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1.0 Introduction
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Description automatically generated]Building surveys are crucial to understanding a buildings structure and foundations, inside and out. Building surveys will give the client a detailed report on its price, any current issues of the house and any future issues that may need addressing (Peck, 2023). Building surveys are very important to undertake prior to any property purchase or sale as there could be hidden issues that an untrained eye may not notice. One of the biggest professional bodies of chartered surveyors in the world is the Royal Institute of Chartered Surveyors, also known as RICS. RICS surveyors must follow the codes of conduct that are set out for them, allowing the public to have confidence in their integrity, authenticity, and impartiality (RICS, 2021). Since the use of the Gunter chain (a long chain with certain distance increments) was used, modern surveying has taken leaps and bounds in terms of accuracy and efficiency (Cook Surveying Engineer, 2023). As the complexity of surveying technology increases the risk for errors decreases. This is because most modern surveying technology removes most human error, such as the use of artificial intelligence in a building survey (RICS, 2023). This report aims to outline the newest technology that is used during building surveys and explain how they are implemented into a real building survey. In this instance, the example structure used will be the Burj Khalifa. This structure has been chosen due to the extensive research conducted on the building and its extreme height, making it crucial for surveyors to ensure the structure is secure with no structural issues appearing. Large infrastructural projects, such as The Burj Khalifa, are crucial to maintain and ensure that they are safe for integration. The research will also be taking a deeper look into whether newer surveying technology correlates to efficiency in the workplace and how far modern surveying technology can go before it starts replacing the need for human chartered surveyors. (Umarov, 2018)


2.0 Survey Objectives
During a survey of the Burj Khalifa, it is important to observe any damage to the reinforced concrete of the foundations (Novak, 2023) due to the extreme heat of the United Arab Emirates (UAE). High heat can cause materials to expand and crack (RWA Consulting, 2022), causing damage to the foundations. Another objective of surveying the Burj Khalifa is to examine the integrity of the glass on the exterior. The Burj Khalifa has been designed to withstand windspeeds of upwards of 240km/h (Go Construct, 2024) but the condition of the glass will need to monitored with some of the newest building survey technology. Surveying The Burj Khalifa is a large scope survey. Due to its height and weather conditions, the building can be very difficult to survey. Many specialist digital surveying tools would be used to increase efficiency and speed up the building survey process. Key areas to focus on during a survey is the exterior concrete and windows, the foundations below the structure and the possibility of any weather damage that could affect the buildings integrity. 

3.0- Digital Surveying Tools 
[bookmark: _Hlk185279246]3.1- Thermal Imaging Drones
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Description automatically generated]There are many pieces of surveying equipment that are crucial to surveying skyscrapers, especially ones as large as The Burj Khalifa. One of these is a drone with a thermal camera. Thermal imaging drones are used for buildings where the roof isn’t accessible, which is particularly relevant to The Burj Khalifa. There are many pros and some cons to using a thermal imaging drone in building surveys, one pro being the ability to capture data in places with poor accessibility (RICS, 2023). As well as this, drones can take multiple high quality exterior photos to check for any damage to the structure and detect any insulation issues. Another upside is the speed at which surveying can occur, taking a fraction of the time of manual surveying (RICS, 2023). However, high-quality drones and high-quality thermal cameras can cost thousands of pounds. One of the highest quality drones, the DJI Mavic 3T Enterprise Thermal, can cost upwards of £5000 (Clifton Cameras, n.d). However, for a large firm, a £5000 investment isn’t too large and can is rather cost effective. A Thermal Imaging Drone is very useful for a survey of the Burj Khalifa as the outside is inaccessible and dangerous for surveyors. A drone would allow for a quick scan of the exterior and can create a high quality 3D model of the skyscraper.DJI Mavic 3T Enterprise Thermal Drone. (Juniper, 2023) 


3.2- Handheld Imaging Lazer Scanner (HILS)
[bookmark: _Hlk184994764][bookmark: _Hlk184993463]Another tool that can be very useful to involve in a building survey is a HILS. HILS’s can recreate a 3D scan with high precision in real time, scanning over and under any doorways, windows and around corners (Hexagon, n.d). One of the biggest strengths to using a HILS, such as the Leica BLK2GO (BLK), is its time efficiency. Many HILS’s are [image: ]wireless, allowing for the surveyor to walk and scan oppose to stationary scanner such as a Terrestrial Lazer Scanner (Hexagon, n.d). With the BLK only weighing 775g, it is lightweight and easily transportable with a great degree of freedom for the surveyor to move (Hexagon, n.d). Another strength of using a HILS for a building survey is the accuracy of the 3D models produced. The BLK can capture millions of data points per second, giving a surveyor a highly detailed image (Survey2Plan, 2024). However, it is expensive to purchase the highest quality HILS. The BLK costs over £50,000 with VAT included (G2Survey, n.d). This means that only bigger companies can justify the purchase of this equipment. If a company can afford a HILS, it is highly recommended due to its speed and efficiency during a building survey. A HILS would be useful for the Burj Khalifa as it allows the survey to be much faster which means they can avoid as much visitor interference as possible. However, HILS can struggle with pedestrians walking the building, picking them up in the scan of the structure. Many HILS also struggle with windows, scanning through them and assuming they aren’t part of the building (PointSCAN, n.d).Leica BLK2GO (Davis, 2019)


3.3- Building Information Modelling (BIM)
Another piece of digital surveying equipment that is relevant to a survey of the Burj Khalifa is BIM. BIM is revolutionary in the scope of construction, allowing for detailed 3D models which allow any surveyor to easily visualise the building that they have been asked to survey (Anderson, 2024). A strength of using BIM is that it allows collaboration between other sectors of construction, clients and public (RICS, 2022). This ensures that the survey can run smoothly as all collaborators are fully informed. Furthermore BIM is incredibly accurate, providing a more precise set of data compared to regular surveys, whilst being quicker with less human error (Johnson, n.d). Fewer instances of human error also allows for a more accurate survey as the data is pre-qualified (Johnson, n.d). BIM also allows for greater safety for surveyors, digitally reproducing the environment and allowing for any risks to be identified in the process of design (Biblus, 2023). This means that surveyors can be more time efficient without the need to worry about any safety concerns. However, BIM is a relatively new piece of technology; not being fully understood to some surveyors (Biblus, 2023). While BIM is slowly becoming compulsory in public contracts, it is not used in all private, smaller companies where communication is much easier (Biblus, 2023). This means that it may not be used as efficiently for private projects; possibly causing issues to arise. BIM is a useful tool to include in a survey of the Burj Khalifa as it allows surveyors to manage their time efficiently whilst maintaining their safety. 


4.0- Survey Plan
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Description automatically generated]Before arriving at the survey site, it is useful to have a plan of what to survey and the order of which the building will be surveyed. It is worth gathering as much information about the surrounding area and any previous surveys available to give a good idea of what may be necessary to survey for possible damage. During the building survey, the surveyors main aim will be checking for any changes to its structural integrity and any damage to the building that could be a cause for concern for the safety of its visitors. After the surveyors desktop study, they will survey the outside of the building first (Barnes & Barnes, n.d). This means that the first piece of surveying technology to be used is a thermal imaging drone. This will allow the surveyor to thoroughly examine the exterior of the skyscraper, checking for any structural damage such as cracks or bulges that are a current concern or may develop into one. Due to the height of the building, it is important that minor issues are resolved as soon as possible, as any structural weaknesses can put many lives at risk. When moving inside of the Burj Khalifa, a surveyor would begin at the top and move down (Simon Levy Associates, 2021). The first floor to examine is the 163rd floor, which isn’t open to the public and is largely used for mechanical and maintenance reasons (My Dubai Guide, n.d). Moving downwards, the surveyors will be able to create an internal 3D scan of the structure with the HILS, checking for any cracks in the concrete from expansion. The surveyor will take detailed notes and photos of any concerns regarding the walls, doorways and ceilings. It is also important for the surveyor to take into consideration the safety precautions; checking for any electrical wire exposure whilst ensuring that there is adequate accessibility for escape in the case of an emergency (Barnes & Barnes, n.d). A surveyor would also be required to check corners for any damp or leaks. Due to the heat of the UAE, humidity can form condensation which can escape through walls, possibly forming mould. A surveyor would need to use a piece of equipment called a moisture meter which profiles any damp patches (Hindle, n.d)7250 Compact Moisture and Damp Meter (Gem Scientific, n.d)




5.0 Challenges and Solution
When surveying a skyscraper, there are many challenges a building surveyor may encounter. One challenge for a surveyor is the number of windows in the Burj Khalifa. The HILS struggle whilst scanning reflective and transparent surfaces as it causes incomplete or inaccurate data (PointSCAN, n.d). One solution that surveyors may use is spraying windows with a matte black coating, although is very time consuming and increases the duration of the survey (PointSCAN, n.d). Another challenge is its popularity, with the skyscraper holding over 900 residential sections and can hold nearly 10,000 people at one time (Institute of Civil Engineering, n.d). The worlds biggest skyscraper takes on 17 million visitors a year (Ayaz Zakir, 2023) which averages out to 46,575 a day. This will cause issues as the surveyor must complete the survey during hours that the Burj Khalifa is not busy. However, the Burj Khalifa is open 24 hours for visitors with a reservation which means there will never be a time with no human interference. A solution to this is to complete the survey after sunset due to a large decrease in visitors (Burj Khalifa Dubai, n.d). However, making a surveyor work through the night can be challenging as it causes a rapid change in their sleep pattern. Another problem surveyors may face relates to the external survey. In the UAE, there are a few stages involved in registering a drone for surveying. To fly a drone for commercial use, you must register for an operator training certificate program (OTCP) and register your drone with the Dubai Civil Aviation Authority (DCAA) (UAV Coach, n.d). Surveyors must also consider how close they fly to other buildings as it can be dangerous and interfere with people’s lives. The DCAA could consider it an invasion of privacy and would go against their polices as they state a drone flying can not “harass or endanger people” (UAV Coach, n.d). A solution for this is to ensure that the person operating the drone is highly qualified as it will increase the chances of the permit being accepted. 
6.0 Conclusion
The Burj Khalifa is used as a representation of engineering excellence and perseverance. However, as the building begins to age, surveyors play a crucial role in its maintenance. They are necessary as they can find any issues and give recommendations which can help uphold the pristine nature of the skyscraper. Modern surveying tools are incredibly useful in speeding up the survey whilst remaining very accurate. Although, these tools do have a few downsides. This is why it is incredibly important to use a range of different tools to ensure that any inconsistencies included in the survey are discovered and can be removed, ensuring the survey is accurate and impartial.  
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