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Summary
Analysis will be undertaken of the foundation requirements of the GSK Carbon Neutral Laboratory for Sustainable Chemistry, University of Nottingham (GSK Lab).  It will take into consideration location, excavation work required and ground conditions.  In addition, analysis of materials for the building will also be undertaken and will consider design, structural strength, stability, fire safety, aesthetics, environmental impact and sustainability.
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1.)	Introduction

According to the BMTRADA case study, the highest level of sustainable building certification - BREEAM ‘Outstanding’ and LEED ‘Platinum’ has been awarded to the GSK Lab, which was designed by Fairhurst Design Group and building work overseen by Morgan Sindall.  The structure was completed in February 2017 and now supports sustainable chemistry development in addition to acting as a regional hub for chemistry education (Susan Dawson, BMTRADA, 2019, page 1)  

This document will analyse the structure from foundation requirements, to excavation  works required and will conclude with an analysis of the building material in relation to various elements. 

2.)	Analysis of Foundation Requirements

This section will analyse the foundation required for the GSK Lab.  A brief outline of common foundation types and what influences the type chosen will be followed by details of the specific foundation chosen, together with reasoning.

2.1) 	Types of Foundation and What Influences Foundation Choice

There are various types of foundations that can be used for building structures. Each foundation is very unique in the way in which it supports the loadbearing weight of its structure and allows the structure to withstand the natural environment.  The common types of foundations include: strip, raft, pad and pile:

Strip foundation “is the most common foundation type for low rise / domestic buildings.” (Kovac, 2020, p.213). This foundation is generally constructed from a vertical concrete strip which is located underneath the load bearing walls. The concrete strip is placed  between the base of structure and solid ground to a given depth, which prevents the foundation and structure from moving. Consideration needs to be given to load bearing requirements and the load bearing capacity of the subsoil. 

Raft foundations “spreads the loads of the structure over the entire footprint of the building instead of concentrating it in a strip under the load bearing walls.” (Kovac, 2020, p.220). These foundations are used when the soil is not strong enough to support the weight of the proposed structure. They are particularly useful for lightly loaded structures on soils with low load bearing capacity. In addition, they are often in areas where subsistence may be an issue.  

Pad foundation is “ constructed of reinforced concrete, generally square in plan with the column being attached to the foundation centrally.” (Kovac, 2020, p.222).  This type of foundation is used to distribute the load of a structure evenly over a large area, typically at or near ground level.  They are generally used for industrial units or other commercial buildings. Due to the structural integrity of a pad foundation they are generally designed by a structural engineer. 

Pile foundation “ transfers its dead and live loads through its columns into concentrated point loads in isolated areas of the ground.” (Kovac, 2020, p.222). There are many types of pile foundation, some of which are: end-bearing, friction, driven, bored and screw.  This foundation type is generally used where the subsoil has a low load bearing capacity or may be subject to moisture movement and is required to support a super structure. It is also suitable for areas with a higher water table or highly compressed subsoil. 

2.2) 	Foundation Choice  

The choice of foundation is determined by many factors, such as the surface area of the structure, type of sub soil / ground, water table data and the type of structure being built.  The GSK Lab is “4,500 square metres over two floors” (University of Nottingham, 2022), it also houses laboratory spaces, making this a super structure.  As can be seen from Figure 1, the GSK Lab is situated in central Nottingham, adjacent to the River Leen.  The current river height is 0.56m, with the highest level recorded as 1.58m in June 2007 (Environment Agency, 2023).   Figure 2, provides information on boreholes in the vicinity. Whilst there is no borehole on the site itself, as mentioned previously, it is very close to the River Leen. The braced glulam timber frame structure consists of “beams and columns with cross-laminated (CLT) forming the floors, structural walls and roof deck.” (Susan Dawson, 2019, page 4). From this data, together with analysis of foundation types, it is considered that a pile foundation would be most suitable for the GSK Lab. Figure 3, shows a CAD drawn images of the cross-sectional view of a pile foundation. This type of foundation should be tested in order to ensure that it meets the design criteria.

There are various classifications of pile foundation including driven and bored.  Driven pile is whereby piles are driven into the ground without removing any of the soil and bored pile is whereby a hole is dug or bored, the pile is then placed in the hole.  Due to the site location, adjacent to the River Leen, with a high water table in an urban area with other buildings close by and because of the size of the structure it is suggested that a bored pile foundation would be recommended for this structure. (Constro Facilitator, 2020).
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3.)	Analysis of Excavation Works Required

In order to determine the type of excavation works required you need to consider various factors such as the planned size of the structure, the general ground conditions, any nearby vegetation or trees, the soil type and any animal habitats that may be affected. 

There are various types of excavation such as topsoil excavation, earth excavation, rock excavation, muck excavation, unclassified excavation, cut and fill excavation trench excavation, pile excavation. 

Topsoil excavation “involves the removal of the exposed layer of the earth’s surface, including any vegetation or decaying matter which could make the soil compressible.” (Designing Building, 2022). The main purpose of a topsoil excavation is to clear any obstruction where the structure is due to be built in order so that it can withstand the structural load of the building. Topsoil excavation would have been a requirement for this super structure.

Earth excavation “involves the removal of the layer of soil directly beneath the topsoil.” (Designing Buildings, 2022). This type of excavation is very useful for projects which require embankments and foundations as the soil removed via an earth excavation can be used for these.  This type of excavation would not have been necessary for this super structure.

Rock excavation “is the removal of materials that cannot be excavated without using special excavation methods such as drilling.” (Designing Buildings, 2022). This type of excavation is commonly used in areas with solid ground which needs the use of machinery or even explosives depending on how solid the ground conditions are.  Based on ground conditions in the local area, this type of excavation would not be required.

Muck excavation is the “ removal of excessively wet material and soil that is unsuitable for stockpiling.” (Designing Buildings, 2022). Muck excavation must be undertaken carefully and in a safe manner due to the negative impact it may cause. Even though the site is adjacent to the River Leen, the water levels are generally less than 1m high, therefore it should not be a requirement for muck excavation. However, due to the close proximity of the river, any form of excavation would need to be sensitive to the surroundings and the contractors would need to ensure that no material enters the river which could cause harm to wildlife and animals. 

Unclassified excavation “ is the removal of combination of the above materials, such as where it is difficult to distinguish between the materials encountered.” (Designing Building, 2022). 

Cut and fill excavation “ is the process of excavation whereby the material is cut or stripped is then re-used somewhere else on site.” (Designing Building, 2022). This type of excavation can be helpful in various ways such as the soil removed can be used to construct an embankment and can be used to form a level surface for the structure to be built on, this reduces the environmental impact of excavation as it reuses the waste material.

Trench excavations “ is an excavation in which the length greatly exceeds the depth.” (Designing Buildings, 2022). Generally, this type of excavation is used to form strip foundations which will house pipes and services such as water pipes and electricity cables. This type of excavation would be used for most structures as they all require services to be operational. It is presumed that there would be some forms of trench excavation for services as part of the super structure build.

Bored pile excavation is where soil is removed to create a hole which is then filled with reinforced concrete to create a bored pile foundation. This type of excavation would have occurred during the construction of the structure due to a bored pile foundation before used due to the close proximity of other buildings, proximity of the river Leen and the water table. 

4.) 	Analysis of Material Choice Used in the Structure

Various types of materials have been used to construct the GSK Lab. Each material has played its own unique contribution in creating a design masterpiece, which will not only be carbon neutral within 25 years, but is also sustainable, aesthetically pleasing, practical and has a warm and welcoming ambience. 

The design centres around the need for the building to be sustainable in terms of design, construction and materials used.  It is believed that the structure will empower people within it to focus on the creation of sustainable and low environmental impact chemistry developments.  




4.1) 	Design and Aesthetics 

As Susan Dawson, BMTRADA (2019, page 1) suggests, at first glance, you see the prominent “four timber-clad ventilation towers”,  which were assembled at ground level.  These towers in turn lead down to the rooflights and solar panel covered roof to the south side and green roof system to the north. The structure is aesthetically pleasing in terms of its shape, from its curvature to its deep roof overhang. This is also supported by the natural exterior materials used such as western cedar boards and terracotta panels together with the placement of windows to allow the transit from outdoors to indoors.  

Internally, sections of the cross-laminated timber (CLT) have been left exposed which brings the outdoors indoors and creates a natural ambience.   Due to the size of the rooflights, natural light will flood the building and reduce the requirement for prolonged use of additional lighting in some areas. The main entrance leads into a double height space which runs the whole length of the south façade, which is “the social and circulation hub of the laboratory.” (Susan Dawson, BMTRADA, 2019, p. 1).  The vastness of this space would giving the feeling of openness and should allow for creativity.  The underfloor heating increases the ambient feel of the structure.

The structure is both innovative in its design and its environmental and sustainability credentials are sector leading. 

4.2) 	Structural Strength and Stability 

The structural strength and stability comes from the “braced glulam timber frame of beams and columns with cross-laminated timber (CLT) forming the floors, structural walls and roof deck.”  (Susan Dawson, BMTRADA, 2019, p. 4).  Glulam is formed by bonding together layers of solid timber boards, which is both durable and moisture resistant. Glulam provides strength when used for longer spans with heavy load bearing and the CLT floors were tested to ensure that they were able to withstand the vibration from the first floor laboratories. (Designing Buildings, 2022).  As the panels are prefabricated it also allows for ease of construction and allows for the panels to be formed in a factory minimising waste material on-site, which is in contrast to traditional constructing methods on-site. In addition, “all service penetrations through the CLT were pre-planned and factory cut.” (Susan Dawson, BMTRADA, 2019, p. 6), further reducing the waste material on-site.

In addition, the bored piled foundation would also provide adequate support for the super structure as mentioned in section 2.2.

4.3) 	Environmental Impact and Sustainability

The main focus of the build was sustainability and reduced environmental impact.  The choice of design and materials used have allowed for a “70% reduction in embodied carbon compared to conventional buildings.” (Susan Dawson, BMTRADA, 2019, p. 1).  The move towards the creation of carbon neutral buildings is a must in order to protect our environment.  The location of the structure was also environmentally important and therefore it is situated on a site which has good access to public transport.

The pitched roof with rooflights, has various purposes, to the south are the photovoltaic (PV) panels.  The PV panels cover approximately 45% of the roof, which provides approximately 201MWh of power annually. The placement of the panels are in line with achieving the best possible power absorption and therefore aids the structure’s carbon neutral goal and in addition makes the building sustainable. (University of Nottingham, 2022).  To the north of the roof is a green roof system, which houses drought-resistant crops and provides water attenuation which harvests and recycles rainfall for the purpose of watering the crops. A flat roof would not give the same output in terms of PV panel power and could also prove disadvantageous in terms of run off and possible damp issues.  The roof is completed with the four timber-clad ventilation towers, which provide natural ventilation to the laboratories from the direct incoming air.  The air is also gathered in heat exchangers to provide heat recovery, further increasing the structure’s carbon neutral credentials. (Susan Dawson, BMTRADA, 2019, p. 7).  
In addition to the PV panels, there is a biofuel combined heat and power (CHP) system, which not only supports this structure, but also exports heat to other structures on the site.  The structure uses “just 15% of the heat needed for a more traditional building design.” (Susan Dawson, BMTRADA, 2019, p. 7).  This combined with the structure’s renewable resources places it at the fore in terms of reduced environmental impact and sustainability.

The braced glulam structure allows for flexibility in terms of any future building redesign.  In addition, “all timber used for construction was either PEFC or FSC-certified” ((UK Green Building Council (UKGBC), 2022)), which allows for the building to be carbon neutral within 25 years.

The amount of steel was reduced in order to meet the structure’s sustainability requirements. This was made possible by the many timber to timber connections.  Where steel was used, this has been capped with timber to allow for tolerances and to improve the structure’s aesthetic. (Susan Dawson, BMTRADA, 2019, p. 6).

4.4) 	Fire Safety 

By using the timber clad ventilation towers they offer a high protection against any potential fire risks  “one of the main advantages of cross laminated timber is its inherent fire resistance.” (Greenspec, 2022).  Due to structure being a laboratory it is vital that fire retardant materials were used in the construction of the building to enable a safe working / learning environment. 

5.) 	Conclusion

As building design evolves a greater emphasis is required on environmental impact and sustainability. Structures need to be flexible and adaptable in order to meet the different user needs during the structure’s life span. This project demonstrates that design and materials used can produce an aesthetically pleasing structure as well as having carbon neutral credentials … this is no longer just a possibility, it is the reality. 
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