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The SA1 Campus of UWTSD is a new modern state of the art development designed to take the university forward into the future as it grows. Initially Comprising of two buildings with further long-term development planned. A critical analysis of the existing buildings would provide much needed insight into potential design issues These “lessons learned” will provide the client with invaluable data which may well help them to mitigate any construction issues that they may wish to avoid in the long-term development of future campus construction.
Using an array of collaborative tools, to combine and compare the initial building designs and the final form of the completed building, we will be able to highlight any inconsistencies, discrepancies, and alterations made to the building between that was originally designed, and the final building that was delivered to UWTSD. This will also help to highlight issues faced by the current on-site Facilities management team in their maintenance of the current campus and show areas that may cause issues in further development of the campus and its buildings.
[image: Image result for revizto][bookmark: _Toc65264877]Figure 1 Revizto compatible software (Revit News, 2017)

Information from the current Facilities management team on how they manage the campus, and their chosen software for doing so will be invaluable providing much needed insight on possible required alterations and help to develop future improved training plans to gain a better understanding of how the building works on a day-to-day basis and help to mitigate and hopefully eliminate the existing issues that are faced by the current occupants on a daily basis. 
This report will primarily focus on analysis of the large open Atrium area of the IQ building on campus, any currently identified design flaws, the missed opportunities, and an in-depth study into the long-term sustainability of the campus. In regard to the sustainability portion of the study we will investigate what existing sustainable methods are already currently in use, identify key areas where a more sustainable approach maybe incorporated, and using an architectural design overview, considering implementing any changes that could be made to the area to improve the conditions in that section of the campus, as well as attempting to futureproof the building for possible change of use.
[bookmark: _Toc65264860]Collaboration Network.

During the initial design phase of a project, it is often assumed that what is designed is what is in fact actually built. This assumption is often far from the reality of the situation. In many instances this can create issues for the facilities management team as in daily use the building can operate very differently in reality as compared to how it is perceived as to how it may operate as it appears on a screen. By using advanced technical clash detection tools like Revizto (others are available) designers and contractors can identify and work towards mitigating any issues before delivering the completed development.

[bookmark: _Toc65264878]Figure 2 Team Roles
As a team we imported individual specialization files into the Revizto model which combined all the individual elements of the construction of SA1 Campus. This allowed us to analyze the model for issues, once an issue was identified we created those issues in an issue report. The issue report could then be given to the facilities management team or pushed back to the construction team for confirmation of resolution. As a completed project we have the luxury of attending the site to view the highlighted issues firsthand and to assess if this issue was just at design phase of the project or if the issue progressed through to development stage. 
It should be noted that in the case of the SA1 Campus of UWTSD clash detection was not undertaken before delivery, and this could be the cause of potential issues and problems. Here we will examine the design of SA1 along with Revizto, highlighting clashes, voids, and differences between BIM and Revizto. 
In many cases some clashes are glaringly obvious, just a quick glance at the exterior shows the lack of a building slab between the IQ building and the FForwm. This would show the connection between the buildings and detail the water and waste facilities, as well as the car park, and bike parking facilities. As a result of this omission these are potentially all areas that could develop issues in the future running of the site. This also results in what seems like humans floating, while this is not a big issue it does show that the presentation 3D render was used for the completed BIM files. M&E hardware is observed sitting below the ground floor. [image: A picture containing text, monitor, indoor, screen

Description automatically generated]This has been caused by the materials being assigned to a floor, not a ceiling as they should be. This could be remedied by using the ceiling as the anchor point for the M&E, with a minus offset. The ductwork and piping would then sit in the lofted ceiling area as it should and as it does in the finished development. [bookmark: _Toc65264879]Figure 3 Exterior Issues SA1
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Description automatically generated]As visible in Figure 4 there are numerous floor slabs on each level. This error may well have occurred when alterations to floor heights were made and elements were hidden in the design software. This could very possibly create heating and cooling management issues due to the mass of each room being incorrectly calculated. Which has presented as an in-use management problem experienced by staff and students 3 years after delivery of the project. 
Excessive or incorrect heating and cooling could reduce the life of M&E components resulting in unplanned expenditure. 
[bookmark: _Toc65264880]Figure 4 Multiple Floors in Section
This issue is recurring throughout the entire development the floor to roof atrium shows floors at each level. Changes were made during the build to the Atrium area, so this could be due to that or due to the designer not cutting out the dimensions for the shaft.
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Description automatically generated]
Further example of floor and or ceilings not having instances cut out to show fire exit stair route clearly and correctly. M&E again appearing in the wrong locations which could lead to faults. This sort of issue is easily highlighted by someone with BIM knowledge, but if FM teams do not have experience of BIM, and the technology that runs the estate are running on incorrect plans, it could trigger alerts and alarms falsely.

[bookmark: _Toc65264881]Figure 5 Revizto extending level through stair void
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[bookmark: _Toc65264882]Figure 6 Revizto Filling in Stair Voids Fforwm

As a clash detection software Revizto works tremendously well. It is however not without its limitations or errors. When the team examined the clash detection between BIM and 
[image: A picture containing text, monitor, indoor, electronics

Description automatically generated]Revizto it was immediately obvious that some room mass issue had caused Revizto to project room boundaries beyond the roof line in the FForwm building, upon further inspection it appears that all parameter settings are closed.
Due to this we are unable to quickly establish the presence of and amount of any Solar PV installed on the roof, which due to physical inspection we are aware there is Solar PV installed on the South facing slope of the roof.
 This however has not occurred in the main IQ building, the construction workshops, 
[bookmark: _Toc65264883]Figure 7 Room boundaries exceeding building envelope
or the CWIC section. Is this a possible fault with Revizto or have the settings been altered? It is possible the FForwm and the IQ BIM files have been combined into one file previously and this is causing a consistency issue.
The FForwm building for example does not have the same error displaying the M&E underground or attached to the wrong surface, it also does not have multiple floors per level, although it does have the same issue of Revizto highlighting a floor rather than leaving a void in stair wells, atriums, lift shafts. A full lighting system is also available to view in the FForwm unlike the IQ building. However, there is no lift mechanical equipment, so this would require the specific information to be provided in file format. Revizto provides a great service, but until facilities managers know how to use BIM software it is beyond their knowledge. Especially if the teams have no input into the design phase of the building in the first place, as is evident in the UWTSD SA1 Campus.
The number of errors highlighted in our analysis of SA1 could possibly be a result of attempting to analyze all the elements at the same time. If we had completed the analysis 1 category at a time this may well have reduced the number of inconsistencies.
To best improve the comparison, we could laser scan the whole campus and then combine the scan with Revizto to assess if the results are indeed better, and where if anywhere the two files have any errors.

[bookmark: _Toc65264861]Facilities Management of SA1 Campus

When a project the size of SA1 is completed the day to day running of the site becomes the responsibility of the Facilities Management team. In the old UWTSD site it was simple, old fashioned mechanics, in the new campus they are heavily reliant on new technology. From renewable energy sources to complicated heating systems, computer-controlled door locks, advanced lighting systems and computer projection systems. 
[image: Graphical user interface, application

Description automatically generated]Clear and concise information flow is a natural progression within the use of BIM and by managing how. 
[bookmark: _Toc65264884]Figure 8 Flow of information
There was no BIM brief given by the client to the contractors at any phase of the design and build, all they requested was a modern building that worked and was fit for purpose. The contractors developed the BIM profile for the development through their own practices. The project was designed through BIMXtra as the Common Data Environment and led at BIM level 2 as defined by PAS 1192-2:2013. By using BIM all the individual contractors were able to input their work without lengthy discussions and repeated print outs. 
[image: Graphical user interface, application

Description automatically generated]
[bookmark: _Toc65264885]Figure 9 BIM workflow for SA1 (Gardner, 2016)

In doing so they developed a running system ready for the Facilities Management team to use right from the beginning of building use. This was not considered by the client and therefore not put in place. There is still scope to integrate this as the master running software for the estates team should the University decide to do so at some point in the future, however this would require a full building scan to ensure everything was still correct and to correct specification.
We interviewed a member of the Facilities Management team to gain a better insight and understanding as to how they maintain SA1 and any issues they encounter in their work, and what they could suggest if anything would improve their ability to do their jobs and increase overall efficiency. The full interview is available in the appendices.
The site development was designed through BIM, but the Facilities Management team use Quantarc Management systems to run the estate and manage campus maintenance both planned and reactive. Quantarc is a locally developed in house system, that provides software and estate consultancy functions.
The Facilities Management team for the previous Mount Pleasant campus were not involved in the design and development for SA1, nor do the new team have the extensive BIM training required to run a site the size (with a view to future expansion) of IQ, CWIC, and FForwm. The benefits of such cannot be understated as the building was designed to work with BIM. One member has attended a BIM course, but this was basic skills and not sufficient enough to implement in SA1.
Current FM is of the belief that if UWTSD were to use BIM they could develop detailed PPM schedules, accurately monitor, and predict asset lifecycles, and integrate a more informed procurement process for the estates team. With further developments to the campus in planning stages the team hopes that BIM is used to develop a system to better assist in the running the campus, and that this should be discussed at design phase by highlighting the benefits to the end user, not just the FM but the staff and students that use the building, and better training overall regardless of what system is used.
As a frequent user of the SA1 campus some of the daily issues the FM team face are very obvious, from lighting systems staying on far too long after occupants have left the room, regular persistent issues with inconsistent heating/cooling, and excessive noise from M&E.
[image: Top 10 Benefits of BIM (Building Information Modeling) | Scan2CAD][bookmark: _Toc65264886]Figure 10 BIM Users (Bethany, 2017)

So, what could BIM do for UWTSD SA1? One of the most common misconceptions of BIM is that it is just a design tool. As it has evolved BIM has incorporated all the information for a project from design to in use and beyond. The digital modelling allows for simple repurposing of buildings once their initial use is no longer required, as a result BIM provides longevity and a degree of future proofing to modern buildings, it just has to be used right, and from the start, by all departments. The buildings at SA1 were designed within the BIM network, which gives BIM the best foundations over other software choice to successfully run the estate and evolve with the building as changes are made. Changes done to the site in BIM would be instantly available to the estate team which they could use to set new control parameters, schedules, and energy requirements leading to a more sustainable site. 
The University of West England has invested heavily in BIM for its recent developments and improvements to its existing buildings. Focused on sustainability UWE has used BIM to best highlight and showcase how buildings can be efficiently built and renovated using one piece of collaborative software. Having achieved multiple awards for numerous projects along the way UWE is an exemplary example of how large estates can successfully and rather rapidly integrate and implement BIM into their planning and asset management.
UWE developed a very in-depth BIM brief, from AIR and EIR at the beginning of the new developments when they came to the realization that their existing method was not suitable for what they wanted as a platform for the extensive works that they were about to undertake, though it was not without its problems. One element of the construction team deviating from the BIM workflow has resulted in a full survey being completed to update and corelate the existing model. When BIM is used holistically across the whole project it works, when it is not double handling becomes a cost implication.
Construction industry and practices change so regularly that new software is available every year, and just like our team UWE has been using Revizto, which has improved the BIM process even further. When dealing with multi-million-pound construction projects in a world focused on the reduction of waste and carbon, Revizto is going to prove highly valuable for large projects like UWE and the expansion of UWTSD, if the University board can be educated in the benefits of the simplicity of BIM.
UWE has not escaped its share of issues, but the issues that have arisen are direct results of contractors breaching contracts and not delivering on BIM in a way that they implied they would and could. (Chevin, 2018)
UWTSD has many existing campuses and more to be delivered, as well as closing down some older buildings and handing them off. To develop BIM models of those existing assets before hand over would not only increase their value to the new owner but would enable the new occupant to develop their own modern FM team with simplified running, reduced running costs, and ease of renovation when the time comes that listed building or not, they will likely need to be retrofitted to low carbon standard to adhere to government policies in order to remain open. 

[bookmark: _Toc65264862]Sustainability Measures.

As a new building, SA1 IQ and FForwm had all the possibilities of becoming a sustainability model, for future buildings on campus and in the Swansea area as we move into Zero carbon future of Sustainable Development Goals, and the Paris Agreement 2015. Unfortunately, this was not put into best practice when designing the building, from the placement of the photovoltaics to the overall design of the building. Much more could have been done at design phase to develop a far more energy efficient building, with no site limitations the building had much potential. These issues are inconsistent throughout the campus and appear to have been learned between the construction of the IQ building and the Fforwm.
As you have seen through the Revizto analysis there are many existing issues with the model of the building, which could lead to inefficiencies causing excess energy consumption in real world scenarios. The multiple floors on a level could have major consequences for the heating and cooling system, which has been experienced since handover and opening to the public. 

[bookmark: _Toc65264863]Existing Sustainability Measures.

SA1 currently holds BREEAM Excellent certification, with numerous Solar Photovoltaics, rainwater harvesting and waterless urinals. At the opening of the site there were local tree species propagated, many of these have since withered due to their location being void of much needed sunlight. The report also promised exemplar cycle storage provision, there is cycle provision, however it is extremely basic, and also unsecure.
During its construction many of the contractors and subcontractors were local to the area, in an effort to reduce carbon emissions through needless travel, and developing the skills of existing students in Architecture, Computing and Engineering. Sourcing material locally also contributed to helping to reduce the carbon footprint for the construction phase of SA1. (Davies, 2018)
[bookmark: _Toc65264864]Possible Additional Sustainability Measures.

Almost all buildings have the capacity for improved sustainability, some are close to the best possible, such as Passivhaus developments, and some are old leaky listed buildings that will require a lot of time, effort, and a considerable amount of financial investment to be brought into the sustainable world. SA1 already has already established a decent foundation for growth in its sustainability journey should and when they decide to expand further.
· Additional Photovoltaics: the campus is large enough to place enough solar capture to power the existing buildings.
· Planting: trees have been proven to reduce the temperature of hard surfaces, additional planting and proper layout of the carpark area would greatly improve both temperature and help to reduce wind speeds around campus environs when placed suitably.
· Deliver the planned exemplar cycle storage: more secure bike storage would increase uptake of cycling to campus which would in turn help to reduce carbon footprint, people are currently discouraged by the prospect of leaving a bike in the open sea air.
· Bike Hire: many European cities thrive on their cycle culture, not just owned bikes but rental bikes. Use SA1 to add to Swansea’s network of sustainable cycle transport.
· Develop a bus route onto campus: with two universities in the city, public transport is necessary but the closest bus route is not within a convenient walking distance for many people, especially taking into account the harsh weather the waterfront area is prone to.
· Education of recyclables: preventing single use cups and plastics being mistakenly placed into recycling bins.
· Replace existing toilets (when required) with far more efficient toilet/sink combination unit.
· Develop an efficient working heating/cooling system: with two systems countering each other the building is rarely a comfortable temperature. The lack of synergies between both systems increases running and maintenance costs as well as increasing carbon footprint.
· Hydro Power: utilizing either the river or the beach front for an energy supply, whilst also providing a litter removal service from the river, preventing further plastic pollution of the oceans. 
· More litter bins: For such a large area there are not enough litter bins, and the ones that are available are inadequately sized and can often be seen to overflow spewing plastic onto sidewalks and into the beach or river.
BIM would perfectly fit all these additions into the system quickly and efficiently, providing high levels of data output, and key performance indicators of the measurable increase in sustainable behavior and provide accurate records of carbon emissions, which could be submitted to the city council to better highlight active changes to air pollution and carbon emissions in the waterfront developments. BIM has the capacity to show heat maps and report on energy usage, this could be used as a tool prior to implementation phase alongside Revizto to test the designs before final decisions are made and develop solutions to any clashes and highlight the best use of technology. This would provide an informed plan and when used with laser scanning technology, Revizto, and Virtual Reality programming and increase chances of gaining approval from the client and their funding partners. 
Integrating those models then back into Revit would help provide opportunity to use the environmental analysis tools and test the efficiency of the proposed modifications, new building, infrastructure, which will then provide vital data for the FM teams.
As a financial benefit, and a possible working assignment for the students UWTSD could BIM Map the entire waterfront and suggest energy saving methods for the local businesses and homes. Further increasing the awareness of green technology in the area and providing the local council with much needed energy data about the area.
[bookmark: _Toc65264865]The Atrium

From a design perspective the Atrium appears to be functional but little more. A windowless walk space that connects the parts of the building with no real character or attention to detail to use the workspaces provided. Some simple effective planning and alterations to this could include a living wall. The university has no plant greenery inside, plants produce oxygen and therefore would help to reduce allergens as well as helping to increase the amount of fresh air available through the internal air conditioning system. The presence of plants has also been proven to improve mood and mental health when used in areas of stress and worry. They help to promote a feeling of calm and rest, as many students use the atrium seating area as their default place of personal study this would be highly beneficial to them, combined with the rainwater harvesting, an automatic irrigation system could be installed and run through BIM programming to ensure that if the university is closed for any long term period of time as has been the case during the recent Covid-19 lockdowns then the plants would still thrive, because of the lack of light in the area they would need growth lamps, which would be encompassed in a program for planting maintenance. This could also be [image: ]placed on the exterior of the building, promoting a wildlife habitat, and helping to further offset the carbon emissions of the university even further. This approach has been adopted at Bristol University to improve their positive environmental impact.[bookmark: _Toc65264887]Figure 11 Living Buildings (University, n.d.)
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[bookmark: _Toc65264888]Figure 12 IQ building and exemplar bike storage (UWTSD, 2020)
 
While the university was placed well and made use of otherwise unusable land, it is at mercy of the prevailing winds that push in from the seafront, and down the valley. As such the whole building sounds like a wind tunnel at times. Much of this wind coming through the wide entrance doors in the atrium. Currently there is no protection in front of the doors to reduce the wind speed and as a result the Facilities Management team has taken the decision to turn off the automatic opening functionality of the doors in bad weather to prevent damage. This however does not prevent the howling winds that push through the whole building reaching noise levels where in some cases it is impossible to hear the content being taught. Placing the exemplar cycle storage that was originally planned would act as a barrier against this level of wind, and if carefully designed could push the wind around the whole building rather than hitting it head on. 
The IQ and FForwm buildings have been designed very differently, but maybe the ideas used in Fforwm could be brought over into the IQ. For example, the glazing on the interior of the building, which allows the walkthrough space to feel much wider, and lighter. The Atrium feels like a very tall corridor and leaves you spatially confused, with no ground floor to top floor stair in the main heart of the building it can leave new students and guests confused where to go, and with a very critical eye it can appear very prison like with its narrow overlooks and single gantry style crossing on each floor. Sacrificing the west facing classrooms on the ground floor to open up a larger congregation space and improving the kitchen size and style would also increase revenue for the university rather than students ordering in or leaving campus to go into the city. 
As architects and designers, we often forget that buildings need to work, and not just in one way but in many ways. This encompasses everything from ensuring the sustainability measures meet those expected of a school teaching architecture and sustainability, to comfortable spaces to be in, where we can hear and see our class- mates, teachers, boards, screens. Many older established universities in the UK are improving their assets and UWTSD is no exception we just need to make sure that it is being done right.

[bookmark: _Toc65264866]Conclusion

Errors happen, at design stage, during the build, at handover, and even in use. That is inevitable, but we have the technology to limit those errors and we should be actively using them stringently to deliver the best buildings we can, whether that is a school, university, hospital or a house. Limiting error, means limiting risk, and improving the quality of the design. There are multiple clash detection software's available and Revit has one built in, while these have not always been available and buildings have been successfully completed without them, using the technology available to us to develop and provide the best possible final product is how architects and designers have shaped current design habits and changes and improvements in construction best practice.
Can buildings run without including BIM as their FM software of choice? Of course, they can, but why would you want to when it makes the task so much more streamlined and efficient. 
UWTSD has learned a lot in the construction of 2 buildings and will continue to learn as they expand more, not just at SA1 campus but in their other campus developments too. If they incorporate BIM as a total package, they could easily develop working buildings like those constructed and retrofitted at UWE.
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Question 1
What software do you use to manage the campus maintenance?
Quantarc 
Question 2
The contracting team used BIM throughout the design and construction phase. In hindsight do you believe that those maintaining the building should have had a greater input at an earlier stage? And if so why?
I was not in employment by the University during the construction phase. I do however believe that the maintenance management should have had more input at an early stage. It would have assisted the team in better understanding the benefits of BIM and its uses. The outputs of the system could then have been tailored to suit the requirements of the university. I also believe that BIM training for maintenance staff would have been beneficial.
Question 3
Do you have BIM experience? If so what level?
I have attended a BIM fundamentals course (2 days) but have limited experience in the implementation of BIM in live environments.

Question 4 
What software/ technology do you use to plan maintenance regimes, and alert to faults?
Quantarc for planned and reactive- Tom Welsby is better positioned to give further detail on this.

Question 5 
Do you use collaboration software, such as Revizto to detect issues with the delivered plans?
No currently. Pre COVID closure I spoke to Gavin Traynor (lecturer) about the introduction of Revizto. This is something the senior management will revisit when we return to campus post-COVID.
Question 6
 What opportunities does/would BIM provide in maintaining the existing SA1 Campus and further campus developments?
I would foresee UWTSD using BIM to develop PPM schedules, monitor product lifecycles and inform the procurement process for the estate department. In further developments, I hope that BIM is used more effectively and made more accessible. This could be achieved by simple training and highlighting the benefits of BIM to the end users.
Question 7
What challenges arise during the maintenance schedule of Campus SA1?
From a user point of view, the training for estates staff on the BMS including troubleshooting could have been improved. Tom Welsby (Executive Head of Technical Compliance) is better placed to answer this question in more detail.
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Building Information Modelling (BIM) is a collaborative process that will lead to better solutions for clients and their
supply chains. BIM enables lean, accurate and complete design information for an effective construction process
and will leave clients with better tools for asset management.

This BIM Execution Plan (BEP) covers BIM processes for all Plan of Work stages during the contracted phase of
the project and responds to the following;

«  Employer's Information Requirements (EIR).

« Al relevant specifications from the pre-contract BEP if one is in circulation.

« The underlying principles of 1192 series of standards and specifications.

The relationship between the project documents relevant to the BIM process is illustrated in Figure 1.
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« Al project BIM Models shall comply with this document and associated appendices.

« lItis assumed that the reader has a good understanding of all technical terminology used in this document.

« This is an evolving document and has to be kept updated with changes during the duration of the project.
Amendments shall be agreed by the project team, authorised by the Project Information Manager and
summarised on page 2, ‘Amendment Record'.
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