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Introduction
Building surveys are a process that involves undertaking a detailed evaluation of the condition of a building through an extensive inspection, where all data would be produced in a stand-alone report.  The primary aim of a building survey is to locate any ongoing deterioration or potential safety concerns. A properly executed inspection can assist identifying concerns such as electrical malfunctions, fire dangers or structural deficiencies that could endanger people. A building survey will also provide a useful insight on the budget required for the building’s maintenance and repairs.
Although historically successful, traditional surveying techniques lack accuracy, speed, and efficiency. Therefore, through the rapid rise of technology in modern times, digital surveying tools are now becoming the primary option when undertaking building surveys. Drones, laser scanning, Building Information Modelling (BIM), and thermal imaging are examples of digital technologies that have greatly revolutionised the industry by providing improved precision, safety, and efficiency. The purpose of this assignment is to plan a comprehensive building survey using digital technology by demonstrating an understanding of the most upcoming digital tools for building surveys in the construction industry, assessing the functions of the digital technologies in a real world scenario and any possible challenges that may arise. 
Survey Objectives and Scope
Objectives
The main objective of the building survey is to evaluate the structural and environmental performance of a mid-sized commercial structure using modern digital surveying techniques in at University of Wales Trinity Saint David’s SA1 Waterfront Campus in Swansea. The initial goal is to evaluate the building's condition and identify structural issues that could affect its safety to people. The second objective of the survey is to confirm that the building complies with relevant energy, safety, and accessibility regulations. This entails assessing the sustainability of the building, including its insulation performance and energy efficiency. After all data has been gathered, the final goal is to provide an accurate three-dimensional digital model of the structure to be compared to the building’s original model designs.
[image: ]Scope
The building that will be surveyed is the Y Fforwm Library at UWTSD Swansea Campus. The building is a pitched-roof library, including a range of open desk areas, lecture rooms, and common areas. Near the ground, the building is constructed with reinforced concrete frames, followed by steel frame construction at the upper levels. On its external façade, the building features brick-cladded walls and large glazing for natural light, and is completed with profiled metal roofing. There are several key areas the building survey will focus on. The first key area is the building’s structural elements which include the foundations, beams, columns and how their individual structural performance. Secondly, the survey will focus on assessing the building envelope, including the roof, external facades and glazing for any defects. The third area is to inspect the internal systems such as the electrical and plumbing systems and their efficiency. Lastly, a key area is to assess the building’s environmental performance which will involve an inspection to the insulation quality, energy consumption and ventilation. 
Selection of Digital Tools and Technologies
The rapid rise of technology in modern times has allowed for advanced digital tools and technologies to be incorporated into the construction industry. There is a wide range of digital technologies that can be used when building surveying. Some examples that can be used in the building survey include Laser Scanning, Drones, and Building Information Modelling (BIM).
Laser Scanning (LiDAR)
Laser scanning (LiDAR) uses laser pulses to measure the dimensions of a building and create precise three-dimensional models. The tool’s excellent accuracy and reliability has made it one of the most used digital surveying technologies in the construction industry. The main functions of laser scanning include mapping the building’s structural elements with millimetre accuracy, recording any deterioration in the structural components or external façade and providing essential information for Building Information Modelling (BIM). Laser scanning equipment comes with multiple advantages. Firstly, the technology captures data rapidly, which allows for a much faster survey time compared to older, traditional surveying methods. Secondly, LiDAR’s great adaptability allows it to survey from a variety of locations, meaning it can collect data from hard-to-reach areas such as high mountains, dense forests and hazardous regions. Lastly, its ability to create 3D models allows surveyors to analyse all aspects of a building prior to any renovation or maintenance. However, there are some downsides to using laser scanning equipment. For example, the use of LiDAR will require skilled operators for the most accurate outcome. Also, the technology can be high in cost which can affect a construction project’s budget.
Drones
Over the past decade, drones have been a highly used technology in the construction industry and are incorporated in building surveys to record great quality imagery from high altitudes. The main function of drones in building surveys is to investigate the upper levels of a structure such as its roof and external façade without the requirement of scaffolding. Drones are also used to assess the thermal performance of a building and its rain collection process. One advantage of using drones is that they are cost-effective in comparison to using scaffolding or other means of accessing high levels of a structure. This also means that safety risks are reduced due to the absence of surveyors to access high altitudes or hazardous zones. However, since drones are only capable of being used in the air, they become vary reliant on the weather conditions. This means that if the conditions are windy or rainy then the drone cannot be used as the risk of it being damaged is too high. Drones can also be reliant on open areas, meaning that they may struggle to access building through narrow urban areas.
Building Information Modelling (BIM)
Building Information Modelling (BIM) surveys have become essential in the construction industry as they allow for extremely accurate digital models of a building and its functional characteristics. Building Information Modelling has many uses such as assisting with consolidating disparate data on sustainability to meet environmental requirements, while also helping streamline processes, drive efficiency and identify opportunities for cost savings. There are multiple advantages of using BIM in building surveys. Firstly, BIM provides great collaboration between all people on the construction project such as the architects, engineers and surveyors allowing for one model to be worked on by all those involved which reduces any confusion and saves time. Secondly, the duration of a construction project can be decreased due to BIM due to the quick and easy creation of digital models that identify potential risks before they even occur. However, similarly to previous technologies, BIM requires investment into training staff to operate the technology. This can increase the time and cost of a project. In addition, the software used for Building Information Modelling can come at a high cost. 
Chosen Technologies
In relation to the Y Fforwm Library being surveyed, it is clear that using all three of the previously mentioned digital technologies would greatly help achieve an effective building survey. The large open space surrounding the building at the Swansea Waterfront allows for an excellent ease of entry for laser scanners and drones to capture the structure from all angles. The laser scanners will quickly identify defects and structural issues from the ground, whereas the drones will collect this data from high altitude. The drones will be equipped with thermal cameras which will help assess the structure’s thermal performance and if it complies with the environmental regulations. Lastly, using BIM will allow for a 3D model that can be access by everyone on the project to analyse the repairs and upgrades needed for the building.
Survey Planning
[image: ]In order to complete a high quality and effective building survey, a well thought through plan must be made. To ensure that the data collection, analysis and reporting is maximised, the building survey should follow a commonly used plan, as shown on the adjacent diagram (Edward A. Noy, 2005), which captures all necessary stages for a successful building survey.  
Pre-Survey Preparation
Before the building survey, it is essential to ensure that it has been prepared properly. Therefore, an effective building survey must be prepared with a defined scope and aims with the collaboration of relevant stakeholders such as project managers and engineers to understand the objective from all angles. After the scope has been established, a detailed investigation of the location where the building situates must be completed. The investigation should analyse important aspects such as the potential hazards, access, history and climate. Lastly, the pre-survey preparation should involve the review of existing documentation such as drawings, historical surveys and previous maintenance records.
Data Collection
Once all preparation is completed, the building survey will be ready to commence on site, where digital technologies will be utilised. The first technology used will be the laser scanning (LiDAR). Laser scanners will be deployed on the surrounding areas capturing high-resolution imagery of the building’s structural components including the columns, beams and walls. Also, the laser scanners will be used to capture images of non-loadbearing aspects such as doors and windows. Next, drones will be used for the higher levels of the building, specifically the roof. With high altitude, the drones will capture accurate imagery of the roof and will be equipped with thermal sensors to record the thermal performance of the building such as its insulation quality. 
Data Integration
After all data has been collected from the building survey, the data will be imported into a Building Information Modelling (BIM) software to create an accurate digital 3D representation of the structure. This software can be used by all those involved in the project to conduct an analysis of the building. By using the building’s digital 3D architectural models that were used pre-construction, a comparison will then be completed to identify any deterioration or defects.
Reporting
The last stage of the building survey will be to produce a report of all information recorded. With visual aid, the report will include a written analysis of what defects or issues were identified in the digital 3D model comparison and thermal performance results. The report will then provide a list of recommendations to the relevant people on the project. The list will include all maintenance and repairs that need to be actioned and any recommended upgrades such as energy efficiency enhancements. The report should be sent to the quantity surveyor on the project so they have all necessary information to estimate the cost for the repairs and upgrades.
Challenges and Solutions
Environmental Constraints
One challenge that is likely to occur during the building survey are the environmental constraints. Adverse weather is very common in Wales meaning the digital technologies, especially drones, will be damaged if used in bad conditions. Damage to the technology used in the building survey will cause a high cost to repair or replace the equipment which can affect the project’s overall budget. A solution to this challenge would be to ensure that the building survey is scheduled during weather conditions with the absence of wind and rain. 
Equipment Costs
Another challenge that can affect the building survey is the cost of the digital technologies. If the budget allowance for the building survey is low, then advanced tools such as drones and laser scanners may not be affordable. A solution to this problem would be to lease or hire the equipment to reduce any upfront costs while still being able to utilise the technologies during the building survey. Also, money can be saved for the purchase of the technologies due to reduced labour requirements through traditional building surveying methods.
Regulatory Restrictions
When completing a building survey using drones, it is possible that aerial access may be rejected due to regulatory restrictions. In urban regions, there may be areas that are inaccessible due to regulations or private land which would prevent the use of a drone to fly over if required. To prevent this, it would be necessary to acquire permits from local authorities prior to the building survey. In relation to safety regulations, adhering to the guidelines for safe usage of drones would be required. Otherwise, the surveyor/company could face legal action.
Surveyor Expertise
Lastly, a challenge that may occur during the building survey process is the operational expertise required to use the digital technologies. Expertise is necessary to complete a building survey that captures accurate data and correctly analyses the requirements for the structure. A solution to ensure the technologies are used by expert operators would be to invest in training programs to provide surveyors with required skillset. Furthermore, it is possible to procure support from external surveyors with expertise, however this may come with an additional cost.
Conclusion
In conclusion, it is clear that the rise in digital technologies has greatly impacted the construction industry and has allowed building surveying to become more efficient with its data collection. With the use of a detailed survey plan, a successful building survey will be undertaken with all objectives achieved. Utilising laser scanners and drones will ensure defects will be accurately identified and the thermal performance of the building will be effectively analysed via the drone thermal cameras. Lastly, the use of BIM will create an accurate representation of the building for the use of all those involved in the project. Although the technologies can come with downsides and challenges, it is evident that with proper planning these problems can be overcome and a successful building survey can be completed.
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