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[bookmark: _Toc185282755]1.0 Introduction
A building survey is a thorough and detailed evaluation of its construction and condition, involving an on-site inspection (Smith and Grose, 2019). Surveys are vital in construction, they provide insights into the structural stability, energy performance and maintenance needs (RICS, 2018). Building surveyors inspect, assess and advise on construction, safety and maintenance needs of buildings ensuring compliance with the building regulations set out in the UK. 
Building surveys have always been essential to construction practises. Even dating back to the construction of the Egyptian pyramids around 2,700 BC, where rope stretchers were used to establish equal lengths (The Survey Association, 2023). However, since then building surveys and their methods have revolutionised. From using rope stretchers, and theodolites to advancing technologies like laser scanning and drones. These new digital technologies enhance accuracy and efficiency with new software’s ability to facilitate comprehensive data collection and analysis, reducing human error (GoReport, 2024)
This assignment will explore the application of advanced digital tools and techniques to building surveys. Using these tools and technologies, the survey aims to highlight their importance in improving the precision and efficiency whilst also discussing some challenges and considerations needed in a real-life scenario. 









2.0 [bookmark: _Toc185282756]Survey Objectives and Scope
[bookmark: _Toc185282757]2.1 Survey Objectives
The survey aims to develop a detailed plan for assessing a commercial building using digital tools. Objectives include collecting accurate data, identifying structural and functional issues and producing detailed documentation. The survey will develop a plan for the use of each of the tools, addressing some of the challenges and benefits of digital technologies in improving the accuracy and efficiency of building assessments. 
[bookmark: _Toc185282758]2.2 Survey Scope
This survey will focus on ‘Y Fforwm’ Building at the University of Wales Trinity Saint David (UWTSD) SA1 Campus. This modern, three-storey library building spans 2,705 square metres featuring a reinforced concrete frame at low level, steel frame for the upper levels with brick-clad walls and profiled metal roofing (NEC, n.d.). The survey will develop a survey plan for the building which will address three main areas. 
Building Envelope- Assess the façade, roofing and insulation to identify the energy performance, thermal efficiency, waterproofing and signs of deterioration.
Structural Integrity- Key elements such as walls, columns, beams will be assessed for any cracks wear or other structural issues.
Building Services- Evaluate the building services and facilities specifically critiquing the efficiency of the HVAC, electrical & plumbing systems.                                                                     









[bookmark: _Toc185282759]2.3 Fforwm Building University of Wales Trinity Saint David.
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3.0 [bookmark: _Toc185282760]Selection of Digital Tools and Technologies
To effectively assess the three targeted areas of the library building, three digital technologies will be utilised: drones, laser scanning and thermal cameras. These tools offer a mixture of capabilities, providing comprehensive data and accuracy.
[bookmark: _Toc185282761]3.1 Drones
Drones, also known as unmanned aerial vehicles (UAV’s), are aerial vehicles that receive commands from a pilot or on software to complete autonomous flights (BBC, 2012). Drones equipped with high resolution cameras allow for aerial photography and close up inspections of a building’s exterior.  The key benefit of a drone is the ability to survey areas that are difficult or unsafe to access, including roofs, eaves and facades. With the further advancements of sensors including ultra-high-definition video, optical and thermal cameras, drones will create a big advantage to this survey (RICS, 2019). 
[bookmark: _Toc185282762]3.1.1 Drone Application
Building Envelope- With the ability to reach difficult areas including around the eaves, roof, and upper facades, high resolution drones will be able to provide clear aerial photography and detailed close-up images to analyse the envelope comprehensively. This eliminates the need for manual inspection, improving safety and efficiency. 
[image: Civil Aviation Authority]Structural Integrity- Drones can be used to assess beams, columns, including their encasements, and externally with high resolution imagery and videography for later assessments. Figure 4- Drone (CAA, n.d.) 




[bookmark: _Toc185282763]3.2 Thermal Imaging Cameras. 
[bookmark: _Toc185279005][bookmark: _Toc185282764]Thermal cameras detect variations in surface temperatures, revealing issues invisible to the human eye (Bedford, 2021). These cameras are key to identifying heat loss, moisture issues, and thermal inefficiencies in building systems.
[bookmark: _Toc185282765]3.2.1 Thermal Imaging Application 
Building Envelope- Identifying heat loss, damp spots and energy inefficiencies of the building envelope. With the added ability of potentially using a thermal camera on the drone, all aspects of the building can be thermally detected including the difficult, hard to reach areas. 
Structural Integrity- Some structural conditions can be identified indirectly. Moisture can be detected in walls or ceilings or other key components and hence the structural integrity would be weakened. Uneven heat transfer can be identified, and this can indicate cracks, or damages to the materials.
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Description automatically generated]Building Services- HVAC systems can be assessed for leaks or uneven performance, plumbing can be detected for hidden leaks, or any blockages and electrical components can be assessed for overheating. Figure 5- Thermography (Bedford, 2021) 






[bookmark: _Toc185282766]3.3 Laser Scanner & Building Information Modelling (BIM)
Terrestrial laser scanning is a technology that uses laser beams to measure distances by emitting laser pulses and recording the reflected signals. It captures millions of data points which can then be processed to create 3D BIM models (TSA, 2022). Laser scanning can be used to identify defects, measure precise dimensions and assess the overall condition of a building. When combined with BIM software, it enhances the visualisation and analysis and will play a big part in the documentation of the survey. 
[bookmark: _Toc185282767]3.3.1 Laser Scanner Application
Building Envelope- Mapping of the entire building envelope producing a 3D model and still images to then assess. Additionally, drones can be fitted with a laser scan attachment, and this can be used to map the entirety of the building.
Structural Integrity- Provides a comprehensive view of the structural components and take accurate measures, where potential issues or cracks are found these can be measured to assess the severity. 
[image: Matterport Pro3 laser scanner]Figure 6- Hand Held Laser Scanner (Skelson, 2023)







[bookmark: _Toc185282768]4.0 Survey Plan & Methodology
As discussed in section 2, the survey plan aims to assess three key areas of the building: the building envelope, structural performance, and building services performance and efficiency using the advanced digital technologies selected. The survey plan will be broken down into the following key stages to ensure a safe and successful survey. 
[bookmark: _Toc185282769]4.1 Pre-Survey Preparation
Before commencing the survey, a preliminary desktop survey would be advised to define the survey boundaries, permissions and potential risks. Permission and advice should be sought from the relevant authorities (Swansea Council and UWTSD). Once approved and risks identified, a preliminary on-site survey would be advised to identify the focus areas and determine any further risks, which must be documented and mitigated prior to conducting the survey.
Prior to commencing the survey, the correct tools and equipment shall be selected. A suitable drone shall be selected with a quality high resolution sensor which is compatible with BIM software, this is vital for the documentation of the survey. A thermal camera shall be selected, which has high pixel resolution for the best accuracy. During the preliminary surveys, the feasibility of a handheld thermal scanner vs thermal drone attachment shall be assessed, based on accessibility. Finally, the appropriate laser scanner with BIM software compatibility shall be selected.  These tools must be calibrated and selected appropriately to ensure compatibility with site conditions to provide an accurate survey. 
The appropriate conditions are crucial for the survey. Conditions such as heavy rain, snow, or wind, can negatively impact the accuracy, efficiency and safety of the survey (Gallie, n.d.). Therefore, it is critical that the conditions are assessed prior to surveying, to plan the correct date. If adverse weather is unavoidable, weather resistant equipment shall be selected, and multiple measurements shall be taken and cross referenced to ensure accuracy. 
[bookmark: _Toc185282770]4.2 Drone Survey Including Thermography
The first recommended tool and survey to be carried out is the drone survey. The drone will be used to assess the building envelope and structural integrity.
The drone should be deployed from the recommended Point A on Figure 7 to scan the entirety of the building. Where key elements should have been found in the preliminary survey, these shall be inspected for close images for use later on. 
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Figure 7-Recommended Drone Pilot Take Off Zone (Digimap, 2024)
As stated in the Civil Aviation Authority code (CAA), the drone must fly safely, responsibly, below 120 metres high and 50 metres away from people. The recommended flying zone ensures adequate space from people and a clear view for the drone’s flight with proximity to the library.
The drone would also then be recommended to complete the thermography survey. The drone shall be deployed in the same area as Point A and cover the entirety of the building envelope including the roof, eaves and high-level facades. Close inspections and images shall be shot in these significant areas for documentation. This will provide a great benefit to the survey, providing information on thermal factors such as insulation defects, or inefficiencies to the difficult areas. 
[bookmark: _Toc185282771]4.3 Laser Scanning & BIM 
The laser scanner shall then be utilised to capture both internal and external data to then create a 3D building model. During the desktop & preliminary survey stages, the site will have been assessed and strategically planned to ensure the key areas of interest are identified. Control points shall be established to act as references ensuring that the scans are aligned. Externally, data points should be captured at every angle of the building. Internally, various pathways and routes should be taken to ensure the entirety is covered, especially the key elements such as building services which should be referenced throughout to enhance the documentation. This data shall then be processed to create the 3D BIM model, by taking many paths and different angles of the building millions of data points will be captured and improve the overall precision.


[bookmark: _Toc185282772]4.4 Data Process & Documentation
Once the survey is complete and all data collected, the 3D model can be analysed to extract the key findings and information. This combined with the thermal imagery, and drone footage ensures a comprehensive data set which can then be analysed to identify the potential anomalies found such as energy inefficiencies, moisture intrusion, structural stability and overall building condition. This data will be comprehensive and time consuming to analyse and extract, so sufficient time must be given for an accurate analysis.
[bookmark: _Toc185282773]4.5 Reporting 
The final step of the survey is to report the findings. The 3D BIM model, along with key images and visuals shall be appropriately displayed to highlight the found issues along with the possible recommendations and solutions. With the vast amount of data able to be collected, this report should be comprehensive and highly informative.
[bookmark: _Toc185282774]5.0 Survey Challenges & Solutions
Throughout section 4, several challenges have already been addressed, this includes:
Weather Conditions- Adverse weather can impact drone flights and thermal imaging accuracy, therefore, careful planning and contingency measures should be in place such as weather resistant equipment.
Site Access & Permissions- Securing approval from the relevant authorities and adhering to the CAA regulations ensuring safety and compliance.
Equipment Calibration- Ensuring the tools utilised are properly configured to ensure accuracy.
[bookmark: _Toc185282775]5.1 Additional Potential Challenges
Accuracy & Human Error- Despite digital tools being highly accurate, improper use can still lead to errors affecting the survey results. Operators must be adequately trained in the associated digital tool and have experience to ensure they are being used correctly. Data should also be cross-referenced for verification.
Cost- These technologies can be costly, especially if purchased or hired for short term/one off projects. Some potential cost strategies include buying the equipment and then renting them out, or potentially looking at budget-friendly models of the tools or using different methods.
Safety Risks- The use of drones, and heavy equipment in populated areas presents a safety risk. Licensed drone pilots must be used and compliance with the UK’s CAA regulations. These operations should be taken in off-peak hours and adequate personal protective equipment (PPE) e.g. high visibility clothing, helmets and gloves should be worn to ensure safety and visibility (RICS, 2018).
Data Processing- As previously outlined, this survey will generate a large set of data. This can be difficult to store, analyse, and find the appropriate technical expertise to interpret and compile this information. Cloud based platforms and BIM can speed up this process whilst allowing for significant storage.
By creating a thorough preliminary survey and desktop plan these challenges can be effectively identified and addressed to ensure the survey conducted is efficient, accurate and safe. 
[bookmark: _Toc185282776]6.0 Conclusion
Overall, advanced digital technologies in building surveys significantly strengthens the efficiency, accuracy and safety. This survey plan for the UWTSD library building uses drones, thermal imagery and laser scanning to assess the targeted areas. 
Key stages included pre-survey preparation, on-site survey, data processing and finally reporting to ensure a structured plan. Key challenges such as weather conditions, access restrictions and safety were identified with solutions proposed to reduce the impact. 
The findings and recommendations from this survey will provide a clear insight into the building’s current condition enabling future recommendations for improvement and maintenance. By adopting these digital technologies, surveys can be more precise, safe and contribute significantly to sustain and maintain modern buildings.
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Figure 2- Y Fforwm Building Side View (Google, 2022
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Figure 1 - Fforwm Building




