

TABLE OF CONTENTS





Introduction			………………………………………………………………………………..	2



Sub-structure			……………………………………………………………………………….		4



Site History			……………………………………………………………………………..		6



Foundation Choice		……………………………………………………………………………..		8



Superstructure		……………………………………….……………………………………		9



Conclusion			…………….……………………………………………………………..		12



Bibliography			…………………………………………………………………………..		13
















The aim of this study is to use the GSK Carbon Neutral Laboratory for Sustainable Chemistry, University of Nottingham (depicted in figure 1) and its case study done by BM TRADA along with other sources of information and:

· Analyse and discuss the foundation requirements of the building, primarily considering location

· Estimate the excavation works required to construct the foundation. 


· Analyse and discuss the material choice for the superstructure considering design, structural strength, stability, fire safety, aesthetic and environmental impact and sustainability. 
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Figure 1 Shows an image of the GSK Carbon Neutral Laboratory for Sustainable Chemistry, University of Nottingham (Hamilton-Knight, 2017)

The Laboratory which was completed in 2017 is in Nottingham, it is a two-storey timber framed building which spans over 4500 square meters () and can hold along with equipment 100 plus persons. 

The aim of the building was to be environmentally friendly during and even after construction by choice of materials, methods of construction and sustainable designing.  Fairhursts Design Group who were the architects designed the building in such a way as to reduce the embodied carbon used in the construction and post construction phase of the building, the design methods used should make the building carbon neutral over its 25-year lifetime. 
All the efforts were made to ensure the building is sustainable by way of reducing the embodied carbon when the building was completed amongst other methods.  It achieved the BREEAM outstanding and LEED platinum awards which are the highest levels at the time for green building certifications. (School of Chemistry University Park Nottingham, 2017) 

BREEAM outstanding award the building won in 2018 post construction which “is the world’s leading sustainability assessment method for master planning projects, infrastructure, and buildings. It recognises and reflects the value in higher performing assets across the built environment lifecycle, from new construction to in-use and refurbishment.” (BRE GROUP, 2018)

LEED Platinum also being the highest level of LEED certification which a widely used building rating system that judges these five main categories:

· Sustainable sites
· Water efficiency
· Energy and atmosphere
· Materials and resources
· Indoor environmental quality


The building which uses timber throughout its construction such as for cladding, flooring, structure, and walls is a very versatile and most importantly sustainable material which is also quite aesthetically pleasing. Glulam and Cross Laminated Timber (CLT) which both being quite similar but have different uses which is the bonding of timber using bonding agents to increase the integrity are very light, fire resistant and strong uses of timber. 

Along with the wide use of timber other methods are used for sustainability such as rainwater attenuation, photovoltaic systems, ventilation towers all add to the building’s aim for sustainability. 















SUBSTRUCTURE


When deciding what foundation to decide upon there are some general considerations that need to be met such as:

· weight of the proposed structure​

· purpose of the proposed structure​

· the soil of the proposed site (soil mechanics)​

· history of the proposed site​

· cost feasibility

The design of the building stating that it will be a timber framed and timber cladded already speaks to the building being relatively light. Using timber is not only more sustainable but reduces the weight, timber is much lighter that other materials such as steel and concreate. The building is also only two storeys high which also limits its weight if compared to a taller building. With the building being lighter this means there is less load and pressure for the underlying soil to bear, so even with a relatively week soil it will pose less of a problem for stability. 

Purpose

It is also primarily designed to be a good example of sustainable construction during and even after. With its aim to be as sustainable as possible this will be a key factor in choice of foundations, it will have to be a choice that is the most or more sustainable out of the other choices. It is designed to be a  two-storey laboratory that will hold around 150 scientists. (Ijeh, 2016)

Soil

The soil type of the site has a large role to play when deciding the foundation type. The use of a borehole can be done to examine the type of soil and rocks that you may be working with to ensure that the most appropriate and educated decision on choice of foundation a borehole done in the area can be forum in figure 2. Boreholes give us an idea on the load bearing capacity the soil underneath the site has, so we can then decide if the load is too heavy for the soil beneath, if the load bearing capacity is low and a heavy building is placed it may cause major cracking, sinking and even collapse which leads to damage of property or even loss of life. 





​
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Figure 2 Shows a borehole log from the year 1953 that is 0.15 kilometres away from the site that we are investigating, the borehole reaches 200 feet below ground level. (British Geological Survey, 1953)

The borehole log shows that the soil is primarily made up of mudstone and shale soils, with the top later consisting of made ground and gravel. The made ground reaches down to 13 ft and is followed by gravel. Below the made ground and gravel sandstone and mudstone can be found which are relatively weak soils, however at a depth of 171 ft ironstone can be found that is 6 ft in thickness, iron stone being very strong. Though this borehole was not taken from the construction site we shall assume that the site will have a similar make up. 







SITE HISTORY 
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Figure 3 A historic map of the site highlighted in pink in the year 1930. (Digimap, 2018b)
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Figure 4 A historic map of the site highlighted in pink in the year 1960. (Digimap, 2018b)
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Figure 5 Ordnance Survey taken of the site. (Digimap, 2022)

The historic maps in figures 3 and 4 show the site that the lab is built on is not a green field site but rather a brown field because in the 1930’s there was a flour mill built on it and later in the 1960’s a factory is seen on the site. This may be the reason for made ground being in the area making up the topsoil. Also, it is not highlighted what type of factory was built there but abandoned factories can lead to the contamination of the soil which will impact how building foundations are gone about. If contamination occurs there may be need for increased caution and further investigations will be needed. 

Figure 5 which is an Ordnance Survey shows the proximity of the river to the site this can affect the soil situation and water table levels which can change or influence choice in foundation. 














Cost 

When it comes to cost to build the building this was not considered when constructing and sustainability is the forefront of all decisions made it hard to consider cost. Sustainability designs however will always pay off in the long run, but the start-up and construction will be quite expensive. 

FOUNDATION CHOICE 

With all the information found above and assumption made such as:

· The made ground found in the borehole located 0.15 miles away will also be found on the sites location if a borehole had been done directly on site.

Due to the buildings lighter frame choice and height the option of a strip foundation being used can be explored. However, because of the made ground that is found that is 13ft thick this will have to be removed because made ground is not the best soil type to construct foundation on because it often uses manmade materials such as crushed concrete and break. The process of creating a strip foundation is also not the most sustainable way so pile foundation was chosen. 


Pile Foundation

Pile is the type of foundation used when the building either has a heavy load or the soil is very weak and has a low load bearing capacity or both.  Screw pile  which have been chosen also called helical piles uses torque, like twisting a cork into a wine bottle is a very similar action which is done by a machine. 

Screw piling has been chosen as the pile foundation type because of its sustainability compared to other types. Screw piles can be reused once intact or the steel that they are made from can be melted down and reused.

Using screw piling lowers the carbon footprint because it has lower embodied carbon, only the initial manufacturing phase has most of the embodied carbon which can be lowered if they are made with recycled material. There is little to no digging or excavation needed to install the screw piles, they are just simply twisted into the soil to the desired depth. These facts reduce installation time and reduce machinery used, by reducing these aspects it reduces the amount of carbon created by the entire process. Also, if a pile was not installed properly, it is quite easy to rectify unlike a cement-based foundation. Figure 6 is an image of a screw piles it is easy to see where the name came from because they look like large versions of regular screws and because they are ‘screwed in’ these can be made as long and as thick as necessary to match the needs for the structure and foundation. 
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Figure 6 An image of a screw pile or Helical piles. (Screw Piles Ltd, n.d.)

SUPER STRUCTURE 

As mentioned above timber is the main material used throughout the project in the superstructure it was chosen for its sustainable attributes. 
Timber is the name given to wood that is harvested and prepared for use in construction, it has been used the structure’s frame, cladding, floors, and walls. 
Single-fired terracotta panels and western red cedar boards were used as rainscreen cladding, terracotta is a material made from clay and water, its popularity lies with its beauty it is also it is a very durable and versatile material, the same true for the western red cedar where its popularity and importance lies with its beauty and sustainability. 

Sustainability 

Timber is a natural, renewable, versatile, and sustainable material it is also non-toxic and very safe to work with (Dalton, 2017). It doesn’t require much processing to turn a tree into workable timber unlike manufacturing steel or concrete; less processing time means less embodied carbon and emitted emissions. It is also a natural insulator better than steel, by having a material with good insulation this means it requires less energy for heating this will then reduce the energy needed to heat the building when it is completed. Waste product from timber can be recycled and used so there is little no wastage occurring. It is also very easy and quick to build with, timber frames go up relatively easy this mean less impact on the environment if machinery must be used. The downside of harvesting the trees can lead to deforestation which can then affect the environment however all the timber used in the project are all PEFC and FSC-certified which means that the timber used comes from well managed and reasonably harvested forests. Western red cedar like any other timber is sustainable but that increases this type of timbers sustainability because is it has a very fast growth rate so once manged properly this should not lead to deforestation, and it is very light wood so that means “it’s less fuel intensive to transport.” (Duffield Timber, 2021)

Terracotta is a very sustainable material it is 100% natural being made from clay and completely recyclable, it is also quite low in maintenance which makes it more sustainable. Terracotta also has insulating capabilities which adds to the reduction of cost and emissions needed to produce indoor heating. 

Structural Strength and Stability

The timber was used to create glulam which made the beams and columns for the structure. Glulam or glued laminated timber is a natural alternative for steel or concrete frames, it is 
a “structurally engineered wood product, manufactured by bonding layers of timber together in a parallel and longitudinal direction using a durable, moisture-resistant structural adhesive” (Buckland Timber, n.d.). It can be both used on the exterior and interior and was first used in Europe in the early 1800’s, it is used as framework in residential and commercial construction. By gluing different layers of timber and adding coatings it adds to the strength and stability of glulam the thicker it is the stronger it is. 

As glulam is used for the framework Cross Laminated timber (CLT) is used for cladding and structural walls this is quite like glulam where it they are both layers of timber glued together however CLT are glued together at right angles which creates a thick and stable material. 


Aesthetic 

Though sustainability has a large role in the design of the GSK Laboratory atheistic also plays a part, making the building both a masterpiece to look at and sustainable is a plus.  The CLT used for the floors, walls and cladding where chosen because they can be left as an exposed surface finish because it is warm, subtly varying in tone and very attractive, the timber used to make the CLT for the external wall cladding is western red cedar used to make panels to clad. Western red cedar is known for its beauty, though beautiful it is highly resistant to decay. Figure 7 shows the structure from a side angle showing the western red cedar exterior cladding. Most of the glulam frame is also exposed, showcasing the beautiful 500 x 500mmm columns used in the framework. Thanks to glulam and CLT’s natural attractiveness there will be less materials used in finishings. Another material used that adds to aesthetic is terracotta used in single-fired terracotta panels. Terracotta is used in the construction industry for its aesthetic it is a beautiful burnt orange colour with hints of brown and has a smooth finish that enhances the overall look of buildings. 

[image: CIBSE Journal April 2017 carbon neutral laboratory Nottingham University]
Figure 7 A side view of the GSK Carbon Neutral Laboratory for Sustainable Chemistry (CIBSE Journal, 2017)

Fire Safety

Though glulam and CLT are made from timber they resist fire well, when exposed to fire, timber retains its strength for a longer period than metal, steel needs to be coated to have some resistance against fire thus lowering sustainability. Most persons believe that timber is less fire resistant than steel however steel once heated is easily distorted unlike timber and when using such thick pieces of glulam or CLT it is even harder for them to catch fire. Ironically, in the year 2014 the building at the time was 70% complete had an electrical fault and was burnt to ashes construction of the superstructure had to start from scratch hopefully there were changes made to prevent that reoccurrence. 

Terracotta that is used in the cladding of the building is also naturally resistant therefore it had been used as cookware over the years, so using it as a cladding material is a very smart choice that also looks good.

Design  

When considering the choice of material as it relates to design using CLT and glulam where excellent choices because they are quite flexible and versatile. They both can be moulded and cut into various shapes and styles. The construction of ventilation towers is a good example of how glulam and CLT are quite versatile, the building consists of four (4) prefabricated ventilation towers. These towers are at a 45 ° with a cantilever at the base and where even fitted with services before they were lifted by crane and fitted to the rest of the building. They were also cladded with the western red cedar boards so that the towers can match the rest of the building’s exterior. Figure 7 shows the four ventilation towers that have the same western red cedar cladding as the lower part of the building does. 


CONCLUSION 

In conclusion this building met its prime goal of being sustainable and reducing embodied carbon. Though some of the design and material choices may prove to be expensive in the long run these will pay off. If all projects, go down this road the construction industry and see a drastic reduction on its impact on the earth. Though it is impossible for construction to have no impact on the environment this was an excellent go at it by using natural materials that have benefits such as good insulation really helped in the long run. One of the best decisions made was to use timber, to go further glulam and CLT which are very versatile, resistant and sustainable materials.
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