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Introduction

During this case study of the GSK Carbon Neutral Laboratory for Sustainable Chemistry, I will firstly be looking to analyse and discuss the sub-structure for this project. I will be researching things such as the requirements for the foundations of the building and the excavation works that are required for the foundations. In order to do this, I will be analysing the information given and researching any other reliable sources of information such as the ground conditions in the local area and the location of the laboratory. 

Once I am finished analysing and discussing the works required below the substructure, I will then carry out an analysis of the works on the building superstructure. I will be analysing the superstructure based on the buildings design, structural strength, stability, fire safety, aesthetics, environmental impact and sustainability. These are the core requirements that any building needs to achieve, and some methods of construction can achieve it better than others.

Once I have finished analysing and discussing the above, I should be able to finally conclude which construction method I think would’ve been best for this project and I should also be able to give valid reasoning for my decision.


Substructure

Site Details

Before even thinking about what foundation type and excavation method to use, the first thing we must do is analyse the actual location of the site and the quality of the ground that the building is to be built on top of. In order to do this, a site investigation is required so I have looked at the details I have been supplied with and have carried out a simple look over the general statistics of the project. The GSK laboratory project is to be constructed in the university of Nottingham which is in the middle of England. This is a very busy city. I have also looked at potential access areas to the site for lorries to potentially fill the ground with a concrete fill foundation and there are various accessible access points around the site.  

[image: Diagram, engineering drawing

Description automatically generated]Whilst carrying out a site investigation, it is important to investigate a lot more than simply what you can see on site and the general information of the site. Therefore, I have dived deeper than just casting my eye over vague details. I have gathered research and analysed the history of this exact location over the last 60 years. The reason I am looking at historical maps is because this gives me an insight to possible contamination of the land that we are about to run a project on. Therefore, it is vital to run a proper history check on the site. After carrying out a desktop study on the historical background of this site, I was able to find a map dated back to the 1950s. As you can see from the map above, the site had a building labelled as an ‘engineering works factory’ which was there for at least 20 years as it also shows to be there on a map from the 1970s. Over this period, and potentially an even longer period than just 20 years, a significant of industrial manufacturing work would have taken place at this site using heavy machinery and a lot of hands-on work. All this hard work above would’ve just added more and more contamination to the soil below over the time that work was carried out there. Another thing with the buildings that were previously built on site is that when they were eventually knocked down and removed, some of their remains could still be in the substructure causing potential issues when preparing this site for its new foundation. Due to the above history of this project’s location, we now know that we are dealing with a brownfield site. Therefore, a site remediation strategy would be required, “including a clean capping layer for asbestos contamination, restriction of infiltration through contaminated source areas, and ground gas protection measures. This land would have otherwise remained contaminated and undeveloped” (BRE Group, ND). All of this will add extra costs to the project but once the decontamination is complete, we can choose the correct foundations and begin digging the excavations. 

Foundations and Excavations

Now that I have carried out a site investigation for this carbon neutral laboratory, it is now time to look at the potential foundation types that can be used to support the building that we have been given the superstructure designs for. We will be looking at the 4 main types of foundations and will be analysing whether 

The first type of foundation that I will be looking into is pile foundations. Pile foundations are a deep method of foundations that are constructed using reinforced concrete or steel. Pile foundations are typically more commonly used on large, tall, or heavy buildings as you can go deep into the substructure to increase the structural integrity of the building. This is the most expensive foundation method out of the 3 so therefore in this project steel piles won’t be required as it is only going to be a two-storey building. If you were to use pile foundations for this building it would eat into a large proportion of the total cost of the building when it is not even necessary to do so.

The next foundation type I will be analysing is a raft foundation. Raft foundations are shallow foundations which are spread across the whole bed of the proposed building. Therefore, the foundation will need less excavation as it is shallow but the whole area of the house will have to be excavated to a certain depth. The main difference between this shallow foundation type and other foundation types is that this is well suited to low-capacity soils such as sand because the loads of the building’s superstructure are distributed equally across the entire area of the building. This may sound like a cheap and efficient foundation option for this building, however, the building has quite a larger floor area for a 2-storey building.

The third foundation type I will be looking at is the pad foundation. This foundation type is easy to construct as it does not require as much excavation of the subsoil. Pad foundations are quite versatile in the way that they can be constructed as shallow or deep foundations, completely dependent on the bearing capacity of the ground below. The only problem with this is that if the bearing capacity of the ground below is not strong enough to take the load coming straight through the columns down onto the soil. This would again run the risk of sinking into the weak soil below as the pad foundation is designed to add extra loading in areas where it is needed pushing the ground materials to failure and causing disproportionate collapse to the building.

The final foundation type I am going to look at is the strip foundation. A strip foundation is basically as its name says. Concrete strips are poured into the excavated trenches that are to be dug up to a set depth and width in advance which is usually no more than 2m. The concrete strips are poured wherever there is a load bearing wall running so that the load can be distributed correctly. This foundation type is probably the most used method for 2 storey buildings in the UK due to its efficiency and overall cost as it is the cheapest method. The strata below the foundation must be firm, good bearing strata otherwise it could risk the possibility of sinking the structure leading to the building being unlevel or even catastrophic failure.

Superstructure

When it comes to choosing the correct material for the superstructure of the project it is important to accommodate for all the factors required in a successful building which are:
· Structural Strength 
· Stability
· Design
· Aesthetics
· Fire Safety
· Environmental impact and sustainability.

For the GSK Carbon Neutral Laboratory for sustainable Chemistry project, it had been decided that the buildings superstructure would be primarily glulam construction with large open plan windows all around. I will be analysing this and comparing with other methods to see if this is the best option. Glue laminated timber also known as ‘glulam’ is manufactured by bonding together prepared laminations of solid timber. All grain is arranged in essentially parallel and longitudinal direction.

The first factors we will look at when analysing the choice of materials for the superstructure is the structural strength and the stability of the materials in the superstructure. Small glulam’s and steel beams are commonly used as alternatives in standard house construction to span from wall to wall to take a load from above where nothing else can. However, both glulam’s and steels can also be used in more advanced construction where the whole structure is made up of them. Considering this project is a laboratory, the building will need to accommodate for a couple of large rooms that will have a large span from one side to another, so the likes of traditional brick construction or panelised timber frame construction would struggle to accommodate for such a span. Buildings with such large rooms are better suited to the likes of glulam beam construction or steel portal frame as both materials have the strength, stability and durability to span over large distances very easily. Due to the structural strength and stability of glulam, it is not just used in building construction. It is also quite common to be used for bridges, industrial buildings, towers and platforms. Once instance where glulam is chosen way more commonly than any other material is for swimming pool roofs because of its durability in this particularly corrosive environment with high humidity and chlorine levels. 

[image: Glulam timber wood]The next two factors we can look at for this project are the design and the aesthetics. With steel construction, the design element is optimal for a few reasons. Firstly, having the ability to long span your beams allows the designer the ability to be more creative with their work rather than being narrowed to small span rooms. Not only does it just have a benefit to room sizes, steel is a good material for construction as it can be easily curved to create a more aesthetic building shape. This is more difficult for traditional methods such as brick construction to achieve. The aesthetical disadvantage of having a steel finish is that it may not be that appealing on the eye, especially in this project which is all about being carbon neutral and sustainability. Glulam construction also has its advantages for its design and aesthetics. In design, glulam is extremely reliable and very adaptable with its ability to span over distances and its extreme flexibility. A glulam is prefabricated in a factory into whatever shape and thickness that the glulam is required in. These advantages once again make it very similar to steel construction, however, glulam construction is also very aesthetically pleasing due to its timber laminate finish which provides a warm and comfortable feel to a building. 

When it comes to the fire safety of a glulam building, you would probably instantly think that the fire protection is very poor due to the fact that it is made from wood. However, “large section timber elements actually perform very well in fires” (Techlam, ND). This is because timber does not deform like steel but instead it chars at a known rate. Fire performance of glulam has been the subject of extensive research and structural glulam members can be designed to last a certain period of time in a fire based on the rate at which it chars. Additional fire protective finishes can be used to further increase the fire performance.
 
The final aspect I will be looking into is the environmental impact that the design has with the materials and their sustainability. Glulam construction and timberframe construction in general is the most sustainable method of construction. The biggest advantage of glulam when it comes to sustainability is using it as an alternative to the likes of brick, concrete, steel, mortar and other materials which all have a high carbon footprint. The reason that timber is so sustainable is that it literally grows out of the ground and does not have to be mined. Glulam beams are more efficient to produce because it only takes a fraction of the energy that is required to produce steel or concrete. My favourite thing about the use of timber in the construction industry is the sustainable forestry practices that are in place to ensure there are as many new trees planted as harvested, so the chopping down of trees to use this timber does not have a negative effect on the global climate crisis. This makes timber frame construction 100% sustainable. However, on this project the glulam construction is not the only material within the design that is having a positive environmental impact. In between the majority of the glulam beams you will see that [image: A group of people sitting at tables

Description automatically generated with medium confidence]it is filled with large glass windows. There are 2 main reasons that the gaps are just filled with big glass windows. The first reason is that it is very aesthetically pleasing to look at the combination of the glulam finish with the windows. But the most important reason is that the building will get a lot of natural light which reduces the environmental impact because the building would not need to use energy from light bulbs as often. 
Conclusion

In conclusion, I believe that for the substructure, it is between the raft foundation and the strip foundation. The raft foundation is a cheap process due to not much material being required and the excavation job is pretty easy as it just requires a shallow depth for the entire floor area. However, due to the floor area being quite large, the best option for me would be to go with a reinforced concrete strip foundation. This is because it is a simple excavation job to dig the trenches all along the load bearing walls, then fit the rebar and just tip the concrete in. This is way more efficient than any of the other methods and is overall a lot cheaper as well.

Regarding the superstructure, I believe that the designer has got it exactly right by going with the glulam construction method. I have shown above that steel frame construction is also an option as it can provide for all the factors required to be a success and is fantastic as a structural material. However, I am a big advocate for all things timber frame construction especially glulam construction. It is perfect for each factor that was looked at above and especially regarding its sustainability. I can imagine this method of construction slowly becoming more and more common in the UK over the next few years especially with global warming becoming a bigger issue each and every day.
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