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Task information

The university of Nottingham has a laboratory on their site called GSK carbon neutral laboratory for sustainable chemistry, which was built as an exemplar of sustainability design. 

I have been tasked to analyse and discuss certain aspects of the build such as the foundation requirements with consideration to the location of the building. 
With the information that has been provided, assumptions will be made for rough estimations for excavation works taken out and such things as ground conditions etc.

Secondly, I will be discussing and analysing the choice of materials for this medium-high rise building, taking in consideration of the design of the structure, the strength of the structure, how stable the structure is, is it aesthetically pleasing, fire safety precautions that are in place, sustainability of the building in question and what sort of impact it has on the environment.




Substructure – (BuildStore, n.d.) The substructure of a building is the hidden part of the building which is built off form the foundations to the ground floor level and it also provides support for the structure. Typically, you can either have shallow or deep foundations depending on what the structure is intended for. The foundations are made up of concrete and aggregates and added on top of existing soil, blockwork is then laid up as far as the damp proof course (DPC). 

[bookmark: _Int_OjsIr2QB]Superstructure – (LetsBuild, 2019) where people spend most of their time is typically known as the superstructure. There are different classes of loads which all have their own special purposes i.e., wind load, live load etc. Different levels of floors can be added to this superstructure (first floor and upwards) and includes windows, doors, beams, finishes, columns, floors, the roof, and anything else.




























PART 1 

Basic information on the structure
(blogs.ed.ac.uk, n.d.) One of the main purposes for this building was to produce more energy than it uses, as well as to be energy efficient and to offset carbon emissions within 25 years of this structure being constructed which will have a positive impact on the environment. The wood used was chosen from sustainable forests and used due to their durability, aesthetics, and workability as well as strength.

The previous construction of this building on the same site burnt down so constructing this building out of spruce wood again was going to be an extremely cautious task. After the fire occurred the design of the building changed. A main feat that worked in the construction of this building was how all stakeholders and contractors worked together and the massive financial support that GSK had given this building.

Start of construction
Before the construction of any building, bore holes would have been dug to determine what sort of land the proposed building would be built upon. Appropriate contractors would drilldown a certain length and then samples of underlying rock types and soil types would be gathered, there are useful sites such as ‘Digimaps’ that would have information on this.
[bookmark: _Int_TbijgnRs](Digimap) The following information that is about to share with you is from ‘digmaps.com’, a request was made to this site for information regarding rock and soil types that the proposed site would be built upon but information on Nottingham's grounds were sent as a whole area rather than the area specified. Information showed that Nottingham as a whole area is sitting on a bed of sandstone which is pinkish red or buff-grey, medium to coarse grained, pebbly, cross-bedded, friable; subordinate lenticular beds or reddish-brown mudstone.
From this information assumptions will be made as to what sort of foundations would have been used given the information researched.

Foundations
There are a few types of foundations used in the construction industry which shall be briefly talked about and then an assumption will be made as to which foundation type was used and why they were used.

Strip foundations – the cheapest form of foundations used by designers and contractors. The process involved in making these foundations involve removing a strip of land to set depth of width then pouring concrete into it then tampering it to set level. This foundation is usually used on firm, good bearing land and to a depth of no more than 2m which will make it economical.

Raft foundations – used where the load bearing capacity of a ground is poor. Process taken to sort foundations ae excavating soil, stabilising remaining soil using hardcore, pouring concrete into raft, then begin construction of walls and so on.

Piled foundations – the more expensive foundation type compared to the other 2. These foundations are used on ground which is poor at baring loads that are heavy and are used for large builds. Many factors are taken into consideration when considering this type of foundation such as size, weight, the history, soil type and cost of proposed structure. 

So given the information I have researched and after looking into each foundation type, 
The assumption that I am going to make is that piled foundations were used.
My reasoning for this assumption is based on a few factors which I will discuss now.
· The underlying ground as we now know consists of loose sandstone which is pebbly, and it is also medium to coarse grain.
· Even though the Carbon Neutral Laboratory has not got a lot of floor levels, I believe that the foundation will have to withhold a heavy load regarding a high number of people being in the building at any given time and the heavy weight of equipment that is going to be in the building would add to making that load heavier.
· Pile foundation is considered economical which falls in line with whole ethos of sustainability. 
· Nottingham is known to have lied on riverbeds so using this sort of foundation is ideal if high groundwater table existed there 

I would just like to say that this structure could have been made from timber piles but due to the ground conditions and previous past of the land, it would not have lasted that long which is a shame as it would have been compatible with the other materials used in this building and would have lived up to the sustainability of the building.

Advantages of pile foundations (The Architecture Designs, 2019)
· You can pre-order the pile according to specification to save time
· Piles can be pre-made so less chance of wastage 
· Completion time is reduced through precast
· Size and length of area to be installed into is not a problem
· The work of pile foundations is very neat and tidy
· 

Disadvantages of pile foundations 
· Stones and boulders can cause damage to piles making the process longer
· Piles are never above ground level
· Knowing lengths in advanced is exceedingly difficult
· Vibrations caused through the piling process can affect buildings very nearby
· Heavy machinery is required for the piling process which could disrupt the environment
· Low drainage is not containable for piles

[bookmark: _Int_jDvA52mI][bookmark: _Int_Hf3L8nZX]Excavation – how it's done and why it's done
(Cormidi, 2021) Excavation is the role that requires qualified persons to remove rocks and soil from the ground to prepare it for foundations. The removal can of rocks and soil can be done by qualified people who hold tickets to big machinery or can be done by shovel and wheelbarrow by qualified ground workers. 
Bigger projects will require machinery, but smaller projects can be carried out via handheld small tools.
The deepness of excavation work carried out depends on what sort of structure is going to be sat on top of it.
Deeper excavations are used for bigger structures to ensure better solidity and stability for the build.
These are marked out usually with string or by spray paint into a grid like system, centrelines are place and then trades people will work off them removing topsoil and rocks beneath.
[bookmark: _Int_H01iLUc6]For the GSK building I believe that the excavation process didn’t take that long at all due to the planning ahead and heavy machinery used to remove soil and rocks and to dig piles.
It can be cost effective if trades people are briefed properly on what is required from them, they can hen carry on with the task ahead and have most of the excavations completed within a few days ready for foundations to be inserted and a top concrete slab.

Estimation of excavation work carried out
Excavation calculations are worked out by height x width x length.
We know the area of the building is 4500m2
The area is calculated by length x width
The height of the excavation works I am going to estimate, and I will break down my workings out.
I am going to assume that the pile depth was 20m deep
I am going to assume that the diameter of each pile was 1m
I am going to assume that there were 20 piles dug
So, if I multiply the diameter by the depth of each pile then I am guessing that 20m2 of soil and rock was excavated from each pile, then I will multiply that by 20 piles which equals to 400m2 excavated.
So, I am going to guess that given the area and the estimation I worked out from the piling process, guestimate would be that in total 850m3 had been excavated from the site,
[bookmark: _Int_HdoUKqju]This is not accurate by any means but it's my own estimation.

(blogs.ed.ac.uk, n.d.) given the aim of this project to be a pioneer in the use of green energy, it was only right that they minimised carbon footprint when it came to the construction of this building. Foundations, which in general construction of buildings is high, were minimised drastically.

(Anderson and Moncaster, 2020) Global greenhouse gas emissions have a contribution of 7% from cement so reducing emissions from this so to stop adding to and to limit global warming was going to be a task for developers and constructors. 

[bookmark: _Int_qTlfoobY]Below is a typical diagram of how cement is made for the majority of non-sustainable and non-green buildings:

[image: ](www.google.com, n.d.)

[bookmark: _Int_sqrkgPV7](www.premierguarantee.com, n.d.) I don’t have access to any information regarding what actual aggregates were used for the foundations of this building but in a document published by the university of Edinburgh, I can see that the style in which the applied the foundations was a technique called ‘vibro pile’

Vibro pile technique is used on ground which is unstable and made up of clay and weak soils. It is also used as a more economical method and to save costs rather than go to extensive ground works to make weaker ground safer. In the case of the laboratory, it was used as an economical approach. 
 
(www.nottingham.ac.uk, n.d.) It occupies 4,500 square metres over two floors and is built entirely from natural materials. The energy required to run the facility is met by renewable sources such as solar power and sustainable biomass. Excess energy created by the building provides enough carbon credits over 25 years to pay back the carbon used in its construction. 


















PART 2

Loads
There are two factors taken into consideration in construction and they are safety and economy.
If the priority of loads is increased, then it affects the economy.

With consideration to economy – the safety will be compromised if loads are lessened.

[bookmark: _Int_lrQlce4E]Below is a list of a few loads I believe this structure would've had:
Dead load - loads that sit vertically on top of concrete slabs. They are permanently placed. These consist of weight off columns, beams, roofs, and walls.

Live load - these loads are movable and are partition walls and furniture which is placed inside of buildings. The weight of these loads can vary depending on each object that is in the building.

Wind load – considered in the design of the building, this is a horizontal load and relates to air from the earth.

Glue laminated timber
Thomas, R. (n.d.)  Often referred to as glulam, is a process where solid timber is bonded together. Grains of this timber is aligned in a parallel and longitudinal direction. Prefabricated glulam is always available, and the properties of this method make it highly adaptable in design and exceptionally reliable. Glulam can be made as a curved product using thinner laminations which are then bent on formers with bonding, then clamped and cured. 

The types of Glulam used on this project are BS EN 390, BS EN 1194, and BS EN 386 and SC1, SC2 and SC3.

(teams.microsoft.com, n.d.) Glulam plays a vital part in structural timber and throughout the building of the Carbon Neutral Laboratory you can see examples of this.
Glulam has a long-lasting life as there are still buildings in the uk which are still standing strong after 185 years of being built.

The popularity of glulam-built buildings is continuing to grow with construction companies who are looking to build taller and bigger buildings with this product.
Documents as the BSI PD 6693-1:2012 have been published to complement BS EN 1995-1-1 regarding medium sized builds.

Constructing with timber is more sustainable than using reinforced concrete and/or steel, especially if the timber is from a sustainable forest which lowers the carbon footprint and to produce glulam uses a legally regulated chain.

Wood is transported by water or rail to sawmill which is a more economically friendly way to transport it then wood waste is used as energy for power production.

[bookmark: _Int_FlqcExCq]The durability of the glulam used on this build would mean that designers would have picked a high-end product regarding glue, timber, application type and process. This is essential as you don’t want high maintenance on this product especially when this building is constructed from this product.







Cross laminated timber
(teams.microsoft.com, n.d.) Wood panels consisting of 3, 5 or 7 layers of timber have an orientation at right angles to one another and are glued to form structural panels. This makes this product very rigid, have properties that are strong and gives it dimensional stability. The production of CLT is done in manufacturing warehouses on machinery, this product is cut to made and can include having door and window openings so can be made to the designer's specification and dimensions.

CLT can be quickly and efficiently lifted into place and pinned down just as fast which saves a lot of time.
[bookmark: _Int_pz5LnUUt][bookmark: _Int_n2Qsruvg]CLT is somewhat fire resistant due to the size of each panel but that doesn’t mean it cannot catch fire.
This can be a ‘green’ material as its can be harvested from sustainable forests.

It is highly cost effective regarding other materials, can save time and costs onsite, and can improve safety with the amount of tools used and the easy use of this material.

Fire safety
Fire resistance in spruce and glulam products has been an ongoing problem. The primary building of the carbon neutral laboratory was going well until a fire broke out due to an electrical fault and destroyed the whole building before it was completed. New procedures have been put into place when dealing with these products meaning that they are extra coated to make sure fire will not affect it again and the maintenance of these wood products will be done yearly. 

Types of wood used 
Given that this structures whole concept was to be carbon neutral, and it wanted to excel in sustainability, the choice of materials used were timber for the structural framework to the flooring. Aswell as being workable, having long durability and being aesthetically pleasing on the eye, the types of wood used played a massive part in the construction of this structure.

The main types of wood used were:
German and Austrian spruce – (www.lignoma.com, n.d.) commonly referred to as the ‘bread and butter’ tree of Europe. Grows fast. Low density, medium weight wood and soft, does not absorb much water, great against fungal attacks. Makes it great for construction projects as its elastic and light.

American red cedar – (Duffield Timber, n.d.) aesthetically pleasing, remarkable durability, high stability, fantastic workability, weather resistant, inset, decay and moist resistant.

Sustainability
(www.nottingham.ac.uk, n.d.) The choice of materials used for this structure makes it undeniably sustainable, in line with the whole ethos of the build and what the designers and contractors were aiming for.
The wood chosen throughout the structure was chosen from sustainable forests in Europe.

The structure has a ventilation system that rises and drops in temperature to keep the heat at a steady temperature.

The outside of the structure holds solar panels to distribute energy within and it also runs off sustainable biomass.

This unique structure has won the BREAAM outstanding award and LEED platinum certifications which are the highest accolades to receive for green building certifications.

(www.youtube.com, n.d.) There is a time lapse video on youtube which shows you how the building was constructed.
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