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[bookmark: _Toc124200720]Abstract/Introduction
Within this case study I will be analysing, discussing and evaluating the BMTrada case study provided on the GlaxoSmithKline (GSK) Carbon Neutral Laboratory for Sustainable Chemistry which was constructed by Morgan Sindall for the University of Nottingham with a value of £15.8m. 
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[bookmark: _Toc124200722]General Requirements
The general foundation requirements when they are being designed and analysed in consideration to the ground conditions and its location are as follows: 
· Settlement 
· Vibration
· Lateral Displacement
· Ground Heave
· Tilt 
· Durability
[bookmark: _Toc124200723]Types of investigations used to provide information required for the design of foundations
Prior to foundations being designed for a specific project we must ensure that the ground conditions have been considered in relation to its location. To gain the relevant information a thorough investigation must be carried out and there’s two methods used to help us obtain this information. The first method is to carry out a desktop survey, which is either completed on paper or by using the internet e.g., Google Maps/Google Earth. A desktop survey includes looking at aerial photographs and the records from local authorities e.g. The Planning Portal. 
The second method to help obtain the information required is through a site survey or otherwise known as a walkover survey. This would also include completing trial pits throughout the site as well as borehole records and a walkover of the proposed site. 
The easy accessibility of online maps e.g., Google maps has made it even easy to analyse and highlight potential issues and complete a review of the site without visiting the area. There are various details which can be highlighted when you are evaluating the site and these include: 
· Topographical Details – heights and levels within and around the site boundary can be identified through shadows and existing features such as fencing boundaries, rights of way & existing buildings as well as the topographical lines. 
· Watercourses – There are strict guidelines that must be followed when you are within reach of a flood plain so that the correct measures are put into place to protect the building. 
· Trees with preservation orders can be identified by referring to maps or photographs.
Furthermore, you could gain historical information by studying historical maps that can be found in libraries or online. These maps can reveal what used to occupy the proposed site and can identify the following:
· Contamination through identifying the use of land previously 
· Underground obstacles by identifying the size of earlier buildings or mine works
· Boundaries, footpaths and roadways
All of the above points would influence the design of the foundations used at the proposed site for the GlaxoSmithKline (GSK) Carbon Neutral Laboratory for Sustainable Chemistry.
Trial pits and slit trenches are used to inspect the structure of the soils that the proposed building will lay upon. Trial pits are usually 2m x 2m x 2m deep so the site engineer can visually inspect the layers of the stratosphere, establish the groundwater level, and take samples from the wall of the pit for further testing. A trial pit is typically excavated using a backhoe or back actor excavator. Slit trenches cover a larger area than a trial pit. It also provides the soil engineer with a greater range to inspect the subsoils on site. The location of a trial pit/slit trench must be accurately recorded on a scaled plan so that any records obtained in the test can be identified later down the line. Ideally, a detailed record should be made of the trail pits in a log that includes various types of different information such as:
· The depth of the strata
· Types of different strata 
· The level of the groundwater e.g., water table 
· Any testing undertaken and the depth of it 
Boreholes are a technique of investigating the subsoil layers. This technique is executed by using a drilling rig. Here I have inserted a picture of a drilling rig so that you can refer to.  Drilling rigs are used so that information can be recorded from deeper in the ground. It is more effective than a trial pit as you can reach greater depths. 
[bookmark: _Toc124200724]Types of Foundations
There are five different types of foundations which include:
1. Strip foundations
2. Trench fill
3. Raft foundations
4. Pad foundations 
5. Pile foundations 
[bookmark: _Toc124200725]Strip Foundations 
A strip foundation is a traditional method where the external walls will sit on a concrete strip that will go right the way around the perimeter of the building. This foundation will be dug to around a metre into the ground. This is so it cannot be reached by the frost and harsh weathers that come with living/building in the UK. This also means that concrete will not be affected by any changes to the soil. Most strip foundations built in the 21st Century use ‘trench blocks’ which are the same thickness as a concrete block. These blocks are designed to lift the wall off the strip foundation. Advantages of a strip foundation are; they are simple to construct and they are cost effective for the depth with limited excavation. The disadvantages of a strip foundation are that; the sides of the trench may require support and wider strips are required to support greater loads on areas where there’s poor ground conditions. 
[bookmark: _Toc124200726]Trench Fill
A trench fill foundation method is similar to the strip foundation that has been explained in the above paragraph. A trench fill foundation is usually excavated at 450mm wide and then concrete is poured into the trench. This method of construction is quite quick and depending on the size of the job, the foundations can be completed within two to three days. Two advantages of a trench fill foundation are that: there is no backfilling required and it is a quick method of construction. Disadvantages of using a trench fill foundation is that: there can be extortionate costs that come with large volumes of concrete and the sustainability of using large quantities of concrete is low.
[bookmark: _Toc124200727]Raft Foundation
Where a strip foundation method doesn’t fit the criteria for a foundation design then a raft foundation may be suitable. It consists of a reinforced concrete slab with thick edges and in theory it balances on the ground. The slab in a raft foundation provides a level platform to make sure the building is supported over the whole area of ground underneath the superstructure. This method is best when building on unstable ground as if the ground should ever move by a few millimetres then building will move with the ground/foundation. The process in which the ground may move is called differential settlement. The advantages that come with using a raft foundation are that: it allows for any differential settlement and the floor and foundations are cast at the same time which means it saves time, especially if you have a tight programme. The disadvantages of choosing a raft foundation are that: it requires formwork and steel reinforcement design, and the edge of the slab has to be protected from all weathers.
[bookmark: _Toc124200728]Pad Foundations
Another method that could be utilised on this project is the pad foundation or pad & beam foundations dependant on the ground conditions. A pad foundation is usually square or rectangular and in rare cases circular. Their purpose is to support a load such as a steel column. A pad foundation spreads the load bearing to a level where the ground underneath the foundation can support the loads placed upon it. Pad foundations can be reinforced to resist the forces exerted by the steel columns with a bolt box that casts the bolts into the foundation. The steel base plate is then bolted into position and then grouted so that there is no room for any movement. The grouting is usually completed when all the steel columns have been levelled and checked by the engineer using an EDM (Electronic distance measuring instrument.) Two advantages of using a pad and beam foundation are that: they can be linked with a continuous beam that provides a foundation for the external wall and it is an economical foundation to use for steel columns. One disadvantage of using a pad & beam foundation is that if you have a large pad, it could be required to resist uplifting forces from strong winds. Control measures would have to be put in place if this was a scenario that you had.
[bookmark: _Toc124200729]Pile Foundations
Finally, the last method that is available for use on the GlaxoSmithKline (GSK) Carbon Neutral Laboratory for Sustainable Chemistry is the pile foundation. A pile is a vertical column that is manufactured using concrete or steel. Once the piles are transported to site, they will be driven into the ground. Once they have been driven into the ground they then rely on the friction in the ground or the end bearing of the pile. Piles are typically bored into the ground by using a piece of machinery called a pile-drilling rig. The advantages of using a pile foundation are that: it is an economical method when reaching a greater bearing capacity and pile foundations can be prefabricated off site which means less skilled labour is required on site. One disadvantage of choosing a pile foundation is that there may be elements of noise during the installation process. Therefore, you may have to consider the surrounding area and whether there’s any residential areas in close vicinity. There are different types of classifications in terms of piling, and these are as follows: 
· Replacement piles – the ground is excavated by boring and is then replaced by pouring concrete into the hole and lowering a reinforced cage into the concrete to form a reinforced concrete pile. 
· Displacement piles – a falling force is used to drive a pile to push the ground out of the way.
· Pile caps – These are structures that are attached to a pile foundation to form a cap which stops any movement in the foundation. The cap also provides a stable platform to attach the columns.
· Ground beams – Ground beams link with pile caps and are reinforced with steel cages. This is where the external wall then sits.
[bookmark: _Toc124200730]Foundation Type required at the GSK Carbon Neutral Laboratory for Sustainable Chemistry
Based on the information provided within the BM Trada case study provided to me and the information I have obtained from relevant sources show that the foundations designed for the GSK Carbon Neutral Laboratory for Sustainable Chemistry are a reinforced strip foundation with a shuttered concrete wall above. This is in lieu of a concrete block wall which potentially saves time but still requires carpenters to shutter the wall and provide formwork prior to the concrete pour taking place. There’s limited information regarding the ground conditions on this site and so the main evidence this foundation type is the ‘Detail section through timber-framed curtain wall of winter garden’ on the given case study. While, we have limited information on ground conditions, it is obvious that the foundation design could never have been piled foundations because there’s a brickwork plinth sitting on top of the foundation in which case makes it a strip foundation. The typical excavation width and depth will be around 1000mm deep and at least 600mm wide as this is the width of a standard bucket on an excavator but can sometimes increase to 850mm wide. The depth of the concrete should be at least 225mm thick.
[bookmark: _Toc124200731]Superstructure 
The superstructure to any building is equally as important during the design process as the substructure because of the numerous factors that are impacted on the building envelope throughout its life span. The choice of materials used in the design and construction of the GSK Carbon Neutral Laboratory for Sustainable Chemistry was described by (RIBA Architecture, 2018) “This is bigger than a building – it’s a philosophy” which refers to the materials that have been incorporated into the construction of the building by using sustainable and carbon neutral methods such as the green roof system, a structure which consists of a braced glulam timber frame of beams and columns with cross-laminated timber (CLT), cedar cladded fascia’s and soffits, timber-framed double glazed windows, wood fibre insulation amongst other materials used on the project. As described by the (University of Nottingham, No Date) the aim of this project was not only to “offset the carbon emissions from construction within the next 25 years, but also utilises water reduction and heat capturing technologies to deliver an array of additional environmental benefits.” This statement shows that the efforts from the investors GSK to achieve their target in becoming carbon neutral by 2050 and further in the influence in the project to achieve a sustainable and environmental design and construction phase. 
[bookmark: _Toc124200732]Glued-laminated timber (Glulam)
Glulam is made by gluing laminates of timber under high pressure and heat and is a natural more sustainable alternative to steel and concrete while also having the structural strength to compete with them. In comparison to unprotected structural steel glulam is a much safer and cost-effective material when comparing their fire resistances. When fire encases a glulam beam, a carbon layer forms around the structural core which is known as charring. This restricts the supply of oxygen and heat to impede the fire. According to (Glulam Solutions Ltd, 2019) the burn-off rate of glulam is 0.7mm/min and therefore expensive fire protection coatings are normally not necessary.” This is an advantage in comparison to structural steel which would require an intumescent coating to achieve the required fire rating whether it is 30 minutes, 60 minutes etc. however this is not the case when using glulam. Glulam products on this project were also manufactured using PEFC and FSC certified materials as stated by (BM Trada, No date). To summarise, not only is glulam an equal if not better than its competitors in terms of structural stability, fire resistance and strength it is also far more aesthetically pleasing and environmentally friendly and sustainable in the construction process. 
[bookmark: _Toc124200733]Cross-laminated Timber (CLT)
 Cross-laminated timber is formed in a similar way to the already aforementioned material in glulam which uses sections of timber bonded together using permanent adhesives. The way in which Cross-laminated timber differs from glulam is it is formed into panels rather than beams. There are various grades of this product that can be manufactured and is suitable for low, medium and high-rise construction. Throughout this project it was used for the structural floor and wall elements of the building in lieu of using concrete methods which are far less sustainable and not part of the design intent. 
[bookmark: _Toc124200734]Appendix 1 – Strip Foundation CAD Drawing
[image: ]
 
 
 
 
 

[bookmark: _Toc124200735]Bibliography 
Within the Bibliography, I have used the following sources to help widen my knowledge on certain fields within this case study and where applicable referenced accordingly. 
 The GSK Carbon Neutral Laboratories for Sustainable Chemistry (2018). Available at: https://www.architecture.com/awards-and-competitions-landing-page/awards/riba-regional-awards/riba-east-midlands-award-winners/2018/the-gsk-carbon-neutral-laboratories-for-sustainable-chemistry (Accessed: January 7, 2023). 
Glulam Solutions Ltd (2019) Available at: http://www.glulamsolutions.co.uk/glulam/fire/ (Accessed: January 8, 2023)
The Carbon Neutral Laboratory (no date) The Carbon Neutral Laboratory - The University of Nottingham. Available at: https://www.nottingham.ac.uk/chemistry/research/centre-for-sustainable-chemistry/the-carbon-neutral-laboratory.aspx (Accessed: January 9, 2023). 
Sutton, A. and Black, D. (2011) Cross-laminated timber - bre. Available at: https://www.bre.co.uk/filelibrary/pdf/projects/low_impact_materials/IP17_11.pdf (Accessed: January 9, 2023). 
BM Trada (No date) GSK) Carbon Neutral Laboratory for Sustainable Chemistry, for the University of Nottingham
 
 
 
[bookmark: _Toc124200736]List of References 
1. The GSK Carbon Neutral Laboratories for Sustainable Chemistry(2018). Available at: https://www.architecture.com/awards-and-competitions-landing-page/awards/riba-regional-awards/riba-east-midlands-award-winners/2018/the-gsk-carbon-neutral-laboratories-for-sustainable-chemistry (Accessed: January 7, 2023). 
2. Glulam Solutions Ltd (2019) Available at: http://www.glulamsolutions.co.uk/glulam/fire/ (Accessed: January 8, 2023)
3. BM Trada (No date) GSK) Carbon Neutral Laboratory for Sustainable Chemistry, for the University of Nottingham

image1.jpg
Prifysgol Cymru
% Y Drindod Dewi Sant

& University of Wales
Trinity Saint David

3




image2.png
25
5K
be%%e%

SRR





