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This report will be a case study for the SA1 Swansea innovation Matrix building. In this report I will be focusing on two main aspects involved in the development. I will be firstly focusing on the foundation requirements and in particular the chosen foundation considering the buildings location.
For the later part of the assignment I will be reporting on the super structure and in particular the material choices involved in constructing the building.

The Innovation matrix is currently in the construction phase, the work is being carried out by the construction company Kier. The building will compromise of 5,450m2 (Swansea.gov.uk, 2022). The University and the Swansea Bay City Deal have collaborated to fund the £1.3 billion investment plan. It will give the university a platform for its research and knowledge sharing, as well as help investors, entrepreneurs, and cross-sector businesses to promote regional commercial growth. (KIER, 2023)

The building will be located in Swansea SA1. The below image taken from what 3 words shows the current location (What3Words, 2023). The building will be constructed on what I consider to be poor ground, it will be two story steel framed building. Construction has started on plot C1, this was previously a car park for the university, however prior to this it was a dock and housed warehouses. I will cover more on the history of the site below.  
Figure 1 - (what3words /// The simplest way to talk about location)

[bookmark: _Toc155340538]Site Detail

The location is near water; three water sources can be reached in a quick two minutes' walk from the dry lock. These are the Prince of Wales Dock, the River Tawe, and the Kings Dock (which empties into the Queens Dock). A tidal basin can also be found behind the IQ building. The site may have a high water table and sandy soil because it is close to Swansea Beach front (as per bore hole logs). Good ground could be at an severe depth due to the location, this would cause issues for forming the foundation. 

[bookmark: _Toc155340539]Historical Appraisal

Previously the site was a dock that subsequently held warehouses. The king's dock was constructed in 1909, eleven years prior to the construction of the queen's dock in 1920. Before this, a river passed through the location of the site (Appendix 1). In Swansea at the beginning of the 20th century, the tinplate, copper, and steel industries were thriving, with all of these works being done locally. There was also a tram line that run directly through the site, this was in operation from 1804 to 1959 (Appendix 2), this train line would carry lime (I.Rees, 2021). Due to the rich history of Swansea industrial past, there would be a likely possibility that some areas of the ground would be contaminated. Below is an image of site in the early 1920’s that emphasises the heavy works. Alongside the works during, World War II, Swansea, and especially the SA1 area, was heavily bombed during the “Swansea blitz”. There's a chance that this will reveal unexploded explosive ordnance (UXO) (Swansea.gov, No date). There would have been a requirement for many soil reports/investigations due to the site’s history.
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[bookmark: _Toc155340541]What is a Foundation 

A building's foundation is the area of the structure that supports it. The term "foundation bed" refers to the level ground that supports it. One of the fundamental components of a structure is its foundation. It is described as the portion of the structure that disperses the weight and load of the structure built upon it. Foundations are provided to distribute the structure's weight over a sizable area of soil, avoiding any settlement, preventing the lateral movement of the super structure and to increase the buildings structure stability. (Mahdi, no date)

[bookmark: _Toc155340542]Foundation factors
There are certain factors that must be considered when choosing which foundation to use. Some examples provided by civil today (Mahdi, no date) that I find most relevant to consider when deciding the foundation type for the innovation matrix are:

· Weight of the super structure
· Soil condition
· Type of construction materials to be used
· Water table level
· Location of the building

[bookmark: _Toc155340543]Foundation types

Foundations are decided from the soil profile. The design/specialist team will decide on the foundation type based on the soil profile, load and size of the structure. Foundations are basically split into two categories based on depth (deep and shallow foundations). The image below shows the type of foundation typically used. This would be dependent on the soil type and the strata in the ground.  

[image: A diagram of foundation system
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Figure 3 - Generic foundation types (Mahdi, no date)
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[image: Diagram of a structure with text

Description automatically generated]It was decided that the best foundation type  for the Innovation Matrix would be a piled foundation with a pad cap and beam. I received the foundation details from Kier, by speaking to their project manager. These are in the appendix section (Appendix 3-6). (Personal communication , 2023).  I believe that this was the best foundation type given the sites details and historical background. As per table in the “GA report” (document attached in bibliography and sent to R.Thomas) and the local areas bore logs below (appendix) (BGS, 2023)you can see that ‘good’ ground is at great depths that require piling. Figure 4 - standard pile (Designing Buildings, 2022)

It is not possible to use shallow foundations like a PAD, raft, or strip because good ground is too deep. Using a shallow foundation would bring risk of possible subsidence and causing the build/building to fail. Below I have listed some of the key reasons to the selection of the Piled foundations in the SA1 area.




[bookmark: _Toc155340545]Bore Hole Logs/ Trial Pits

For the innovation matrix, cable percussion boreholes were proposed, but due to the recent build of the Forwm and IQ building, boreholes were deemed insufficient. The closes bore hole logs to the site is in the appendix and show the build up of the strata (results not clear). Trial pits were however carried out as per below image to identify made ground. 

[image: A blueprint of a building
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Figure 5 - Trial pits (Jubb, 2020)
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With the poor soil conditions in the SA1 area. Pile foundations are utilised because of the challenging soil characteristics. In addition to providing stability, piles shift the structure's weight to a more stable, deeper layer of rock or soil. Piles can be driven deep into the ground until they reach more stable soil layers, providing a solid base for the structure. (Ground Developments, 2023). Consideration of when to carry out the piling would be important, due to the university and exam periods, I would ensure the piling is carried outside of term time due to the noise associated with the works. 

Previous site investigations show the expected ground conditions as per table below.
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Figure 6 - Ground conditions (Jubb, 2020)
[image: A screenshot of a graph
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Figure 7 - soil testing (Jubb, 2020)

[bookmark: _Toc155340547]Load Bearing Capacity

Piled foundations are capable of supporting the heavy loads of the steel super structure. Piles can support heavy loads and distribute them evenly, ensuring the stability and safety of the building. The foundation is designed to withstand vertical and horizontal loads, this is ideal for buildings like the innovation matrix. Another benefit of the pile foundation would be that it would assist with wind loads, particularly with the wind originating from the Bristol Channel.

[bookmark: _Toc155340548]Settlement Control 

By distributing the load over a larger area and lowering the potential amount of settlement, piled foundations can aid in the control of settlement. This is especially crucial in the SA1 area where the soil is very unstable.

[bookmark: _Toc155340549]Environmental factors

The location is near Swansea Beach front, this suggests that the site might have a high-water table. Piled foundations are again good to areas that may suffer from flooding. When properly designed, the foundation can withstand floods and provides stability to the structure. Piled foundations can be an environmentally friendly option as they minimise disturbance to the surrounding landscape. (NHBC, 2010)
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The above evidence states why a piled foundation is correct. With the possibility of on site contamination within the made ground (items such as hydrocarbons, heavy metals, railway sidings) and with similar items off site causing poor ground. With the buildings weight and size it is clearly the safest and most viable option this achieves the necessary capacity for the anticipated column loads. The piled foundation in my opinion is the only possible foundation that can support the proposed building the piles would likely extend into the underlying dense Marine Deposits encountered. Given the thickness of the made ground and underlying loose material (with no information on the compactness of the existing material), a suspended floor slab would also be required for further support. As per the IQ building which also required an excavation, that was backfilled with made ground to the BS specification.
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[bookmark: _Toc155340552]Material Choice

The innovation matrix is  going to be a  steel superstructure. Steel superstructures are commonly used in construction due to their numerous benefits, including high strength, stability, fire safety, aesthetics, and environmental sustainability.


[bookmark: _Toc155340553]Design

Steel superstructures offer great design flexibility, allowing for complex and unique architectural designs. The material's high strength-to-weight ratio enables longer spans and the creation of open, column-free spaces. The ability to pre-fabricate steel components simplifies the construction process and reduces on-site labor requirements. 

Achieving an EPC rating of A amd a BREEAM rating which will be excellent. With areas of the building operating in a net zero carbon environment, Sustainability is key to the design of the IQ building. (UWTSD, 2023)

[bookmark: _Toc155340554]Structural Strength

When thinking about a new construction, strength and durability are important considerations. Issues can shorten the building's lifespan, requiring maintenance and adding unnecessary expenses. Compared to timber or concrete, steel is known for its exceptional mechanical properties, providing excellent structural strength. It can withstand high loads, making it suitable for large-scale structures like innovation matrix, or bridges, and stadiums. The inherent stiffness and rigidity of steel add to its structural integrity, ensuring long-term stability.



[bookmark: _Toc155340555]Stability

Steel structures exhibit excellent stability due to their resistance to deformation, settling, and shrinkage. They are inherently stable against natural forces such as wind, earthquakes, and hurricanes. Additionally, steel's ductility allows it to absorb energy during seismic events, providing resilience and minimizing damage.

[bookmark: _Toc155340556]Fire Safety

Steel is inherently fire-resistant, with excellent fire resistance ratings. It has a high melting point, making it difficult for fires to weaken the superstructure quickly. Additionally, steel does not contribute fuel to fires and does not release any toxic gases when exposed to flames, enhancing overall fire safety.

[bookmark: _Toc155340557]Aesthetics

Steel superstructures offer a sleek and modern aesthetic appeal. The material's strength permits the use of slender frames and large window openings, enabling architects to create visually striking designs. The steel frames will also shape the mould of the building, ensuring it has its open rooms, quiet areas and printing facilities (multi purpose building) as its designed to do so. Steel can be easily combined with other materials like glass and concrete to achieve a desired architectural style. With its large open spaces and proposed glass area.  As you can see in the below proposed image of the IQ building. 

[image: A group of people outside a building
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Figure 8 - proposed image of the IQ building (uwtsd, 2023)
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Steel is one of the most sustainable construction materials available. It is 100% recyclable, reducing the demand for new raw materials and lowering energy consumption. Recycling steel also reduces carbon emissions, as the production of recycled steel requires significantly less energy compared to primary steel production. Additionally, steel's durability ensures a longer life cycle for structures, decreasing the need for replacements.

High levels of insulation and mechanical ventilation are advantageous to the building. Using heat recovery throughout the winter to minimise the energy loadings. Offices will employ natural ventilation in the summer to keep the building cool and comfortable for building occupants. Hot water will be provided by radiant panels. High-efficiency LED lighting and daylight dimming are beneficial for all rooms. The glazing is intended to maximise daylighting while reducing solar gains during the summer. The roof will be covered with solar panels to generate electricity for the building. (UWTSD, 2023)


[bookmark: _Toc155340559]Steel v Concrete

In terms of cost, steel is cheaper than concrete. It can be installed quicker, because it is usually prefabricated, construction can proceed faster. Greater spans can be achieved because steel is better than concrete in terms of weight bearing or load bearing. While the steel work provides a better, more open working environment, we must make sure the centre is always supported when using concrete. Steel's open space makes it easier to install services. Concrete structures are more wasteful than steel ones. Concrete is more fire resistant than steel and can be moulded into most shapes. Steel has a lower carbon footprint than concrete, making it better for the environment. Selecting a structure often boils down to its durability and location. For instance, in an earthquake-prone area, you would use a steel frame because it can move, whereas a concrete structure is more likely to crack. In warmer climates, concrete buildings are more common since it is a more durable material than steel. (designingbuildings, 2022)

[image: Table
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Figure 9 - steel v concrete table (Anon., n.d.)

[bookmark: _Toc155340560]

Steel Conclusion

Considering the design specification and the aesthetic the Innovation matrix requires. Steel is the best and most viable option for the super structure. Steel constructions are much lighter than concrete equivalents. They need fewer extensive foundations, lowering the environmental effect of the construction. With the poor ground conditions and the area suspect to wind and weather attacking the SA1 area, it provides real stability. 

In conclusion, the decision to use a steel-framed building on a piled foundation is attributed to several key factors. Firstly, the steel material offers exceptional strength and durability, providing structural stability to support the weight of the building. This is particularly important for tall or large buildings, which can exert significant loads on the foundation. Additionally, steel is highly resistant to natural elements such as fire, earthquakes, and extreme weather conditions. With a steel frame, the building can withstand these potential hazards and ensure the safety of its occupants.

Moreover, the flexibility of steel allows for efficient construction, as it can be prefabricated off-site and easily assembled on-site. This speeds up the construction process, reducing time and costs.

Piled foundation with a Steel Structure 

Lastly, the use of a piled pad foundation enhances the load-bearing capacity of the building. By distributing the weight of the structure more evenly across a greater surface area, the piles effectively support the vertical loads, ensuring the stability and longevity of the building.

By combining the strength and durability of steel with the stability and load-bearing capacity of a piled foundation, the construction of a steel-framed building on this foundation type reinforces the project's aims for safety, efficiency, and structural integrity. Ultimately, this construction approach guarantees a reliable and long-lasting structure capable of withstanding various challenges and environment conditions.
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Appendix 1  

River running through the site, also includes the previous copper works 
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Welsh Tithe Maps - Browse (library.wales)



Appendix 2

Railroad running through site
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Appendix 3 – Piling layout
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(Personal communication , 2023)
Appendix 4 – Pilecap details
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(Personal communication , 2023)

Appendix 5 – Pilecaps and lift pit
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(Personal communication , 2023)

Appendix 6 – Pilecaps and lift pit
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(Personal communication , 2023)


Appendix 7 – Closest Borehole Logs
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NOTES:


1. DO NOT SCALE


2. ALL DIMENSIONS IN MILIMETRES UNLESS NOTED           


OTHERWISE.


3. THIS DRAWING TO BE READ IN CONJUNCTION WITH ALL 


RELEVANT JUBB, ARCHITECT'S M&E ENGINEERS AND 


SPECIALIST SUB-CONTRACTORS DESIGN, DETAILS AND 


SPECIFICATIONS.


4. THIS DRAWING IS TO BE READ IN CONJUNCTION WITH THE 


GROUND INVESTIGATION LETTER REPORT BY  "JUBB" REF:-


18316-GCA-1 DATED DEC. 2020. AND 'TERRA FRIMA' REF:-


MW/17192/L1. DATED 14TH APRIL 2022


5. THIS DRAWING IS TO BE READ IN CONJUNCTION WITH  NBS 


SPECIFICATION.


6. THIS DRAWING IS TO BE READ IN CONJUNCTION WITH ALL 


SERVICES INFORMATION AVAILABLE PRIOR TO WORKS 


COMMENCING.


7. ANY LIVE SERVICES THAT ARE TO BE RETAINED ARE TO BE 


DIVERTED OR PROTECTED DURING THE WORKS IN 


ACCORDANCE WITH THE APPARATUS OWNERS.


8. FINAL PILE NUMBERS AND SIZE TO BE CONFIRMED UPON 


RECIEPT OF THE PILING DESIGN.


9. THE PILING CONTRACTOR ID THE ASCERTAIN WETHER ANY 


VIBRATION MONITORING EQUIPMENT IS TO BE USED DURING 


THE WORKS.


10. THE CONTRACTOR IS TO ADHERE TO ALL CURRENT 


HEALTH AND SAFETY REGULATIONS AT ALL TIME.


SCALE 1 : 100


PILING LAYOUT


PILING SCHEDULE


Pile No. Eastings (m) Northings (m)
Cut off
Level


P1 266685.285 192764.969 5675


P2 266693.685 192763.378 5675


P3 266702.724 192763.518 5675


P4 266702.641 192762.471 5675


P5 266711.202 192762.925 5675


P6 266684.777 192762.334 5675


P7 266684.695 192761.288 5675


P8 266685.642 192761.740 5675


P9 266693.007 192761.460 5675


P10 266694.054 192761.377 5675


P11 266693.459 192760.512 5675


P12 266710.951 192759.744 5675


P13 266684.275 192758.838 5675


P14 266685.322 192758.756 5675


P15 266684.040 192755.847 5675


P16 266685.086 192755.765 5675


P17 266692.535 192755.478 5675


P18 266693.582 192755.396 5675


P19 266692.987 192754.531 5675


P20 266701.507 192754.771 5675


P21 266702.554 192754.689 5675


P22 266701.959 192753.823 5675


P23 266710.521 192754.286 5675


P24 266710.438 192753.239 5675


P25 266695.677 192751.521 5675


P26 266683.332 192746.875 5675


P27 266684.379 192746.793 5675


P28 266691.828 192746.506 5675


P29 266692.875 192746.424 5675


P30 266692.280 192745.559 5675


P31 266700.800 192745.799 5675


P32 266701.847 192745.716 5675


P33 266701.252 192744.851 5675


P34 266709.813 192745.314 5675


P35 266709.731 192744.267 5675


P36 266682.625 192737.903 5675


P37 266683.672 192737.820 5675


P38 266691.120 192737.534 5675


P39 266692.167 192737.452 5675


P40 266691.572 192736.586 5675


P41 266700.093 192736.827 5675


P42 266701.139 192736.744 5675


P43 266700.545 192735.879 5675


P44 266709.106 192736.342 5675


P45 266709.023 192735.295 5675


P46 266682.677 192731.880 5675


P47 266691.149 192731.212 5675


P48 266700.121 192730.505 5675


P49 266708.593 192729.837 5675


P50 266681.917 192728.931 5050


P51 266682.964 192728.848 5050


P52 266690.413 192728.562 5675


P53 266691.460 192728.479 5675


P54 266690.865 192727.614 5675


P55 266699.385 192727.855 5675


P56 266700.432 192727.772 5675


P57 266699.837 192726.907 5675


P58 266706.405 192727.527 5675


P59 266706.322 192726.480 5675


P60 266703.488 192724.847 5000


P61 266681.210 192719.959 5675


P62 266682.257 192719.876 5675


P63 266689.706 192719.590 5675


P64 266690.752 192719.507 5675


P65 266690.158 192718.642 5675


P66 266698.678 192718.882 5675


P67 266699.725 192718.800 5675


P68 266699.130 192717.935 5675


P69 266703.551 192718.197 5175


P70 266704.499 192718.649 5175


P71 266704.417 192717.602 5175


P72 266705.918 192721.351 5675


P73 266704.558 192713.600 5675


P74 266680.503 192710.987 5675


P75 266681.549 192710.904 5675


P76 266688.998 192710.618 5675


P77 266690.045 192710.535 5675


P78 266689.450 192709.670 5675


P79 266697.970 192709.910 5675


P80 266699.017 192709.828 5675


P81 266698.422 192708.962 5675


P82 266703.542 192709.170 5175


P83 266704.490 192709.622 5175


P84 266704.407 192708.575 5175


P85 266691.969 192704.497 5675


P86 266704.549 192703.985 5675


P87 266679.795 192702.014 5675


P88 266680.842 192701.932 5675


P89 266688.291 192701.646 5675


P90 266689.338 192701.563 5675


P91 266688.743 192700.698 5675


P92 266697.263 192700.938 5675


P93 266698.310 192700.856 5675


P94 266697.715 192699.990 5675


P95 266704.282 192700.610 5675


P96 266704.200 192699.564 5675


P97 266706.040 192697.462 5675


P98 266705.958 192696.416 5675


P99 266679.847 192695.991 5675


P100 266696.792 192694.957 5675


P101 266697.838 192694.874 5675


P102 266697.243 192694.009 5675


P103 266705.156 192693.996 5675


P104 266706.104 192694.448 5675


P105 266706.021 192693.401 5675


P106 266679.596 192692.811 5675


P107 266688.074 192692.218 5675


P108 266688.157 192693.265 5675


P109 266697.113 192692.358 5675


P110 266705.513 192690.767 5675


FOR PILE LOADINGS REFER
TO PILE LOADING SCHEDULE
REF:- IM-JUBB-01-XX-SH-S-11000
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TYPICAL PERIMETER FOUNDATION SECTION 1
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Appendix A: Site Location Plan


Sources: Esri, Airbus DS, USGS, NGA, NASA, CGIAR, N Robinson, NCEAS, NLS, OS, NMA, Geodatastyrelsen, Rijkswaterstaat, GSA, Geoland, FEMA,
Intermap and the GIS user community


University of
Wales Trinity
Saint David


Source: Esri, Maxar, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community
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