option as it gives versatility and flexibility while costs and set up times are considerably lower than that of a tower crane. (Altida, 2021) 

3.7 Telehandler
A telehandler is recommended due to its flexibility and versatility, it can perform a variety of tasks such as loading and unloading, pulling in and out operations as well as the ability to carry out high rising operations. (Guo et al, 2016). On the construction site a telehandler is used to lift heavy materials to the required location or can be used as a platform in order for work to be carried out at greater heights safely (The Constructor, 2021). 


4 Energy

Due to climate change, the need to reduce the construction sectors carbon footprint and the need to meet the goals of a net zero carbon UK is arguably now more important than ever. The consideration of the energy is not just when the building is being used, but also how energy is used during construction, as Kibert (2016) suggests, the conservation of energy is best addressed through effective building design. From construction techniques, material choices, and the consideration of how the buildings materials could be reused at the end of its life so that no energy is wasted throughout a buildings life is important (Gharehbaghi et al, 2019). As Der-Petrossian et al, (2000) states ‘the construction sector provides the direct means to the development and expansion of economic activities, but is at the same time a major consumer of physical and natural resources and a polluter of the environment’.
Buildings are seen to use around 48% of global energy every year through their construction and operation as embodied energy (Manish, 2019). The Embodied energies can be classified as:
· The initial embodied energy. This is the energy used in constructing the building, this includes extraction, transportation of materials, and manufacturing of materials and how the building is assembled.
· Recurring embodied energy. This is the energy used carrying out refurbishments or on maintenance. 
· Operational energy. This is the energy used in ways such as heating and cooling the building as well as for lighting and appliances. 
· Demolition energy. The energy used in the demolition and disposal of the building.
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                              Fig 3. Embodied energy of a building. (Morini et al 2019).

Other considerations that could be taken in to account when planning and constructing the project could be the shape and orientation of the building, weather conditions such as sun rise and fall as well as rain fall, as Pathan et al (2018) and Sinha (2020) suggest a buildings orientation plays a key role in climate response and comfortable living. As well as the performance of the building envelope through insulation, window performance, air tight construction and thermal bridging avoidance. Once the building has been designed to have minimal energy loss, it would then be appropriate to consider what energy sources to provide the building with (Mwasha et al, 2011).

4.1 Energy sources
In order to conform to the Governments Net Zero strategy of decarbonising all sectors by 2050 (UK Government, 2022), it is recommended for this project to use renewable energy sources where possible for the project.   


4.2 Air source heat pumps

The provision of hot water could be achieved with the use of a heat pump, specifically air source heat pumps (ASHP). At first the use of a ground source heat pump was considered but after the ground investigation that was carried out, due to the makeup of the ground this was deemed unsuitable. This led to looking at the possibility of using air source heat pumps as an alternative. The use of air source heat pumps for student accommodation has already been tried and tested at various locations around the UK such as the King Edward quay in Colchester (MBS, 2015). Here they made use of the ability to cascade three air source heat pumps together with a large capacity hot water cylinder with immersion heaters, pressurisation unit and a plate heat exchanger, this was capable of supplying 381 room pods and 57 kitchen pods with the hot water demand required (Installer online, 2015). 
Taking these figures in to consideration there is no reason why the project in question should not be able to make use of the sustainable option of air source heat pumps. 
The air source heat pumps would be installed externally by either mounting them on the side of the building or can be fitted to the roof. It is recommended that they are installed on the roof, therefore not visible and changing the aesthetic of the building.  

An alternative to using air source heat pumps could be gas boilers, as under current government guidelines the ban on installing gas boilers in new build projects doesn’t come in to effect until 2025 and the phasing out of gas boilers by 2035 (UK Government, 2021). 
The upfront cost of installing gas boilers would be considerably less, and with the perspective option of hydrogen replacing gas, the installation of gas could be seen as a good short term solution to save money, with the hope hydrogen will be available at some point in the near future. Though it is thought a decision on hydrogen will not be made until 2026 (UK Government, 2021). 
Though the initial cost of air source heat pumps will be higher, over the long term it is suggested that this money can be recovered, as according to Tangwe et al, (2019) ASHP water heating operation can effectively save energy in summer and winter leading to reduced costs compared to gas heating. Therefore in keeping with the design specification of the building, to be sustainable and efficient the use of ASHP is proposed.  





4.3 Heating
The recommendation for heating the student rooms is the use of electric radiators. Dry electric heating options can offer significant reductions in capital costs (Bush, et al, 2021).
It can be judged that there are many positives to the use of electric radiators for student accommodation, these are but not limited to as suggested by Electric radiators direct (2021)

· WIFI ability, being able to control the heating digitally through a mobile phone
· Available with open window technology, which detects a sudden drop in temperature and cuts power to the radiator to save the loss of heat. 
· Safe and simple to maintain
· Available with motion sensors for communal spaces
· Simple installation

The use of electric radiators appear to be a good sustainable option going forward, it offers the opportunity of using electricity created from on-site renewable sources such as photovoltaics (PV) which can reduce capital and operational costs (Vadodaria, 2014)


4.4 Photovoltaics
As previously mentioned the use of solar PV on site is a productive way of reducing capital and operational costs, Palm (2020) suggests it is a promising renewable energy that is suitable for both large and small applications. Ghaleb (2022) echoes this by arguing that solar PV technology can be used on all types of buildings like residential, industrial and commercial.  
The use of PV alongside the ASHP will further increase the efficiency of the ASHP further reducing costs.    



4.5 Energy Suppliers
The top three green energy suppliers as stated by Wales online (2022) are:

· Good Energy 
· Green Energy UK (GEUK) – 100% Green gas and Green electricity
· Ecotricity - in partnership with Gower Power

4.6 GOWER POWER
· Produced by Swansea-based community-owned solar farm and storage facility 
· 100% renewable energy 100% of the time, in partnership Ecotricity 

As you can see from above there is an option to use a local renewable energy supplier called Gower power. They are in partnership with the company Ecotricity which is also in the top three greenest energy suppliers as stated by Wales online.   

4.7 Transport
The transportation of staff, materials and waste plays a significant role to the carbon dioxide emissions created in construction along with disturbing the local community from deliveries and workforce car parking (Constructing excellence, 2022). In order to minimise the carbon footprint and disturbance caused by transportation during this project, car parking will be planned for, routes to site will be identified and deliveries will be planned around avoiding peak traffic hours with the avoidance of the city centre, by using more direct routes of the M4. The use of local suppliers will be utilised where possible to minimise the distance, materials will need to travel while also grouping deliveries together to minimise the overall amount of deliveries required. 



5 Social Aspects

5.1 Community
Budget, environment, form and function are considered to be some of the many aspects during construction, (Rise, 2019). Prior to the initial idea of constructing a new building or even a renovation or change of purpose, it is necessary to consider how it will impact the local community and the social aspects. Wilson (2018), believes that buildings can contribute to social aspects by providing support to local communities by meeting their social needs. Though measuring the impact on social value is generally harder than compared to measuring such things as a buildings energy use. The value for society comes from outcomes that positively influences the collective quality of life and are related to things that promote liveability such as health and wellbeing, equity and security. Wilson (2018), goes on to suggest that, it is important that a project avoids harming the existing community at the absolute minimum. Ideally the project should generate added benefits for the community.
According to Loosemore (2016), due to recent developments in social procurement, any company wishing to tender for large construction projects will need to demonstrate not just their efficiency in their projects but also their ability to positively impact the communities in which they build, and the CBRE (2019), believe that people are fundamental in the long term success of a building, which mutually benefits the developer and local community. Social impact for public benefit should therefore be a natural outcome of any development, such as bringing new jobs to the area, growing of the economy as well as environmental improvements and wellbeing. Also according to CBRE (2019), it is more important than ever to seize social impact and carry out active and effective community engagement. This will lead to a more streamlined process and go towards acquiring better developments. 
The turning point in the growth and awareness of the social aspects of building developments could be put down to the Localism Act 2011, this gave local authorities the rights and powers to make decisions about building projects locally ensuring they will benefit their community. 
In order for the student accommodation to adhere to the social responsibilities required, and in order to benefit the local infrastructure, as the principle contractor we would look to utilise the use of local building companies and SME’s to use as sub-contractors as well as using local builders merchants to purchase materials where possible ensuring that we also meet the sustainable need for the build. Also the growth of the infrastructure from the development of the commercial space as a way of bringing more jobs to the area. The outdoor communal gardens will be accessible to not just residents of the building but also the public. While a gym would be advised as part of the building as it could be used by both the public and residents, this could brining inn extra revenue, as well as the availability of the gym encouraging a healthy lifestyle physically and mentally. 
 

5.2 Students.
Along with the importance considering the local community for a building project it is also extremely important to consider what the buildings use is, and how it can be built to give the users the best possible experience. As the project in question is for student accommodation and for many of the students going to university, would be the first time staying from home and living independently, going in to the unknown may seem at first quite a daunting time, it will play a large part of their educational and social development, with the accommodation playing a vital role in their experience (Jackson et al, 2019), it is now more than ever critical that their health and wellbeing is very much accounted for by creating an environment where students can thrive and grow. According to Percy (2019), Student mental health and wellbeing while studying at university is a complex area which requires ‘looking at the whole institutional approach and whole student experience, it’s not just about dealing with problems but it’s about how students can flourish and how you can create communities where that can take place’.
The number of students who have sought mental health support during their time studying at university has increased more than 50% in five years (Wong, 2018), and due to the recent Covid-19 pandemic this could again have drastically increased, as Defeyter et al, (2021) suggests, the Covid-19 pandemic has had a serious and negative impact on the mental health of university students and is a growing concern. 
As the mental health of the students is paramount it is important to ensure the accommodation is completed to an acceptable standard and with the correct facilities to go towards combating this. There will be a mix of different types of rooms, all with ensuites and kitchenettes but also social kitchens, dining rooms as well as recreational rooms available. The thought process of having shared kitchens and recreational rooms was that the students will be able to congregate, socialise and relax together away from their rooms and hopefully this will allow them to bond with their fellow students. The recreational rooms could comprise of TV’s and games such as, pool tables and or table tennis. The students could utilise these rooms to have fun, relax and enjoy general downtime with other students, when taking a much needed break from their studies. 
The idea of a gym being available as previously mentioned, could go a long way in the combat against mental health as Mikkelsen et al (2017) suggests, exercise can result in an improved mood, lower stress and anxiety as well as improve self-esteem.
As previously stated, utilising one of the commercial spaces as a coffee shop would give the students another social environment to go to, opposed to staying in their rooms.
Further, as part of the accommodation, the outdoor landscaping will be done in such a manor to encourage the students to go outside and enjoy the fresh air and scenery around them. Having seating areas available in the communal gardens gives the students the opportunity to enjoy the outdoor space provided, whether it be to study outdoors or just a place to take a break from their studies. 


















6 Conclusion

This report has analysed and recommended some of the desired options for the proposed project. Considerations of sustainability, buildability and safety were all taken in to account when deciding upon the recommended choices. The main material choice of reinforced concrete and clay bricks were chosen for a number of positive reasons but a big factor in these choices was due to their fire resistant properties and the safety of the residents for the proposed building was seen as paramount. Sustainability was a desired target for the client and this has attempted to be met through various components recommended, none more so than the use of air source heat pumps and solar PV, the air source heat pump was compared to gas boilers and though the upfront cost of gas may be cheaper, with the efficiency of air source heat pumps and the goal of a carbon neutral society, it is the logical decision to use the sustainable options presented. This report has aimed to take in to consideration the clients aims and objectives and delivered the options recommended with relevant justification and reasoning. 
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Family: Basic Roof
Type: Project Roof
Total thickness:  477.5 (Default)
Resistance (R):  6.7554 (m2"K)/W
‘Thermal Mass: 385.09 k/(m3K)
Layers
Function [ Material | Thickness
[1_[Fimish 2 151 Gravel 400
2 |core Boundary  Layers Above Wrap 0.0
[3_[Thermal/Ai Layer [3] Rigid insulation 2250
|4 |Membrane Layer  Roofing, EPDMM 0.0
5 Concrete, CastinS 2000
6 |Core Boundary  Layers Below Wrap 0.0
[7_[Finisn 1 141 Plaster 125
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Depth to range of
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Description.

‘Made Ground

Ground Level

2532

Finc to medium sand
with boulder of
Quarzitic sandstone.

Acolian Sand

2.5-3

10.9-15.5

Medium to dense
light brown and
yellowish fine to
medium sand with
calcarcous

fragments.

Fluvio-Glacial Till

10.9-15.5

20.30-23

SHff, dark brown and
greyish sandy clay
with lots of
subrounded cobbles.

Lower Coal

20.30-23

Extremely weak grey





