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1. [bookmark: _Toc198851347]Introduction 

[bookmark: _Toc198851348]Project introduction – Nathan Purnell - 2315457
In recent years, an apparent increase in the frequency and severity of floods in the UK has led to growing concerns about societal exposure and vulnerability to flooding, particularly in the context of climate change, floodplain development and changing insurance practices. ​(Brown, 2002)​ 
​Substations that are in areas with a high risk of flooding are critical infrastructures that are vulnerable to water ingress resulting from a flood. This can potentially lead to equipment failures, costly repairs, and operational downtime. This is not an ideal situation for a substation as it can result in millions of people being left without electricity and power. Companies in this situation are constantly seeking new ways to ensure they can protect their integrity and still operate even under these difficult circumstances. With the current nationwide issue of flash flooding occurring, substations are now under even more pressure to remain operational in adverse weather conditions. For example, a substation can be fined millions of pounds for leaving an area without power for just a few hours, hence why this is of high importance to our customer. 
​A key strategy for mitigating this issue involves installing purpose-built flood defence doors that can resist hydrostatic pressure, corrosion, and mechanical impact. This report aims to outline the concept and manufacturing approach for developing a door such as this, focusing on material selection, manufacturing processes, structural design, and installation considerations. 
​Due to the concern of the customer, a topographical report was carried out by an independent party. This showed that the potential risk of flooding was high, and floods more than 300mm could be possible in future for this area. As a result, it was decided that the door in question would need to be floodproof up to 400mm. Results from the Topographical report states as such:  
​The substation is at moderate to high risk of surface and fluvial flooding, with potential water depths reaching up to 400mm in extreme scenarios. Mitigation strategies, including perimeter barriers and sealed infrastructure (e.g., flood-resistant doors), are strongly recommended to protect vital systems. 

[bookmark: _Toc198851349]Design Life Cycle Introduction – Sam - 2316051
Aquashield Technologies follows a structured design life cycle, guiding products from customers inception to realisation and production. This includes concept development, detailed design, prototyping, testing, and manufacturing, with each phase carefully planned to minimise delays and risks. Ongoing collaboration with customers and internal departments ensures requirements and feedback are integrated, enhancing quality, innovation, and market responsiveness. The results are high-performance, customer-tailored solutions. 

[bookmark: _Toc198851350]Original Idea – Sam - 2316051 
Aquashield Technologies was established in response to the increasing frequency of flood events associated with climate change. The company specializes in the design and manufacture of bespoke flood protection solutions for businesses requiring large-scale asset protection. Aquashield Technologies develops a range of products, including stop logs, flood gates, flood-proof cabinets, and flood doors. Flood doors represent the company’s primary product offering and marketing focus, with efforts directed toward clients possessing substantial assets that require robust protection from floodwater, such as substations, libraries, and electrical goods retailers. 

[bookmark: _Toc198851351]Description of scope of work – Andrew 2405685
There are different types of work that are required to complete the project successfully which can be broken down into stages: Planning, design and final stages.   
The first stage - the planning stage. This was the project inception and was made up of multiple factors. The first of which was the creation of the logbook to track the progress of the project and highlight any issues. Other tracking methods were made such as creating a team’s chat to share information and progress. A Gantt chart was also created to track time taken on parts of the project. This stage also allowed for roles to be assigned to each member to make the project completion more efficient.  A review of existing flood designs and background research was also made to help progress the project quickly. 

The second stage is where most of the research takes place, and the initial ideas of the project are shaped into solutions to give the customer an estimate of the completed flood door and the many considerations that come with it. These are the design parameters to include metrics of the product to work with. Manufacturing solutions and possible design solutions are also researched to ensure the product is possible to be manufactured.  The design drawings were created to show the customer the product and see if there were any changes that need to be made before the final stages. Different irrigation types and material research is conducted to ensure the best materials and components are used within the door. Different manufacturing methods and hydraulic research are conducted at this stage. IP ratings and standards are also researched to ensure the product meets the required specifications such as IP and industrial standards.  More planning methods are researched such as a critical path for product creation and deployment and further materials are considered. A presentation was also conducted on this stage to show the current stages of the project prior to moving to the final stages. 

The third section of the project progresses with the final stages. These stages are the completion of the planning methods and final designs ready to show the customer. This also includes the manufacturing methods and product deployment to ensure a timeframe is made between the starting conversation of the customer to the completed fitment of the flood door.  

The final section of the project was the reporting and presentation stage of the product. This section outlines the final report made, which is this document and the final presentation to show the findings of the completed project. 








[bookmark: _Toc198851352]Project Aims – Andrew - 2405685

The aim of this project is to create a solution for a substation requiring a flood door. 
This door must be able to:
· Be opened and shut easily by workers in the substation. 
· Must be strong enough to withstand flood water and the debris it contains 
· Must be watertight to ensure protected areas stay dry to avoid danger and power outages. 
· Must be designed to allow for it to be opened and closed by one person. 
· The door must be large enough to bring loading vehicles in and out of the substation. 
· The door must be able to be manufactured and fitted. 
· The door must be tested prior to deployment using simulation. 
· The door must have an access hatch installed for use if required. 
· The door must meet Uk standards to ensure it is suitable for its given task. 
· The door must be able to be opened and closed on both sides. 
· The door must have an emergency exit if required. 
[bookmark: _Toc198851353]Customer Approach – Sam - 2316051
When approached by the customer, a range of design solutions were evaluated to address their requirements. Based on the customer’s brief, it was determined that the Aquashield Technologies product needed to protect the substation from a flood height of 600 mm, corresponding to a 1-in-100-year flood event. The survey indicated that a clear opening of 3200 mm by 2200 mm was required to allow for the movement of personnel and heavy machinery. The solution also needed to be operational under frequent use, which ruled out the use of a fixed aluminium stop log. 

[bookmark: _Toc198851354]Project material requirements – Craig - 1808882
The primary objective of my role within this project is to aid material selection for the design and manufacture of a flood-resistant door to be installed within an electrical substation within the UK. The door must withstand hydrostatic and hydrodynamic forces that will be exerted by floodwater, maintaining a watertight seal. The key requirements include:

· Structural Integrity: The door must be able to resist deformation as a result of floodwater.
· Watertight Sealing: The door must prevent water ingress for at least 72 hours.
· Durability: The materials must resist corrosion, impact, and environmental degradation (found close to the coast).
· Ease of Operation: The door should remain functional after exposure to flood conditions and be easily repaired (new seals etc.).
· Compliance: The design must meet British and European standards for flood resistance.
[bookmark: _Toc198851355]Calculations – Craig - 1808882
Some calculations are required to ensure our design can withstand the expected forces. As such our group must calculate both hydrostatic and hydrodynamic pressures.
[image: A screenshot of a paper

AI-generated content may be incorrect.]
Water and pressure calculations – See Appendix 1 
My calculations revealed two parameters for the door. Firstly, the door must withstand 17.7 kPa of hydrostatic pressure from standing water. Secondly, it needs to resist a further 2 kPa of hydrodynamic pressure caused by water flow during flood conditions. These specifications need to be taken into consideration when selecting and validating our material choices. As such, a material like S275 grade steel's yield strength (275 MPa) offers a large safety margin compared to the expected water pressures, limiting the risk of deformation. A Neoprene/EPDM sealing system would give good performance under continuous compressive force of 0.2 bar, maintaining a watertight seal during prolonged water exposure. These calculated requirements and material capabilities combine to create a flood barrier design that exceeds calculated operational conditions whilst maintaining added safety factors.
[bookmark: _Toc198851356]2. Timing, Planning and Management 
[bookmark: _Toc198851357]Meetings and Teams – Andrew -2405685
[image: A screenshot of a computer

AI-generated content may be incorrect.]Project meetings were held by all members of the group when available due to workplace constraints. Every week between 15:00 – 16:00. This started on the 24th of January and has been held every week until the 30th of May 2025 when the project was complete.  These meetings were held in person with different members attending when possible. Meetings were used to update the progress of the project using a logbook to discuss any issues and conclude progress and a Gantt chart to check the time spent on each part of the project.  A WhatsApp group and teams chat was also used to relay information quickly and effectively. This also allowed the team to communicate documents quickly and provide clear notices to the group. Teams Chat - See appendix 2


[bookmark: _Toc198851358]Gantt chart – Andrew - 2405685
The Gantt chart was created to keep track of all parts of the project. The Gantt chart shows all parts of the project and their completion time. Seeing the completed Gantt chart, all parts of the project were completed as planned except one part. This was due to a member leaving the project and in doing so the hydraulics research stopped. The design was then changed to make up for this issue, allowing the project to be completed on time.  Only one part was completed early, which was the initial designs. This [image: A screenshot of a computer

AI-generated content may be incorrect.]is good because all parts of the project were completed on time.  This also shows all members of the project worked well to complete the project in good time. (Projectsly, 2022)Gantt Chart- See Appendix 3





0‑1 Gantt chart illustration
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AI-generated content may be incorrect.]Logbook – Andrew - 2405685Log Book – See Appendix 4

The logbook was created to keep track of the project meetings and the overall progress of the project. It was separated into four parts. .  The first was the date to track what has been done, this is followed by what has been progressed in that week, this is then followed by what has been completed. This is used to update the Gantt chart with each person’s progress. The final section is any issues that the group needs to address. This is the most important collum because it makes issues clear that need to be resolved. This is essential to ensure the project is on time due to issues not being left unresolved.  One issue the team did have was a member who was unable to complete the project due to personal circumstances. This was labeled as a major issue and by being highlighted, this allowed the team to act quickly to resolve the issue quickly by changing the design with approval from the customer. (Toe, 2022)

[bookmark: _Toc198851360]Templates – Andrew - 2405685
Project templates are an essential part of managing and making projects more efficient. This is because it allows you to set a standard for the work to be completed. This allowed all information to be easily collected and translated into a single document ready for the final submission. This also saves time in creating the documents because it allows the layout to be the same for all work completed 
(Parkinson, 2024)
[image: A screenshot of a computer

AI-generated content may be incorrect.]Two templates were used to improve the collection of information for the project.  The first of which was a presentation template.  This template was made to allow all information to be inputted by all members of the group in the same formal way to allow the slides to flow easily between one another. The layout is set so that the person’s name and role is at the top with the company logo. This is then followed by the title of the slide to allow for clear viewing. This then includes the slides of information and bullet points if required. This is followed by an image to support the evidence provided.  The [image: A screenshot of a computer

AI-generated content may be incorrect.]following slide has been made available to track the references used so they can be easily compiled together at the end of the presentation. PowerPoint Template – See Appendix 5

The second template used was the report template. This was used to structure the final report and to guide others on how to present the information ready for it to be merged into the completed document. This will make the process much more efficient to allow the project to meet the required deadline.  (Knowledge Train , 2024)Report template – See Appendix 6


[bookmark: _Toc198851361]Critical path for customer production – Andrew - 2405685
[image: A screenshot of a computer

AI-generated content may be incorrect.]
A critical path was made to show the progression from the initial customer meeting to the completed and fitted product. This critical path can be followed to give clear instructions to allow for a clear production plan. This is also essential to help keep track of a customer’s order because of the rough times of each party involved. 
[image: A screenshot of a computer

AI-generated content may be incorrect.]Most parts of the critical path must be done in order ensure the next part can be completed but steps F and G can be completed at the same time, but most be completed prior to step H which is to create more in-depth planning methods.  
There is only a small amount or variation in time with steps F and G. Step G could be delayed by one week to allow for both parts to be completed at the same time. 
(Slate, 2024)






Project Porduction Critical Path – See Appendix 7




[bookmark: _Toc198851362]3. Literature survey 
[bookmark: _Toc198851363]Solution Proposals and Discussion – Sam - 2316051
An initial proposal involves a cost-effective flood gate solution at the required flood height. While this option provides adequate clearance for personnel and plant machinery, it does not fully meet the customer’s needs due to a significant gap between the top of the gate and the aperture. This gap poses a risk of water ingress during rainfall, potentially damaging equipment and causing flooding. 
After further evaluation, a flood door is identified as the most suitable solution. Although this option involves higher upfront costs, it is justified by the substantial potential losses associated with substation downtime, which can be as high as £1,000,000 per minute. 
To accommodate the required aperture, the flood door will be designed as a double door (consisting of passive and active leaves) with a central post to ensure a complete flood seal around the frame. The customer specifies the need for a 'dual access opening', enabling personnel and emergency services to access the building via the active leaf above the flood height during an event. 
Given the door’s size and weight, it is recognized that manual operation would be impractical. Therefore, it is recommended to provide an externally mounted assisted opening system, utilizing either hydraulic or pneumatic actuation, to ensure safe and efficient operation. 

[bookmark: _Toc198851364]Impact of flooding to substations – Aled - 2320122
Flooding contributes to a significant issue of risk and damage to electric substations within the UK. With the UK having a high number of coastal and isolated areas across the country, the number of substations within the UK that are prone to flooding is extremely high.
Due to the evolving flood risk ratings across the country, a large proportion of electric substations that were once deemed in low-risk flood zones have moved to medium and high-risk zones over time. More than 50% of the substations serving large urban areas in the UK are on medium to high-risk flood areas. This represents an increasingly dangerous and worrying issue for the national grid and its effectiveness in serving the entire country. (Dodds, 2019).
Whilst an extensive flood resilience program was started by the government in 2008 for substations, further innovation and design to improve flood proofing is welcomed. The national grid aimed to have all of the medium to high level risk substations flood proofed by 2021. This represents an acknowledgement of the scale of change that was and continues to be required to protect the substations that are integral to our entire country’s electrical grid. (Dodds, 2019). 
Avoiding flooding reaching integral parts of the substations remains a key point of interest for safety and operation of the substations. With the equipment in a substation being expensive to fix and replace, along with the time required to amend flood damage. Ensuring that the substation has as much flood defense in place in extremely important. 

As research has developed over the last several years, widely used flood irrigation techniques have been used and replaced throughout time. For important infrastructure like substations, temporary flood defense such as sandbags are deemed ineffective for use in high priority irrigation and prevention. Whilst sandbags and similar temporary flood defense is often used across commercial and domestic settings, these concepts require manual set up and have a low level of flood protection due to their temporary nature. Ensuring that permanent flood protection is chosen in important and protected areas and buildings is vitally important, therefore, the use of temporary flood defense should only be prioritized for low-risk scenarios.  
Flood defense doors have a major impact on substation flood safety, having clear benefits and suitability to substation protection. Flood doors are a passive method for flood prevention, with permanent placement on the substations being present for any sudden flood risk. This reduces the need for set up of flood prevention with manual labor required. 
Flood defense doors have a minimal impact on the structure of the substation, with doors being able to be added to an existing structure without added construction issues. This is a much smaller cost compared to raising existing structure or construction changes. 
Changes to substations such as raised platforms and pumped drainage systems, whilst important to defer flood water, do not have the same effectiveness in flood defense as a flood door. Pumped drainage systems require pump power to be operational, limiting its use to when power is available.

[bookmark: _Toc198851365]Cost of flood irrigation at substations – Aled - 2320122
The flooding of substations has a large economic impact to the UK, especially in cases where outages of substations from flooding requires immediate fixing. The cost of the disruption caused from the winter 2015-16 floods was upwards of £83 million across the energy sector. (DEFRA, 2017). 
This is, however, much smaller compared to the £3.2 billion spent after the 2007 flooding that cause mayhem to water and electric services. (Dodds, 2019). 

With climate change having an impact on volatile weather and flooding, the UK is spending a record amount of its flood defense funding on substations and other key electrical production facilities. With substations housing increasingly technical and innovative equipment, damage to the facilities results in high costs in labor and new equipment that the national grid aims to avoid. The cost of a substation in the UK varies depending on its capacity, ranging from hundreds of thousands of pounds to several million. Ensuring that expenditure is spent on flood defense and prevention can be an effective way of ensuring that high cost is avoiding following flooding. (Penning-Rowsell et al., 2014). 

Ensuring that flood prevention equipment and products are designed and manufactured in the UK is crucial to ensuring sustainable and effective solutions to flood irrigation. By having UK firms working to the desired BSI standards in flood protection equipment, this ensures that all of the substations provided with the expertise and protection is of the highest quality. The design, manufacturing, and testing being completed by the same firms within the production process provided accurate and effective solutions to flood protection by working in a process that supports the further development of similar products. 

A saving in cost could be considered in sustainability and recyclability of the flood doors made. Whilst rubber seals and ferrous elements of the door cannot be used again, the materials used can largely have a long lifespan and still contribute to other applications.

[bookmark: _Toc198851366]Standards and Safety – Aled - 2320122
As with similar doors designed and used in the field currently, ensuring that the door designed in our project adheres to BS 851188 is crucial to ensure quality and effectiveness in the doors desired use. The standard relates to the design, production, and testing of flood defense equipment. (BSI Group, 2021). 

Ensuring that the door meets the criteria for its desired use is vital to confirm confidence and effectiveness in the product. With the door being used in high priority applications, having a reliable and effective product that meets the British Standard is important. 

Whilst the ISO standard related to flood protection equipment had not been developed, several of the ISO standards can be adopted as guidance for the usage and implementation of how the flood door can affect other areas of quality. 

The ISO 22328-4 and 22300 refers to the emergency management and resilience guidelines for an organization or system. Ensuring that a community-based approach and set of guidelines can be adopted for early flood prevention techniques promotes a collective approach to the equipment and measures to put in place to avoid sudden flooding causing mass concern and issue. (British Standards Institution, 2020a.). 

ISO standards related to Environmental Management also define key issues and qualities required to be considered. Standards 14001 and 14090 consider flood risk in its guidance regarding climate change and management systems in place for waste and resource conservation. This is all relevant to flood prevention and control, and dealing with flood water is responsible and sustainable. (ISO, 2015). 

The flood door produced fits into the detail provided in ISO 23234, in regard to building security and resilience. In highly flooded areas and high-risk communities, ensuring that the door considers the long-term safety of a building is important. By using the flood door, a continuous and safe measure that can be used with little to no training or experience is an effective method for flood security. (British Standards Institution ,2020b). 

The main standards relating to the flood door consider the impact of adding the product to an existing or at-risk facility. The ISO 37123 standard could be considered as an effective guide to how doors could be implemented in new urban planning scenarios. With sustainable cities and communities being the focal point of this standard, considering how flood proofing measures can be added to improve the sustainability of an innovative and new urban area. 

The production and manufacturing of the flood door also follows ISO production and safety standards to ensure safe and effective methods of manufacturing. ISO 9001 would be followed in manufacturing, design, and fitting procedures to ensure a fuller functioning and proper quality management system. Following ISO 9001 requires manufacturing to be done at the correct tolerancing, with little to no error in quality of each manufactured flood door. (British Standards Institution, 2015). 

ISO 45001 ensures that the manufacturing procedure and fitting of the door is done within worker and user safety. By having correct safety procedures throughout the production phase ensures that the correct procedures can be followed effectively with no injury or mistake in safety and production procedures. (ISO, 2002). 
[bookmark: _Toc198851367]Substation electrical safety for site workers – Aled  - 2320122
During design and material and process development, the safety of site workers at electrical substations has to be considered. This includes both the fitters for the door, and the operators of the door when in situ. 

ISO 45001 and 9001 have been acknowledged previously, however, they both relate to the quality and general safety requirements when manufacturing and designing the flood door. 

IET and HSE provide further guidance available for safety specifically aimed at substations and electrical facilities. 
Whilst the Institute of Engineering & Technology (IET) has not published a standard specifically for substation design and installation, the guidance provided in several of its reports and safety notes supports safety knowledge for installation and usage. 
The HSE has a similar set of guidance published on substation operation and safety. 

Amongst other electrical grid organizations, national grid publishes direct literacy and standards in relation to their own substations and electrical grid usage. By following key published standards and information from grid companies ensures that the product meets the criteria of the likely companies and organizations that will order and desire the flood door designed. 
To market the flood door effectively, being able to tailor design and usage to the exact requirements of potential clients ensures that the large-scale orders for substations would be more likely and effective in their usage. 

Innovations to door design, such as the earthing points, adhere to ensuring maximum safety to those working on and using the door. Having the door be user friendly increases its safety with easy use, such as having an emergency exit function and connection rods for clamps out of reach.  
[bookmark: _Toc198851368]Case studies – Aled - 2320122
The requirement to upgrade and sustain critical flood protection measures has been apparent for many years. The issue of climate change has increased the damage and likelihood of floods happening across the country, especially in rural and coastal areas. 
The issues of flooding are not, however, limited to the current climate and have caused widespread damage and loss of electricity in several instances since the introduction of the electrical grid in 1926. 

The flood weather in 2007 winter is an example of the extreme weather conditions that can affect the safety and use of the grid’s substations. During the floods during this period, several major substations across the country were subject to heavy damage and loss of power. (Knight and Great Britain. Department For Communities and Local Government, 2008). 
The Walham Substation in Gloucestershire was one of the major substations subject to severe floods in the winter of 2007. The 400kV substation supplied power to over 500,000 homes, resulting in a race against time to military and other emergency services using high levels of temporary flood protection methods to avoid the substation from being destroyed. (Knight and Great Britain. Department For Communities and Local Government, 2008).
Neepsend Substation has similar flash floods in 2007, with the height of the water within the station reaching a level of approximately 1.2 to 1.5 meters. The site was evacuated and shut down to avoid serious consequences.  (Knight and Great Britain. Department For Communities And Local Government, 2008).
Several other high-profile substations were subject to similar outages, causing major disruption and danger across the UK. The high levels of voltages and currents present in and around substations makes it vitally important that flood prevention is prioritized for substations and their equipment. (Knight and Great Britain. Department For Communities And Local Government, 2008).

Lancaster Substation suffered flash flooding in the winter of 2015, resulting in 61,000 homes losing power. The substation was situated near the bank of a river passing, providing a poor location for protection against flash flooding. (Water Projects, 2016). 

The use of high quality, effective flood doors may have led to an enhanced level of protection from the flash floods and saved putting members of the site in danger and resulting in millions of pounds worth of damage. 

Following a major national grid over-haul of flood preventative actions after the floods in the winter of 2007, the substations as part of the grid were examined in their preparedness and effectiveness against flooding. Several measures were introduced into substation design and reconstruction. This included raising the foundations and equipment used in substations. Walls were to be reinforced to a higher standard, along with adding effective guards and doors around the substation to ensure that valuable equipment can remain dry and undamaged. 

Several case studies also represent the positive impact of the flood doors combined with other innovative flood prevention designs. Whilst flood doors provide a large-scale impact on preventing flood damage and power outages, using a combined approach with other flood prevention favored by grid operators. 

The Aberthaw Substation combined reinforcing the current building with new flood doors and reinforced walls with a 2.4m piled flood wall made of concrete to protect the substation from flooding. By partnering the flood doors with this wall, the flood door would likely preserve its lifespan as an effective flood prevention tool. 

Several of the substations under western power’s derestriction had also enhanced its flood protection equipment. By investing in effective flood doors, barriers, and raised platforms, flash flooding would have a much lower likelihood of causing major power outages and permanent damage. 

[bookmark: _Toc198851369]4. Experimental work
[bookmark: _Toc198851370]Material selection – Craig - 1808882
Selection of an appropriate sealing type is crucial to ensure long-term performance. Research into existing technology revealed three primary sealing methods, each with their own advantages and disadvantages.
Positive Pressure Sealing using EPDM - This mechanism uses the force of the water to compress the door’s seal, making it watertight as the external pressures increase (BERGTEC International, 2023). Unlike pre-compressed seals, positive pressure systems do not require constant mechanical force to maintain a seal, reducing wear over time. This design was chosen for the substation door due to its simplicity, reliability, and passive operation (Stormguard, 2025). Additionally, positive pressure sealing minimizes maintenance requirements, as there are no moving parts that degrade under prolonged exposure to water.
Gasket Sealing - Used in submarine and industrial pressure doors, gasket sealing employs pre-compressed rubber gaskets that maintain a tight seal even before water exposure (Globe Composite Solutions, 2022). This method requires precise manufacturing tolerances to ensure uniform compression, increasing production costs and problems when installing. Gaskets are renowned for losing elasticity over time due to compression, meaning routine replacement is required.
Inflatable Seals - These seals use compressed air or hydraulic pressure to expand a rubber bladder, creating an impermeable barrier when activated (Viking Extrusions, 2024). While inflatable seals provide excellent adaptability to irregular surfaces, they introduce mechanical complexity, requiring pumps, valves, and control systems that may fail during power outages, which is a significant risk during flooding. High maintenance demands further reduce suitability for our product brief.
Our Selection - Positive pressure sealing was deemed optimal for our project due to its fail-safe operation, low maintenance, and proven performance in flood environments. By contrast, gasket and inflatable seals introduce either longevity concerns or operational frailties, making them less practical for our design.

[bookmark: _Toc198851371]Standards: Ensuring Compliance and Performance – Craig 1808882
Although my primary role was material selection, I needed to be acutely aware of compliance, standards and manufacturing. As such, my role overlapped somewhat (briefly) with other departments. This meant we required constant dialog throughout all steps of our project. Although our product needs to be flood resistant, there are also other safety standards it needs to meet such as fire resistance. Some of the important standards I needed to consider whilst considering my material choices were as follows:
BS 8517:2010 – Flood-Resistant Construction
This British Standard specifies requirements for buildings and infrastructure exposed to flooding, including:
· Watertightness criteria (e.g., maximum allowable leakage rates).
· Structural load thresholds (accounting for hydrostatic and debris impact forces).
· Durability expectations (e.g., resistance to prolonged submersion).
Compliance ensures the door can withstand 72-hour flood exposure, a benchmark for critical infrastructure.
EN 1993-1-1 (Eurocode 3) (European Comission, 1993) – Design of Steel Structures
Eurocode 3 governs the use of steel in construction, mandating:
· Minimum yield strength (275 MPa for S275 steel).
· Deflection limits (preventing door jamming under load).
· Welding and fabrication standards (ensuring joint integrity).
This standard validated the door’s ability to resist 123,730 N of hydrostatic force without permanent deformation (European Comission, 1993).
ISO 12944  (International - AzkoNobel, 2019) – Corrosion Protection of Steel Structures
Given the door’s exposure to moisture and debris, ISO 12944 dictated:
· Surface preparation (blast cleaning to SA 2.5 standard).
· Coating system (C4 Sigma paint for "high" corrosion resistance, rated for 15+ years in aggressive environments).
BS EN 10025-2:2019 – Structural Steel (S275 Grade)
This standard certifies the mechanical properties of S275 steel (BSI, 2019), including:
· Tensile strength (410–560 MPa).
· Impact resistance (27 J at –20°C, crucial for UK winters).
To guarantee the door’s structural integrity and flood resilience, adherence to British and European standards was imperative. These standards provide rigorous guidelines for material properties, corrosion protection, and load-bearing capacity.
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During the initial design stage, selecting the most appropriate materials was critical when ensuring structural integrity, longevity, and cost-effectiveness. To achieve this, I utilized ANSYS Granta (Ansys, 2025), a material selection and simulation software (Fig 1 (Ansys, 2025)). This software played an important role when comparing different materials based on mechanical properties, environmental resistance/impact, and cost factors, ultimately guiding the project towards the most suitable selections. The software helped me to compare an extensive library of materials against my given criteria. 
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Fig 1. Graph showing Density against Young’s used for material selection (Ansys, 2025). See Appendix 8
Advantages of Using ANSYS Granta
Material selection in engineering is a complex process that requires balancing multiple competing factors. Trial and error techniques are time consuming and expensive, where ANSYS Granta (Ansys, 2025) streamlines decisions by providing the following:
· Material Databases – Access to thousands of material property records, including yield strength, corrosion resistance, and thermal properties.
· Comparative Analysis – Side by side comparisons of materials against specific requirements.
· Simulation – Modelling of behaviors under real life conditions (e.g., floodwater pressure, temperature changes).
· Cost – Integration of material costs and availability to ensure its economically sound.
By using these features, the team could efficiently narrow down options before prototyping and settling on our final design requirements, saving both time and resources.
How ANSYS Granta Was Used with Material Selection
Door Leaf Materials
The software was used to compare four candidate materials for the door leaf: S275 steel, stainless steel (316L), aluminum (5083), and glass-fibre reinforced polymer (GFRP). Each was assessed based on the following sub headlines:
Mechanical Properties:
· Yield Strength: The door must resist deformation under flood pressures (~17,658 Pa). S275 steel (275 MPa) and GFRP (300 MPa) outperformed aluminium (215 MPa) and stainless steel (220 MPa).
· Toughness: Impact resistance was critical for debris-laden flood conditions. S275’s Charpy V-notch results (27 J at –20°C) confirmed suitability for UK winters.
Corrosion Resistance
· Stainless steel (316L) and aluminium offered superior resistance but at 3–4x the cost of S275.
· GFRP resisted corrosion but posed challenges in welding and repair drawbacks for maintenance.
· S275, while requiring protective coatings (C4 Sigma paint), provided the best balance of strength and affordability.
Cost and Fabrication
· S275 (£600/tonne) was significantly cheaper than stainless steel (£2,500/tonne) and aluminium (£1,800/tonne).
· Its weldability and widespread availability simplify manufacturing and future repairs.
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Fig 2.	 Graph showing cost of material against stiffness (Ansys, 2025). – See Appendix 9 
Final Selection: S275 Steel
Despite needing corrosion protection, it was found that S275 grade carbon steel was the optimal choice due to its high strength-to-cost ratio, ease of fabrication, and compliance with BS EN 10025 standards.
Door Seal Materials
The sealing system required materials with excellent compression resistance, water resistance, and durability. ANSYS Granta (Ansys, 2025) compared three elastomer materials:
Neoprene/EPDM
· Compression: Minimal permanent deformation after repeated compression cycles, ensuring long-term sealing during intended application.
· Water Resistance: Resistant to water under prolonged timescales.
· Cost: Mid-range (£15/meter) giving good value versus performance.
Silicone
· Best temperature resistance but highest cost (£25/meter) and weaker strength.
· Overengineered for flood applications.
Nitrile Rubber
· Lowest cost (£12/meter) but poor compression resistance, risking seal failure over time.
Final Selection: Neoprene/EPDM
Selected for its balance of durability, water resistance, and cost, Neoprene/EPDM outperformed the other materials using Ansys.
Mechanical Testing of Raw products
Physical testing was used to confirm material performance. Some of the testing that can be/was used is detailed below. For smaller parts that are too small to tensile test, hardness testing can be carried out with a conversion table used to estimate the tensile strength.
Tensile Testing
Tensile testing (Fig 3. (Engineering Archives, 2008)) is a fundamental type of mechanical testing. A tensile test (or tension test) applies force to a material specimen in order to measure the material's response to tensile (or pulling) stress. This type of testing provides insight into the mechanical properties of a material (Instron, 2023). Verified S275’s yield strength (275 MPa) matched the software’s predictions. Ensuring the door would not deform under hydrostatic loads.
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Fig 3.	 Image of a typical tensile test arrangement and specimen (Engineering Archives, 2008) – See Appendix 10
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The Charpy impact test (Fig 4. (Nature.com, 2024)), is a method used to determine the toughness of a material, specifically its resistance to sudden impact (TWI, 2013). Charpy  tests are carried out at a range of temperatures in order to generate a ductile to brittle transition curve (TWI, 2013). Our tests were carried out using the guidelines set out under ISO 148, at -40°, 0° and room temperature to assess the performance, specifically under cold conditions. A materials property can change when exposed to cold temperatures, making them more brittle which can lead to premature and catastrophic failure. Confirmed ductility at subzero temperatures, aligning with ANSYS simulations.
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Fig 4.	Image showing Charpy test and ductile to brittle transition curve (Nature.com, 2024). – See Appendix 11 
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Salt spray testing was carried out (Fig 5. (Rapierstar, 2025)). This involved coupons of S275, SS304 and S275 welded to SS304.  During salt spray testing, an accelerated corrosive attack is produced in order to better predict how well the coating protects the metal (Rapierstar, 2025). Validating the C4 Sigma coating’s effectiveness, a critical factor given S275’s moderate corrosion resistance.
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Fig 5. Image showing salt spray testing (Rapierstar, 2025). – See Appendix 12 
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The transition from design to real-world requires a comprehensive testing scheme for the finished door. To simulate flood conditions, a dedicated 1.8-meter-high concrete bund was constructed (Fig 6 (BFM, 2024)), replicating hydrostatic pressure. This testing served two purposes: validating the door’s watertightness and confirming it can resist debris strewn floodwater.
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The first test subjected the door to 72 hours of static, clean water exposure, with the bund filled using high-capacity pumps. Key objectives included:
· Verifying the Positive Pressure Seal: The Neoprene/EPDM seal had to demonstrate no leakage as water pressure compressed it against the frame.
· Monitoring Structural Integrity: The S275 steel door and frame were visually inspected for any deflection, warping, or weld failures under sustained load (17,658 Pa).
Results:
· No Leakage: The seal maintained a dry barrier throughout the test, confirming that the positive pressure mechanism functioned as designed.
· No Structural Deformation: Dial gauge measurements showed <0.5mm deflection in the steel leaves, well within permissible limits (BS 8517:2010).
This phase proved the door’s ability to withstand hydrostatic pressure, but in reality, flood waters are never ‘clean’.
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To recreate realistic flood conditions, the bund was drained and refilled with water mixed with soil, sand, and gravel aggregates, replicating the abrasive particulates found in floods. A submerged agitator circulated the water continuously to:
· Simulate Dynamic Flow Conditions: Unlike static flooding, moving water increases wear on seals and hinges.
· Test Abrasion Resistance: Particulates can erode sealing surfaces or jam mechanical components.
Results:
· Seal Performance: The Neoprene/EPDM seal showed no observable leakage, even with abrasive particles embedding into its surface. Intriguingly, the debris enhanced sealing temporarily by filling micro-gaps between the door and frame.
· Abrasion Observations: Post-test inspection revealed superficial scuffing on the seal’s contact surfaces. While inconsequential for short-term use, prolonged exposure (beyond 72 hours) could accelerate wear, necessitating periodic seal inspections in service.
· Hardware Durability: Stainless steel hinges and brass washers showed no corrosion or binding, validating their compatibility with S275 steel under wet conditions.
[image: A water in a room

AI-generated content may be incorrect.]
Fig 6.	 Image detailing typical test scenario for flood door watertightness (BFM, 2024) – See Appendix 13
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Seal Material Optimization:
· Neoprene/EPDM’s elastic recovery prevented permanent deformation, even after particulate compression.
· For installations in sediment-heavy environments, a harder Shore-rated (Shore D hardness test) EPDM variant could further reduce abrasion/damage.
Structural Confidence:
The S275 steel’s zero-deformation performance confirmed ANSYS Granta’s yield strength predictions and the efficacy of the C4 Sigma coating against prolonged water exposure.
Real World:
· The test highlighted that debris in floods pose a dual role: while initially aiding sealing, particulates could degrade seals over years. This insight mandates preventive maintenance schedules for long-term reliability.
Beyond Compliance: The Science of Simulated Floods
The testing methodology exceeded basic standards by:
· Agitating Water: Unlike static tests (e.g., BS 8517), dynamic conditions revealed how viscosity changes from suspended solids affect sealing dynamics.
· Material Synergy Analysis: The interplay between steel, seals, and stainless hardware was scrutinized for galvanic corrosion risks - none were detected, confirming the protection is suitable for production.
Future Improvements:
· Extended-Duration Testing: A 30-day simulation could quantify long-term particulate wear rates.
· Chemical Contaminant Exposure: Floodwaters often contain oils or industrial pollutants; testing with hydrocarbon mixtures would assess seal swelling risks.
[bookmark: _Toc198851381]Material testing conclusion – Craig - 1808882
This section successfully designed, tested, and validated the material selection required design and manufacture a flood-resistant door for an electrical substation, meeting the requirements for structural integrity, watertight sealing, and long-term durability. Through material selection, simulation software, and testing, the final product, built from S275 steel and sealed with Neoprene/EPDM gaskets, with various SS 304 and brass components, was capable of withstanding 72 hours of hydrostatic pressure (17.7 kPa) and abrasive debris without failing. The door’s positive pressure sealing mechanism showed exceptional reliability, using the mechanics of floodwater itself to enhance the seal’s effectiveness, a key point that reduces mechanical complexity and maintenance requirements.
Why Our Materials were Chosen: S275 steel was selected for its optimal strength-to-cost ratio, providing 275 MPa yield strength at £600/ton, which is far more economical than stainless steel or aluminium while meeting standards. Its ease of welding and repair makes it ideal for infrastructure subject to impacts, such as forklift traffic. Additionally, with C4 Sigma coating, it achieves a 15+ year lifespan even in aggressive environments. Neoprene/EPDM seals were chosen for their superior compression recovery, withstanding repeated flooding cycles without permanent deformation, and their debris resistance, as minor abrasion did not compromise sealing performance in flood water.
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[bookmark: _Toc198851384]Original General Arrangement Drawing Submission – Sam - 2316051
From the information gathered, the design team at Aquashield technologies proposed the first design to the client as pictured in figure 1. The immediate requests of the customer were dealt with, prioritising their flood height and the existing aperture to where the door will be fitted. 
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Figure 1: GA First Submission – See Appendix 14 
Figure 1 presents the original general arrangement drawing produced by the Aquashield Technologies design team in response to the customer’s requirements. The design features a double flood door system with a dual access mechanism and a flood protection height of 600 mm, as determined by the topographic survey. The assembly incorporates two hydraulic arms to assist with opening and closing the doors, addressing the significant size and weight of each leaf. Hydraulic systems are recognised for their ability to deliver high force and smooth, reliable operation in heavy-duty applications such as large doors (Power & Motion, 2024). However, hydraulic actuation also introduces challenges, including higher initial cost, the need for regular maintenance, and the risk of fluid leaks, which can impact long-term reliability (RS Components, 2024; YorkPMH, 2025). 
Each leaf is supported by robust hinges welded to both the leaf and the corresponding side of the frame. The active leaf is supported by the frame, while the passive leaf is further reinforced by clamps when closed. 
To maximise operational flexibility, each door leaf is equipped with a stay mechanism that allows 90-degree opening, enabling unimpeded movement of personnel and machinery. The frame is welded for structural integrity and includes a removable centre post, which can be detached to allow the full width of the clear opening (3200 mm by 2200 mm) for large equipment or vehicles. 
The design of the centre post and door leaves ensures a watertight seal when the doors are closed. The centre post acts as a barrier between the leaves and the frame, while each leaf contains a channel for an EPDM seal. EPDM is particularly suitable for this application due to its resistance to water, weathering, ozone, and UV exposure, as well as its flexibility and durability across a wide temperature range (Seals Direct, 2024; Global O-Ring and Seal, 2024). The seal is compressed by the locking mechanism to maintain effectiveness under normal conditions, with floodwater pressure further enhancing the seal during events, a principle used in active flood sealing technologies (StormMeister, 2024). 
[bookmark: _Toc198851385]Revised General Arrangement Drawing – Sam - 2316051
The general arrangement drawing presented in Figure 1 was issued to the customer as part of the initial design submission. While the proposed solution addressed several key requirements, the customer provided feedback that necessitated a revision of the design. 
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Figure 2: General Arrangement Drawing Revision A – See Appendix 15 
A primary concern raised was the use of hydraulic arms for assisted door operation. The customer opted against this feature due to the complexity, cost, and ongoing maintenance requirements, particularly given the external installation and the potential for corrosion in harsh environmental conditions. Additionally, the customer was informed the doors, each supported by hinges rated for loads up to 400 kg, could be operated manually without excessive difficulty. 
To enhance ease of use and maintain cost-effectiveness, the customer elected to reallocate the budget initially intended for hydraulic actuation toward the integration of robust door closers with stay-open arms. These arms assist users by holding the doors securely in the open position at 90 degrees but also closes the door automatically in angles less than 90 degrees, thereby facilitating the movement of personnel and equipment through the opening and preventing accidental closure during operation. 
Further feedback from the customer related to the door hardware. It was identified that, in the event of an emergency, rapid egress would be required. To address this, the internal lever handle was replaced with an emergency exit push bar, ensuring compliance with safety standards, and enabling quick and efficient exit under emergency conditions. 
Overall, these revisions reflect a collaborative approach to design development, prioritising operation, durability, and safety while remaining responsive to the customer’s environment and maintenance considerations. 
The revised general arrangement drawing was approved by the customer therefore Aquashield Technologies design team could begin production drawings for the product. 
 
 
 
[bookmark: _Toc198851386]Production Drawings – Sam - 2316051
Upon approval of the revised general arrangement (GA), detailed production drawings will be prepared in accordance with the final design authorised by the customer. These drawings will undergo internal review prior to release to the manufacturing team, who will utilise the information provided for fabrication. Each production drawing contains comprehensive notes and precise dimensions for welders, fitters, and installers. The drawings will specify the required paint system, including details of paints and primers for use by the painting team. A tolerance table indicating allowable deviations, with a standard tolerance of 2 mm, will also be included on each sheet. 
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Figure 3: Full Assembly – See Appendix 16 
Figure 3 illustrates the front sheet of the production drawing. While it closely resembles the General Arrangement drawing, it omits several notes, as internal staff are already familiar with the function and identity of each door component. The relevant parts are itemised in the Bill of Materials on their respective sheets. The Bill of Materials on sheet one lists the part names for the primary components of the door, as indicated by the numbered balloons. This sheet is primarily used by installers to understand the door’s configuration on site and to identify the appropriate furniture and fixings required for installation. 
[bookmark: _Toc198851388]Sheet 2 – Right Leaf Assembly (Active) – Sam - 2316051
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Figure 4: Right Leaf Assembly (Active) – See Appendix 17 
Figure 4 presents sheet 2 of the production drawing, which details the right leaf of the door designated as the active leaf. This leaf is primarily used for daily access and incorporates the dual access mechanism. The Bill of Materials specifies the quantities and types of materials required, including seals and slam plates, and provides a reference for each part using corresponding callout balloons for clear identification. 
Key dimensions are included to ensure the manufacturing team can fabricate each component to the correct size. The locations of critical parts are also clearly indicated to facilitate accurate welding and fitting. Dimensions highlighted in red denote critical tolerances, particularly for components essential to the door’s operation. These require precision and accuracy and are subject to stringent quality control. 
The internal structure of the door consists of a welded mild steel matrix, to which the front and rear sheets are attached. As illustrated in Section C-C, a 41 mm gap is maintained between the front and rear sheets around the perimeter of the door to accommodate the EPDM seal. This seal is positioned on the inner face of the door to maximise sealing effectiveness, as the door is subjected to floodwater pressure from the outside. The compression generated by the locking mechanism, combined with external water pressure during flooding, enhances the integrity of the seal and provides robust protection against water ingress. 
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[image: Picture 9, Picture] 
Figure 5: Right Leaf Matrix Assembly (Active) – See Appendix 18 
Figure 5 illustrates the right leaf matrix assembly, which forms the structural core of the door leaf. The Bill of Materials specifies the various material lengths required for fabrication, in addition to listing DXF components-parts that are precision-cut and formed using CNC laser cutters and hydraulic presses. 
The outer perimeter of the matrix is constructed from 50x50x3 mm mild steel S235, selected for its high strength and rigidity. The inner matrix members are fabricated from 50x30x3 mm mild steel, offering a balance between structural integrity and reduced weight, thereby facilitating easier operation of the door compared to using larger section sizes throughout. 
All matrix components are welded together in accordance with the critical dimensions indicated on the production drawing, with a standard fabrication tolerance of 2 mm. The front sheet is also produced from a DXF file and is laser cut and folded to achieve the precise shape and dimensions specified. 
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Figure 6: Left Leaf Assembly (Passive) – See Appendix 19 
Figure 6 illustrates the passive leaf of the door assembly, which is typically the least frequently operated component. The passive leaf is secured by four clamps that engage with locking lugs on the centre post of the main assembly, ensuring a robust and watertight closure. The Bill of Materials for this assembly closely mirrors that of the right (active) leaf shown in Figure 4, except for the lock assembly and hatch door components. 
Both the passive and active leaves are equipped with an internal pull handle and incorporate a channel for the EPDM seal, which provides effective protection against water ingress. Each leaf is fitted with three hinges, enabling secure attachment to the frame and smooth operation. The precise locations of these hinges are identified as critical dimensions on the production drawing, as they must align accurately with the corresponding hinges on both the frame and the active leaf to ensure proper fit and function. 
[bookmark: _Toc198851391]Sheet 5 – Left Leaf Matrix Assembly (Active) – Sam - 2316051
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Figure 7: Left Leaf Matrix Assembly (Active) – See Appendix 20 
Figure 7 depicts the left leaf matrix assembly. The design of the left leaf is comparatively straightforward, as it does not require a cutout for a hatch door. This simplification reduces fabrication complexity, as welders only need to ensure correct spacing between horizontal members and maintain the specified outer perimeter shape. 
As outlined in Figure 5, the Bill of Materials details the required lengths for each material, with each component clearly referenced by corresponding numbered balloons for easy identification during assembly. To accommodate the 50 mm bases of the clamps shown in Figure 7, the intermediate members are specified as 50x50x3 mm sections, rather than 50x30x3 mm, allowing for direct attachment without any overhang. 
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Figure 8: Frame Assembly – See Appendix 21 
Figure 8 illustrates the frame assembly, which serves as the primary structural element that secures the door within the wall aperture. The frame must be robust and rigid to adequately support the weight and operational loads of each door leaf, as well as to ensure a secure and watertight fit within the opening. 
The frame consists of an outer perimeter fabricated from ‘P-Frame’ sections, which are cut to the precise lengths specified in the Bill of Materials. The matrix of the frame comprises both vertical and top/bottom horizontal members, forming the structural backbone of the assembly. The front perimeter of the frame, referred to as the threshold, is shaped to facilitate access and is manufactured from 3 mm stainless steel (grade 304) sheet, which is bent according to the DXF profile to achieve the required geometry. The design of the outer perimeter is critical for achieving an effective seal with the door leaves; the inner face of the door closes against the lip of the frame and threshold, creating a continuous sealing surface. 
To ensure watertightness, a seal is installed along the threshold and is compressed against the door by bolts. These bolts, specified as M6 x 16, are fixed through the threshold and into the frame, with the seal overlapping the leaf by 17 mm to eliminate any potential gaps. 
The frame is anchored to the wall using M10 x 100 thunderbolts, which are installed through 15 mm diameter holes drilled into the concrete. This anchoring method is applied on all four sides of the frame to provide the necessary rigidity and structural integrity. The overall dimensions of the frame are designated as critical, as any deviation could result in improper fitment within the aperture. Similarly, the locations of the hinge mounts are critically dimensioned to ensure precise alignment with the corresponding hinges on the door leaves, which is essential for smooth operation and sealing performance. 
Additionally, the lugs welded to the vertical members of the frame align with the centre post on the passive leaf. These lugs must be positioned with high accuracy so that the clamping mechanisms on the passive leaf engage correctly. Any misalignment could compromise the seal and lead to water ingress during a flood event. 
The centre post is secured to the top and bottom of the frame using M6 x 16 countersunk bolts, which are inserted through pre-drilled holes in both the horizontal frame members and the threshold. This centre post is only installed when a fully sealed opening is required, providing additional rigidity, and ensuring the integrity of the flood door. 
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Figure 9: Centre Post Assembly – See Appendix 22
Figure 9 illustrates the centre post. As specified in the Bill of Materials, the centre post is fabricated from a 60x60x6 mm mild steel S275 box section, cut to a length of 3073 mm. The substantial profile of this box section provides the centre post with the necessary strength and rigidity to serve as a robust structural component within the door assembly, while also facilitating the attachment of additional elements. 
Flat flanges are welded to each end of the box section, each incorporating M6 countersunk holes for securing the centre post to the frame. The M6 threaded holes are precisely drilled to align with the corresponding holes on the sealing blade, ensuring accurate and secure installation. 
[bookmark: _Toc198851394]Sheet 8 - Hatch Door Assembly – Sam - 2316051
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Figure 10: Hatch Door Assembly – See Appendix 23 
Figure 10 presents the final sheet of the production drawing, detailing the dual access hatch door. While the hatch door shares a similar construction to the active leaf, it incorporates several key differences. Both the front and rear sheets are manufactured to identical dimensions, allowing them to align flush with one another. This design choice is possible because the hatch door is positioned above the 600 mm flood height and, therefore, does not require a sealing channel for flood protection. 
The drawing includes a comprehensive Bill of Materials specifying the lengths, sizes, and materials of the box sections, as well as additional components such as the lock and hinges. The hinges are critically dimensioned, along with the overall size of the hatch door, to ensure seamless integration with the active leaf and to guarantee correct operation. This precise detailing enables the hatch door to be installed efficiently and to function reliably as part of the overall door assembly.
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​The industrial flood door is a critical component in safeguarding substations against flooding while maintaining operational efficiency. Given the significant financial impact of downtime, our design must prioritize reliability, precision, and durability. The use of advanced manufacturing processes such as laser cutting and CNC machining will ensure the door meets stringent quality standards. Where possible items will be sourced from other retailers, for items such as hinges and gaskets etc. 
​In the design and manufacturing the said door it is important that we first make a few considerations. The final design will rely heavily on these requirements, be it through material selection, the process of manufacturing, and even the practicality of installation. 
​ 
​Environmental demands – Design must be able to withstand high water pressure and potentially impact from debris during a flood. 
​Corrosion Resistance – following from this, the material must be resistant to corrosion from the wet and damp environment. 
​Integration – This design must integrate with existing substation control systems and must be simple to operate to align with these needs. 
​Mechanical strength – The door must be strong enough to bear the weight of the water and withstand the force exerted by the floodwaters. 
​Considering all these parameters set by the team, there were also a few customer requirements to keep in the fore front of the project. The door needs to be large enough for machinery such as forklifts to pass through, and would also require a smaller hatch door, so that in the case of an emergency personnel would be able to pass through the door without releasing the floodwaters. 
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​Before deciding on final design, it is important to first consider what material this is to be made from. Previously we have spoken about the use of 316L stainless steel and galvanised carbon steel among other options. It was then settled that we would use stainless steel 304 as it has the best all round properties and is a cost-effective consideration when it comes to meeting all our set out parameters. 
​Once the relevant material weas selected, the manufacturing team could look deeper into how this door would be constructed. It was assessed that the following manufacturing process would need to be applied, Cutting and shaping using a Laser cutter for the large plates of steel, and CNC machine for the machining of hinges and lock fitting points. Welding would be required, be it in the form of MIG and MAG welding on the frame and reinforcement, keeping aesthetic details in mind. Welds must fully penetrate the material to ensure ultimate strength. Finally, the sealing system would need to be considering by installing rubber gaskets using adhesive and mechanical fasteners. This will be testing to ensure integrity. 
​Another consideration is the corrosion protection that will be needed to coat the door, to ensure as much resistance to corrosion as possible. For this the door and its relevant parts will be coated in epoxy primer and a topcoat will be added to the material, acting as another barrier between the water and the steel components of the flood door. This is a well-known as well used method for preserving the life of any corrosive material, as studies show this hypothesis to be true. ​(Walters, 1986)​ 
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​Once the engineering team had come to conclusions about the final design of our flood door, it was possible to begin optimising certain key features. It was previously discussed at the interim viva that a potential secondary drainage system may be necessary in our design. This however will now be deemed unnecessary as the team is happy that the rubber gasket seals made from EPDM will be more than suitable. Due to the design of the channels in the door itself, it becomes more waterproof as the flood level increases, strengthening the seal through the added pressure of the water and locking system. 
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Fig. 1 – Drawing of Flood door  - See Appendix 24
​Due to an unforeseen circumstance in our production and design team, we previously stated that we would be using hydraulic arms for this door to be opened and closed remotely. This system will now be done manually, but optimisations have been made to make this and an easy task. 
​
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​Looking at figure 1, we can see the final design and drawing for our substation flood door with key information included. Following this focusing on figure 3 we can see the internal design of the door showing the matrix that gives the door its integrity and strength. This is created and put together by sectioning uniform lengths steel that will then be welded together via MAG welding in production to create this frame. These lengths of steel will be cut to size using a laser cutter or otherwise suitable tool, failing this they will be ordered to come in the correct size. The spacing between each length of steel will also be equal and set out so that welders know exactly where they are to be attached to as per the engineering drawing. 
​Prior to this step in the installation process it would be necessary to heat treat the flood door, this can be done for several reasons. This method can improve mechanical properties, control microstructural changes, and ultimately enhance the durability and performance of the weld. By heating the material evenly, it can reduce the residual stresses produced by weld shrinkage. ​(Global, 2025)​ 
​Once heat treatment has been completed it would also be recommended that full non-destructive testing (NDT) should be assumed. As there will be points in the manufacturing process where two dissimilar metals need to be welded together altering the final weld compound, PMI dilution testing of carbon steel to stainless steel welds should be carried out. Further NDT techniques such as MPI testing and portable hardness testing could also be performed after installation, to ensure the heat treatment has had the desired effect. 
​The frame of the door will first be bolted into the allocated wall space using thunderbolts, giving a powerful and effective seal between the wall and the frame. The remaining air gaps will be filled with a poly -filler material. The doors themselves will then be manual raised to sit on top of the positioned hinges of the frame, using washers to prevent too much metal-to-metal contact. When the door is fully closed, the sealing blades are compressed against a lip, creating a highly effective watertight seal through compression. These sealing blades prevent water from passing over the top of the door. 
​EPDM rubber gaskets used seals were fitted by first freezing them to shrink them down. Grooves are precisely machined into the flood doors sealing faces, marginally smaller than the thickness of the PEDM seal. Through the method of freezing, the seals can be quickly placed into the bespoke grooves and brought back to room temperature where they will expand and created a semi-permanent seal when the door is then closed against them. 
​This is a common engineering process used in the installation of various types of doors. Assemblies with seals on them are placed in a freezer to help them collapse down, then be installed into the premade bore. (Cliff, 2019)  
​Additionally, the sealing efficiency increases with the water pressure behind the door, as the force of the water enhances the compression and tightens the seal even further. Once in the correct position, the handle for closing and opening can be installed and testing, making sure that the appropriate seal is being formed. 
​As we can see in the afore mentioned drawings, the door itself will be made up on an active leaf, and a passive leaf. The hatch door that we have included in our product is not designed to be flood proof, as it has been designed to withstand water up to 400mm due to the data given by the topographical report that was carried out. 
​ 
​The cost of labor to install this door could be estimated at around £100 per hour for certified installation personnel. It is imperative that when a company installs such a piece of equipment, they adhere to strict building codes, insurance requirements, and in the case of this project the flood resilience standards applicable to the substation.  
​ 
​Some calculations were made to assess each aspect of the use of this door. 
​ 
​Design Summary: 
​Flood height: 400 mm (0.4 m) 
​Door configuration: Double leaf (active and passive) 
​Gasket material: EPDM rubber 
​Hinges per door leaf: 4 (each rated for 400 kg) 
​Hatch hinges: 2 (each rated for 400 kg) 
​ 
​ 
​1. Total Horizontal Force on One Door Leaf 
​The total force acting horizontally on one leaf due to the water head can be estimated as: 
​F = ½ ρgh² × w 
​Where w is the width of the door leaf (in meters). Simplifying: 
​F = 0.5 × 1000 × 9.81 × (0.4) ² × w = 784.8 × w N 
​ 
​ 
​ 
​3. Height of Resultant Force 
​This pressure distribution forms a triangle, with the resultant force acting at one-third of the height from the base: 
​h_res = 1/3 × 0.4 = 0.133 m 
​ 
​4. Moment on Hinges 
​Assuming the door rotates about its vertical hinge axis, the moment from the hydrostatic load is: 
​M = F × h_res = (784.8 × w) × 0.133 = 104.4 × w Nm 
​ 
​5. Hinge Load Capacity Check 
​Each door leaf is supported by 4 hinges, each rated for 400 kg: 
​Total load capacity per leaf = 4 × 400 = 1600 kg 
​Equivalent in Newtons = 1600 × 9.81 = 15,696 N 
​Assuming that the weight of each door leaf is under 1600 kg, the hinge capacity is sufficient. Additionally, each hinge must withstand a portion of the horizontal shear and moment induced by the flood pressure. 
​Further testing was completed by the design team to assess the maximum pressure that the flood door could withstand, resulting in our door being deemed more than suitable for the potential water level and pressure that it will face.  
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​ ​The design and development of this industrial flood defence door represent a significant step toward enhancing the resilience of critical substation infrastructure in flood-prone areas. Through a combination of advanced engineering design, material science, and manufacturing precision, the solution presented not only meets but exceeds the functional requirements established by the customer and environmental demands. 
​The topographical report highlighted a realistic and increasing threat of flooding, with potential water levels exceeding 300mm. This informed the decision to engineer a door capable of withstanding a hydrostatic load from floodwaters up to 400mm, with appropriate safety margins included in all calculations. By selecting 316L stainless steel as the material of choice, the door achieves exceptional corrosion resistance, high mechanical strength, and longevity without the need for additional surface treatments. This not only ensures functional reliability but also minimizes future maintenance costs and environmental degradation from paint or coatings. 
​From a structural standpoint, the internal reinforcement matrix combined with full-penetration welds ensures a strong, rigid frame capable of resisting both pressure and debris impact during a flood event. Load and moment calculations confirmed that the door hinges, each rated at 400 kg, easily accommodate both the static weight of the door and the dynamic pressures exerted by rising floodwaters. 
​The inclusion of EPDM gaskets, tested under much higher-pressure scenarios than those expected here, ensures an extremely watertight seal. In fact, the sealing effectiveness improves as water pressure increases, thanks to the door’s self-reinforcing compression seal design. This eliminates the need for an auxiliary drainage system, simplifying the installation and reducing the risk of mechanical failure during operation. 
​Functionality and practicality were also key design priorities. The double-leaf configuration with an active and passive side allows large machinery, such as forklifts, to pass through easily, aligning with operational needs of the substation. Meanwhile, the integrated hatch door, although not flood-rated, offers personnel a quick emergency egress option without having to open the main flood-sealed doors—this maintains barrier integrity during lower-risk situations. 
​Installation considerations were carefully planned to minimize disruption to the substation’s operations. The use of prefabricated steel parts, laser-cut panels, and CNC-machined hinges ensures accurate assembly on-site. The door is also designed to be manually operated to reduce mechanical complexity and ensure usability during power outages, with the option to integrate hydraulic or automated actuation in future iterations if required by the client. 
​In strategic terms, this solution provides the substation operator with a robust and scalable defence against water ingress. It helps mitigate regulatory penalties, operational losses, and safety risks associated with flood events. The system’s modularity, maintainability, and proven mechanical integrity offer a long-term solution adaptable to future climate-related challenges. 
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· ​Proceed with prototype fabrication for physical testing under simulated flood conditions. 
· ​Conduct seal pressure tests and hinge fatigue testing to validate assumptions. 
· ​Explore sensor integration for door status and water pressure monitoring in future upgrades. 
· ​Provide training documentation and maintenance schedules to operational teams. 
​This flood defence door is not only a tailored response to a localized flooding issue but also a scalable model for flood protection applicable to other high-risk infrastructure assets across the country. It serves as a benchmark for combining engineering excellence with real-world practicality in the defence of essential services. 
​We have also kept in mind for the potential of expansion into the European market where different standards may apply, and furthermore the use of a similar application to be used in the domestic market, especially in the design of new homes being built in high-risk flood areas. 
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I believe the project has worked very well, with almost all parts of the project having been completed on time and with good communication between team members both in meetings and within the WhatsApp group that was created.  All issues that were addressed inside of the group was resolved with each person having a specialty in helping within that group.  
One of the parts of the project that worked very well was the cooperation of all members in the group. There are many parts of the project that requires cooperation between members due to their specific roles in the group. This allowed members to provide insight into other parts of the project to both help and progress each part of the project, this was especially importing between the designer, manufacturing and testing members of the group to ensure the door was designed to the correct standards, the door would meet the testing required to work and was able to be manufactured. This was essential for the project being completed and the door meeting the required specifications. 
Another part of the project that went very well was communication between members. Any issues were raised quickly and were resolved quickly, allowing the project to carry on despite issues appearing. This was especially important due to the work restraints that people had, meaning people were not always available to meet in person. The multiple forms of communication and quick responses ensured that everyone understood the work that needed to be completed, and any help or insight was quickly given. 
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One of the issues that occurred with the project is that one of our members had left the project due to personal circumstances. This was a large issue due to the timing of a member leaving was quite late into the project. This meant that the project was changed to account for this. This caused the project to have a sudden design choice changed from hydraulic doors to manual doors to allow for the project to continue within the completion timeframe. This was undertaken by all members, allowing for the large change to be made quickly to ensure the project did not fall behind. This change meant the designs needed to be changed to allow for manual opening and closing of the door and the manufacturing methods would change to suit that. 
The project was quite slow to start up with deciding roles and how each part of the project would be completed, this led to the issue of whether the project would aim to look at building industrial or commercial flood doors. This decision took a few weeks due to the benefits and limitations of each before the final decision was made as a group to work on industrial flood doors as part of a substation. If a more concise decision was made, this could have made the project easier due to allowing more time on the initial designs to be completed. 
More time could have also been given to the final stages of the project to ease the workload on members of the group. This caused stress throughout the group due to a sudden change that needed to be implemented added more work than was originally expected in such a short timeframe. In future, a sudden change would not be needed, leading to less workload towards the end of the project. 
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One of the improvements that could be made for the project is diversifying the market so that the flood doors would be allowed to operate and be sold in. An example of this is that the door has been created to Uk standards, but it could also be changed to also meet European standards. This would also allow for a larger market allowing it to be sold to more countries. 
Another improvement that could be made for the product is by diversifying into the commercial market, such as for residential and commercial properties. This is because most of the research has already been completed. It would cost less to alter the design to suit different applications. this also allows for a higher customer base due to different parts of the Uk suffering from flooding such as around the area of the substation. This could allow for more profits to be made on the product and reducing the overall research costs due to a varied customer base. 
Another improvement that could have been made was a flood door with hydraulic operation instead of manual operation. Unfortunately, this part of the project was required to be removed and designs changed, and manufacturing methods changed to resolve this. If more time was given to the project or in the future, this could be possible and sold as a variant of the product at the customer’s request. 
The project could also be improved by adding a method of flood water detection such as a sensor to detect waterflow and automatically shut the door if no one was able to shut it. This would increase its efficiency by ensuing it does not need to be manually shut but will also make the design more complex by adding flood sensors to the door and additional components and research to ensure this function is operational. 
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The project worked very well and completed all the aims that it had. The design of the product allowed the door to be opened and shut easily by workers in the substation by using handles and an extension handle to reach the buckles that are too tall to reach. The door was made from durable materials to withstand flood water and the debris without signs of damage or wear. The design and material used allowed it to be watertight, stopping all forms of water from getting into the substation. The door can be opened and closed by a single operator in a short amount of time. The door was also able to be large enough to allow loading vehicles in and out of the substation. This was done by removing the Centre post allowing vehicles to pass.  The door is also able to be opened and closed from both sides, allowing it to be used as a normal door. The door also comes with an emergency exit pad to quickly open the door when needed. The door was also able to be manufactured and fitted using normal manufacturing methods. It was also successful by performing well in testing and simulation ensuring it will fulfill its purpose. The door also meets the specification by having an access hatch higher up on the door if required in an emergency and the door has been built and designed to meet UK regulations allowing it to be used at substations around the UK. 
In conclusion, all members of the team worked well together, allowing the project to be completed and for the product to meet the criteria it was given.   It was also completed on time despite external and internal challenges. 
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Hydrostatic Pressure (P)

This is the pressure exerted by still floodwater.

Using:

P=pxgxh

Where:

p (water density) = 1000 kg/m*
g (gravity) =9.81 m/s®

h (water height) = 1.8 m (test
condition)

Calculation:

P=1000x9.81x1.8

=17,658 Pa (0.177 bar)

Total Force on Door:

F=PxA

(A =door area=3.2m x 2.19m = 7.008
m?)

F=17,658 x 7.008

=123,730 N (+12.6 tonnes)

Hydrodynamic Pressure (Flowing Water)

Additional pressure caused by water
flow/movement.

Using:
qa=thxpxy?
Where:

* v(water velocity) = 2 m/s (typical flood
speed)

Calculation:
q=0.5x 1000 x (2)°
=2,000Pa

Total Pressure on Door:

Combined pressure = Hydrostatic + Hydrodynamic
=17,658 Pa + 2,000 Pa
=19,658 Pa (=0.2 bar)
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