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ABSTRACT
As an example of sustainability in design, building, and material selection, the GlaxoSmithKline (GSK) Carbon Neutral Laboratory for Sustainable Chemistry was created to remain carbon neutral for its entire 25-year lifespan. A 70% decrease in embodied carbon relative to typical structures was needed to meet such high sustainability standards. 
Even with major a setback, the building was able to achieve the set goal, upon obtaining their goal the GSK Carbon Neutral lab received four recognizable awards. They were able to do so by incorporating a superstructure made entirely of timber, to be more specific both glulam and CLT were used. The building continues to be sustainable because of the fitted solar panels and a green roof system. They use a boil fuelled eating system which is both environmentally friendly and sustainable. The design of the building enables it to be as aesthetically pleasing as it is sustainable. 
 Based on the location, soil type and geology of the area where the school is located, a foundation type was suggested. The soil sample showed mainly weak unstable layers of strata. This information produced a solution to use both strip and pad foundation methods as they are most common for timber-framed buildings. Even though the building is timber framed it is tall and the wood used is heavy, also one must take into account the utilizes found within the building adding weight. Therefore, to stabilize the soil further, Vibro aggregate pile piles are suggested. 

1. INTRODUCTION 
1.1 Background
The GSK Carbon Neutral Laboratory for Sustainable Chemistry, University of Nottingham was completed in February 2017. Its location is found at 6 Triumph Rd, Lenton, Nottingham NG7 2GT N. The university was designed by Fairhursts Design Group. Aecom, Engeniti was responsible for both structural and environmental engineering. Contracting was conducted by Morgan Sindall, while B&K Structures LTD provided timber for the structure. Blinderholz were a specialist in timber cladding. German Spruce, Austrian Spruce and American Red Cedar wood were selected to be used in the construction. 
BM Trada, (2019) states that four timber-clad ventilation towers stand along the ridge of the building's pitched roof, which is covered with solar panels on the south side and a green roof system on the north. On both sides of the main entry, a sheltered courtyard is created by the green roof, which continues as a continuous slope. The winter garden is accessible from the main door via a circulation area. The lab's social and circulation centre is this double-height, naturally lit room that runs the length of the south façade. Access to the first-floor labs is provided via a beautiful timber staircase that ascends to an open mezzanine balcony. On the first level, there are five teaching and research laboratories with enough room for roughly 100 research projects to be written up. 
BM Trada, (2019) continues to explain that the building is fitted with seating and tables below, and the exposed glulam and CLT structures of the mezzanine and south wall provide a cosy, nonclinical atmosphere. The spaces are intended to be used as a research hotel, with the sharing of amenities like a fume cupboard, unlike a traditional territorial chemistry lab. A steep, pitched roof with wide roof lights to bring natural light into the interior spaces of the labs and tall ceilings for natural ventilation became the building form as a result of the necessity for highly serviced lab spaces that could be properly aired. The solar array on the south side and the green roof system on the north, which aid in rainfall attenuation, were perfect for the rather short roof pitch. The windows are set into the façade and the roof has large overhangs to control the inside climate. Rainscreen of Western Red Cedar Board and Single Fired Terracotta Panels, both chosen for their Low Embodied Energy, are used to cover the walls. The building's cross-laminated CLT floors, structural walls, and roof deck were all made of braced glulam timber frame beams and columns. As a result, a hybrid design of this kind enables the structure to adapt to any future design changes. Prefabricated timber components were employed, which shortened building time and made project design less reliant on the elements. 



1.2 History and Geology of the location
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Figure 1. A map showing an Arial view of the area the university is found, taken from Digimap, (2022)
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Figure. 2 Map showing the historic roam data of the area the university is found taken from Digimap, 2 (2018)
	The map above provides us with the history of the area where the GSK Carbon Neutral Laboratory is found. It depicts that in 1960 there were several factories found in the area. 	
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Figure. 3 Map showing the historic roam data of the area the university is found, taken from Digimap, 2 (2018) 
In this image, the map shows that there was a Gas holder, a timber yard, a commercial vehicle & tractor depot and an Estimate works department found further to the north in the 1950s. With this information, it is evident that the area would have been categorised as a brownfield. This means that there were previous anthropogenic activities in this location. Structures such as factories, gas holders and timber yards would need services such as running water, and regular and foul drainage just to list a few examples. Therefore, the ground would have been disturbed by man via excavation to place these pipe systems. 
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Figure. 4 Map showing the geographical data of the area the university is found, taken from Digimap, 1 (2018) 

	As seen on the map above the topsoil is artificial and worked ground, proving there has been construction done within this area before. Under this manmade ground sand, gravel, silt and clay can be found based on the legend provided. These materials can also be called alluvial deposits, which usually occur when a river is nearby. In this case, a river called Leen can be found near the area where the university is located.	 A disadvantage of being near a riverbed is flooding if the river was in a spate. The area is also quite flat upon observation, this can result in slow drainage during heavy rainfall. 
[image: Map

Description automatically generated]
Figure. 5 Map showing River Leen near the university, taken from Digimap, (2022)
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Figure. 6 Image showing the Borehole data, taken from BGS, (1953)
	The data above shows the dept of each layer of soil in both metres and feet, this borehole data is an assumption of what soil type may be found beneath the school. The borehole took place in 1953 for the construction of a well, which is about 155 metres west of the school. The total debt of the borehole is 60.96 metres. The layers comprised mainly black shale, coal, sand and gravel. At 17.37 meters there is red sandstone then at 165 feet hard bind was found, and it was identified as mudstone laminated. According to Collins Dictionary, (2022), mudstone is defined as a shale-like dark grey clay rock with less pronounced lamination. The soil type mainly shows low load-bearing characteristics, due to the vast majority of it being shale. Comunale, (2022) confirms that shale is very brittle and breaks apart easily, especially between its layers.
2. Foundation Requirements 
Most of the glulam frame is visible inside. On a typical 10.35 x 6.6 metre structural grid, a sequence of 500 × 500 mm glulam columns that can each weigh up to 1.5 tonnes run the height of the structure and support 960 mm deep glulam beams according to BM Trada, (2019). Upon viewing the drawings there are approximately 40 columns. With this information and the provided drawings, we can assume that the building weights approximately 4501 kN/m2, taking into consideration the aspects of the building such as beams, the double-glazed curtain wall, the CLT flooring, ventilated towers, the concrete floor slab, etc. Even though the building is only two storeys and is purely timber framed it is heavier than usual. 
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Figure. 7 Image showing the first-floor plan, taken from BM Trada, (2019)

The Constructor, (2019) explains that sandstone, limestone, and other laminated rocks have a load-bearing capability of 1620 (kN/m2). The load-bearing capability of residual deposits of hard shale and cracked broken bedrock is 880 (kN/m2). To help stabilize the soil Vibro-type aggregate piles will be used, stone columns are known as aggregate piles because they are made of compacted material rather than concrete. The procedure stated by Keller, (2018) used for this kind of pile foundation is as follows: 
· Using its weight, vibrations, and air jets at the tip, the vibrator penetrates to the design depth during the top-feed operation. The area made around the vibrator is subsequently filled with crushed stone at ground level. The stone fills the gap left when the vibrator is raised a few hundred millimetres and falls through the opening to the vibrator's tip. The stone underneath is then densified and moved by the vibrator as it is lowered. This vibratory replacement procedure is conducted repeatedly in lifts until a sturdy stone column is built to the ground.
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Figure. 8 Image showing the Vibro aggregate pile process, taken from Roxborough, (2022)

Keller, (2018) explains that the benefits of this include the provision of more affordable options than regular piling, it is a flexible technique for improving the ground that may be tailored to a variety of soil types and foundation specifications, up to 15m of depth can be reached allowing for the use of ordinary shallow foundations that can save money and it is environmentally friendly since it's possible to use recycled materials. 
Therefore, the proposed excavation works will include excavating a 500mm trench and placing a suitable amount of Vibro aggregate piles at depths of 15 metres within the 45,200 square feet where the school is located. This type of pile is known as friction piling, Geo Engineer, (2022) explains that through the frictional force that forms between the pile's surface and the earth around it, friction piles transfer weight from the structure to the soil. When a solid stratum is present at a significant depth and the building of end-bearing piles is no longer feasible, this form of pile foundation is chosen. 
2.1 Foundation Type
A foundation aids in the support of the structure of the building. There are diverse types of foundations used in construction such as strips, pads, rafts and piles. Hardwood Group, (2019) defines each foundation type as the following:
· A strip foundation is used when constructing an ornamental garden arch or gazebo, for instance, these are used to support single columns or posts. A square or rectangular hole is dug beneath each post, and concrete is poured into it to form a saddle stone after it is set. To sustain its weight, the post then rests on top of this. 
· The most typical type of foundation used for timber frame structures is the strip foundation. These are horizontal constructions, such as walls or rows of wood joists, which are supported by a continuous, level strip of concrete. 
· A raft foundation comprises a uniformly thick "raft" of reinforced concrete slabs resting on a hardcore base that has been compacted. 
· A lengthy, narrow element, typically made of steel but possibly of wood, is a component of piled foundations.
Before choosing a foundation type several aspects of the structure and the location it will be built on must be taken into account, including the weight of the planned structure, the proposed structure's function, the soil type found at the suggested site, the background of the potential site and the economic viability. 
As the soil is now more stable due to the aggregate piles a simple passive strip and pad foundation can be used, meaning that both pad and strip foundations will be used incorporating a passive foundation. A pad will be placed where the glulam columns fall while the walls would be along the strip. The floors themselves would be where the passive foundation is located. 
[image: Diagram

Description automatically generated with medium confidence]
Figure. 9 Image showing a pad and strip foundation detail, done by Frederick K, (2022)
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Figure. 10 Image showing the passive section of the floor, done by Frederick K, (2022)
Whether using rafts, strip foundations, or another sort of foundation, a suitable passive foundation design is possible according to First In Architecture, (2020). Kane, (2016) states that concrete is the manmade substance that is used the most globally, yet it is also one of the least eco-friendly. Only its production accounts for around 5% of the world's carbon dioxide (CO2) emissions. We can then assume that the University went with the most economically sustainable foundation type that utilizes less concrete. The passive foundation is a Passivhaus-certified system that is intended to thermally wrap the foundation in excellent performance expanded polystyrene (EPS) insulation, which provides one of the lowest U-Values currently on the market at 0.105W/m2K according to MBC, (2022). This type of foundation is commonly used in Gloucestershire, UK where its thermal properties are useful during the winter. The benefits of this type of foundation, for example, it uses 60% less concrete to reduce carbon footprint, it is a solid structural foundation for a wooden frame building, appropriate for any site situation, and more affordable to build than a traditional strip foundation. 
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Figure. 11 An example of a passive foundation taken from MBC, (2022)
3. CONCLUSION
3.1 Structural Strength and Stability
According to BM Trada, (2019), one of the initial decisions made by the architect was to choose CLT for the floor structure; it was the perfect material for the substantial structural bays on the first floor and it also satisfied the strict vibration requirements needed for the laboratories. The glulam structural frame supports the CLT floors, and CLT panels are also used for the roof deck, structural walls, and a few internal partitions. Kallesoe Machinery, (2022) states that CLT is formed by cross-laminating many layers perpendicular to each other. A CLT panel can cover the entirety of a wall segment, or numerous panels can be joined together to construct a single continuous wall. Meanwhile, Glulam LTD, (2022) identifies glulam as a sustainable alternative to concrete or steel. A cheap, sturdy, and visually appealing natural construction material is glulam. The construction material glulam is created by pressing and heating laminates of precisely planed wood together. 
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Figure 12. Image showing CLT,  taken from Kallesoe Machinery, (2022) 
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Figure. 13 Image showing the production of glulam taken from Glulam LTD, (2022)
       3.2 Fire Safety 
 Glulam Solutions, (2022) explains that a glulam superstructure can be more economical and safer (predictable burn) than an unprotected steel building. A glulam beam that has been completely consumed by fire develops a carbonised layer around the structural core that greatly slows down future burn-off by limiting the external supply of oxygen and heat. Since glulam burns off at a rate of 0.7mm/min, costly fire prevention coatings are typically not required. GreenSpec, (2022) continues to say that the inherent fire resistance of cross-laminated timber is one of its main benefits. Contrary to steel, CLT may be engineered to accommodate significant fire resistance and maintain structural stability when exposed to elevated temperatures. CLT panels can withstand fire for 30, 60, and 90 minutes. 
The building would have been completed in 2015 but the construction was set back as a result of a fire in September 2014 caused by an electrical fault. According to BBC News, (2014) news when firefighters arrived at the scene the fire was a significant size and could have been seen from quite a distance. There was smoke heading towards the campus area, therefore, a message to close all windows and doors was given. The firefighters were able to control the fire and keep it from spreading. This can be a result of the challenging work done to keep the fire under control and the ability of the glulam and CLT structure to hold up against the fire.

   3.3 Aesthetic 
	BRE, (2020) declared that design, dimension, texture, colour, unity, contrast, geometry, balance, and ornamentation, all contribute to a building's aesthetic value. Timber and other bio-based materials are valued for a variety of uses, including architecture, facades, and interior designs, due to their special qualities and innate beauty. This information can help us identify the aesthetic aspect of the chemistry lab. It is fully fitted with timber and is designed in a way where it leans more to one side. The building incorporated nature with its green roof and winter garden the moment you enter the building. This area is filled with light and doubled heightened and runs the length of the south façade, it is found in the recreation hub of the laboratory. A beautiful wooden staircase gives access to the mezzanine balcony allowing people to enter the first-floor laboratories. 
[image: Nottingham green labs rise from ashes | News | Chemistry World]
Figure. 14 Image showing the entrance of the GSK Carbon Neutral Laboratory for Sustainable Chemistry, University of Nottingham, taken from Walter, (2017)
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Figure. 15 Image showing a timber staircase taken from BM Trada, (2019)

    3.4 Environmental Impacts and Sustainability
The building was able to gain four awards in total which included the 2016 Structural Timber Award Client of the Year, the 2017 Building magazine Sustainability Project of the year, the 2018 RIBA Regional Award and the highest levels of sustainable building certification-BREEAM Outstanding and LEED Platinum awards. This is a clear indication of how sustainably and environmentally friendly the building was designed and constructed. The building is fitted with a 230.9kWp array of photovoltaics on the roof's south pitch, while a green roof system is on the north side. A green roof system according to Green Roofers, (2016), upgrades the drainage system’s efficiency, any structure must have sustainable drainage to prevent floods in the case of excessive rain. It lengthens the roof's lifetime, enhancing thermal efficiency, supports the environment, supports habitats for wildlife, and improves air quality. 
The timber-framed building reduces the carbon emissions needed to produce and use concrete. According to BMtrada, (2019), embodied carbon was reduced by 70% compared to normal structures to obtain such high sustainability ratings. The windows are built into the façade and the roof has substantial overhangs to manage the inside climate. Western red cedar boards and single-fired terracotta boards, both chosen for their low embodied energy, are used as a rainscreen on the walls. Instead of using steel, traditional timber-to-timber linkages were used to assist the building’s sustainability criteria. BMtrada, (2019), explains that oak plugs were used to cover the steel dowel fixings, which adds a nice finishing touch, protects the steel dowels from fire, and takes account of construction tolerances. A biofuel combined heat and power (CHP) system powers the structure and exports extra heat to nearby structures. The entire space has been lit with LEDs, using an average of 5.4 Watts/sq.m. It is predicted to save more than 60% of energy and produce 40 MWh over 25 years. 
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5. APPENDIX 
THE WEST COVENTRY ACADEMY CASE STUDY 
Keller, (2022) states that this project was the development of a 1500-seat school to replace the current building, which was more than 50-year-old. The new school has a two-story sports arena and a three-story teaching building. The problem was to provide the greenest practical foundation solution in support of the government's energy consumption and net zero aims while accommodating rather high line loadings of up to 550kN.m for the retaining walls across varied Glacial soils. The solution to this problem was the use of Vibro aggregate column allowed for the construction of shallow foundations, ground-bearing floor slabs, and swimming pools while achieving a bearing capacity of up to 150kN/m2. This scenario provides evidence that even with a larger building Vibro aggregate columns are efficient for stabilizing soils. 
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