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Abstract 
 The Australian population is ever-growing, and with this, so is the distribution of its 

population. Construction in remote areas of Australia is a vital sector of the engineering and 

construction industry, but it comes with its own unique set of challenges. From the perspective of an 

engineer, a large portion of the challenges faced during remote construction revolves around the 

difficulty of not being on site. Engineers have several requirements when it comes to inspection, the 

main being thoroughness in their approach and assessment, thus completion of inspection remotely 

is far from favoured in the Australian construction industry.  

Throughout Australia and the world, the popularity of unmanned aerial vehicles (UAVs) has 

skyrocketed. New models of drones are constantly being developed, so the question becomes, ‘How 

can engineers in Australia utilize this technology to improve construction projects?’ This study aims 

to answer that question.  

Through real-time experimentation and testing, this research proposal has helped to determine how 

accurate drone imaging can be on varying stages and types of construction and whether its use can 

further improve the inspection process for remote areas of construction. Through the use of a low to 

mid-budget drone, several construction sites were visited to collect data, which was then analyzed to 

determine how effective of a tool this technology can become. 

The study also used this experimental data to develop the foundation for future research to gain 

opinions and expertise of industry professionals, being engineers, certifiers, and contractors, to 

determine alternate views on this technology. This was completed by developing a survey for future 

use to outline what industry members think of this technology. Applying the opinions of others 

within the field is expected to better improve the understanding and acceptance that this technology 

presents, as well as outline the struggles it may face within the user operation side of the argument. 

Upon the completion of these 2 datasets, a clear view has been constructed of; 

(A)   What aspects of construction can successfully use unmanned aerial vehicles to complete the 

required visual assessment? 

(B)   How will future research be able to gather professional opinions on the adoption and 

implementation of this technology, specifically how much pushback/acceptance may be expected 

from industry members? A view should be gained on what personal or practical issues may be faced 

for this technology to be further used in structural engineering and construction practices in the 

future. 



The potential benefits of this expansion in knowledge and possible implementation of this 

technology are quite extensive. The implementation of drones for inspections is expected to have a 

major benefit on the efficiency and timeline management of construction progress in remote areas. 

It is also hoped their use can greatly reduce the expenses expected for contractors, engineers, and 

stakeholders, as well as provide a time-saving alternative for engineers themselves, and finally 

reduce the carbon footprint in the construction industry, thus creating a more sustainable and 

efficient industry for our future. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Introduction 

Aim 
The selected research project proposal aims to review and analyze the appropriateness of 

using unmanned aerial vehicles for structural inspections in construction within remote areas of 

Australia. UAV technology is improving greatly from year to year, yet it is not being utilized enough in 

the Australian construction industry, namely in remote areas where the preferred method of on-site 

inspection is difficult or costly. This proposal aims to expand on current knowledge and demonstrate 

how drones could improve the efficiency of a project for engineers, certifiers, builders, and 

stakeholders, as well as use experimental data to lay the foundation for future research with the 

development of a professional survey to garner industry opinion on this technology. 

Background 
Much like the rest of the world, Australia’s population is on a constant rise. The Australian Bureau of 

Statistics reports a population increase of 1,008,939 people between September 2019 and March 

2023 (Australian Bureau of Statistics, 2023). This equates to almost a 4% increase over 42 months.  

As can be seen in Figure 1 below, the majority of Australia’s population resides on the coast of the 

country, but with the constant rise in population, and the vast area of Australia’s landscape, one can 

only expect that residential, commercial and industrial construction requirements in regional areas of 

Australia are going to follow the trend.  

 

Figure 1 – Current Australia Population Data (McCrindle, ABS, 2023) 

Although construction in remote areas of Australia is not a new concept, the efficiency of projects 

can always be improved. In regards to structural & civil engineering, one phase that can be adjusted 



to improve efficiency is the various stages of inspection required to have a structure comply with 

State and National requirements. 

This project looks to assess the accuracy and appropriateness of the use of drones to make certain 

inspection stages more efficient and sustainable in remote areas.    

Problems 
Very little knowledge and data has been collected on the accuracy of drone video and photography in 

the construction environment, with even less data being collected in Australia, thus, the main 

problem this research aims to solve is whether or not a low-mid budget drone is a viable option to 

possibly complete structural inspections remotely. 

The secondary problem that is to be addressed in future research is what acceptance/pushback this 

advancement in inspection methodology could receive from those within the construction 

community. This research will provide a stepping stone into this aspect through the development of 

an appropriate questionnaire and survey that utilizes previous literature and the first-hand 

experience gained through the experimental data collection. 

Objectives 
Objective 1: Accuracy 

Complete experimentation and testing to determine the accuracy of drones as a data collection tool 

within construction projects and inspections. 

Objective 2: Survey Development for Future Research 

Develop an appropriate professional survey and gain the necessary approvals that would be required 

for future issuing to determine professional opinions. 

Outcome and Implications 
The intended outcomes of this research project are: 

1- Gain a further understanding of the potential benefits of using UAVs in construction. 

2- Expand the literature on the accuracy of drone imagery in construction projects. 

3- Determine what types of inspection stages can see drones as a viable tool for data collection. 

4- Provide a stepping stone for future research in determining professional opinions. 

The potential implications that are expected to come from this research are: 

1- To improve the efficiency of construction projects with higher difficulty of in-person 

inspection. 



2- To reduce the expenses that can be caused by engineers required to travel long distances to 

complete in-person inspections in remote areas. These costs may be those of stakeholders, 

engineers themselves, or contractors. 

3- To reduce the loss of time that can be felt by engineers having to travel long distances for 

projects. 

4- To reduce the carbon footprint of the engineering/construction industry. 

Literature Review 

Established Knowledge 

Challenges of Construction in Remote Australia 
 Several studies and journals have been published outlining the challenges faced in 

construction in remote areas. A study conducted by McAnulty & Baroudi outlined a number of these 

issues, first determining that many believe the contributing challenging factors to revolve around; 

- Skills shortage – Attracting skilled workers in general, trade, and managerial roles becomes 

increasingly difficult in remote areas, as working in remote areas is often not an attractive 

alternative to employment in built-up areas of the country. 

- Resource allocation – Equally as difficult as attracting workers, shipping materials long 

distances can increase costs and the risk of delays. 

- Fly-In/Fly-Out and staff personal issues – FIFO work can often create additional concerns of 

worker fatigue and family issues. It is widely suggested that FIFO work “Contributes to higher 

instances of substance abuse, domestic violence, and parenting issues” (Storey 2001, 

McAnulty and Baroudi 2010). 

- Productivity – Remote construction projects are often faced with productivity concerns. 

Leading causes of lack of productivity on such projects include alcohol abuse, homesickness, 

delay/shortage of materials, and environmental factors, such as extreme heat or rain. 

- Infrastructure and communications – Lack of infrastructure in remote areas can lead to 

issues with lack of boarding for workers, minimal close-by materials, and issues with 

communication between the site and stakeholder locations. 

The study by McAnulty & Baroudi aimed to provide evidence to support the above findings. To do 

this, a questionnaire was compiled to have industry professionals with remote construction 

experience rate particular statements regarding issues with remote construction projects. 

The received results from the questionnaire confirmed the original research regarding the issues 

faced in remote construction. The use of a Likert scale for the survey shows that a large majority of 



the surveyed industry professionals agree on the major concerns for remote construction. These 

result tables can be found in Appendix 1.  

The study also had survey participants rank the challenges identified. Figure 1 shows the findings 

with the vast majority of the concern coming from personnel, productivity, and procurement issues 

(McAnulty and Baroudi 2010). 

 

Figure 2 - Ranking of Challenges in Remote Construction Work (McAnulty and Baroudi 2010) 

A case study completed in 2016 supports many of the findings of McAnulty & Baroudi. The case 

study was based on the Ceduna Hospital Redevelopment project approximately 776km from 

Adelaide, South Australia. The project was announced in 2008 and took nineteen and a half months 

to complete.  

Members involved with the project were interviewed to get their opinions on the shortcomings and 

successes of the project. Trade management and site coordination were identified early in the 

project as being vastly important.  A detailed and accurate building program had to be created to 

manage trade schedules and meet construction deadlines (Hay, Zuo et al. 2017). The other major 

issues faced were FIFO scheduling and constraints, material management, onsite morale, and 

keeping to the construction program. Surprisingly, it was found that labor sourcing was not a major 

concern faced, in a traditional sense. Finding tradesmen to complete the project wasn’t a challenge, 

but often trades who specialize in remote work charged a higher rate, thus increasing the cost of the 

project. The challenge was also faced where small works required completion when FIFO tradesman 

were not on site. Interviewers outlined that this was combatted by making use of local trades and 

resources for smaller items that could be completed without the main construction team (Hay, Zuo 

et al. 2017). 



Another report on the factors affecting remote construction was completed by Fien and 

Charlesworth. The article titled “‘Why isn’t it solved?’: Factors affecting improvements in housing 

outcomes in remote Indigenous communities in Australia” focuses on the factors negatively affecting 

the design and construction of Indigenous housing in remote areas of Australia. The major factors 

outlined concerning remote construction are increased price of materials, transportation costs, 

shortage of tradespeople, lack of competition for tendering of work, higher labor costs, and greater 

costs of infrastructure (Fien and Charlesworth 2012). The report focused greatly on further concerns 

specific to Aboriginal communities, such as cultural and socio-demographic concerns. These 

concerns relate less to the issues of remoteness but are worth consideration within future 

construction projects.  

Furthermore, a 2018 study completed by members of The Medical Journal of Australia outlined the 

psychological distress that remote mining and construction workers face in Australia. The 

investigation aimed to ‘assess the prevalence and correlates of psychological distress in a sample of 

remote mining and construction workers in Australia’  (Bowers, Lo et al. 2018). Through the use of an 

anonymous survey, a large number of remote employees across Western and Southern Australia 

provided data and opinions on the hardships and struggles that they encounter with working in 

remote areas. The major finding of the study was that 28% of the surveyed respondents had results 

showing high/very high psychological distress, a huge increase from the 10.8% for the overall 

Australian population. “The most frequently reported stressors were missing special events (86%), 

relationship problems with partners (68%), financial stress (62%), shift rosters (62%), and social 

isolation (60%)” (Bowers, Lo et al. 2018). Survey results tables can be found in Appendix 2 of this 

document. 

Current Inspection Requirements and Procedures in Australia 
 Within Australia, each state and territory has its own building regulations in place. These 

building regulations are based on the requirements of the state-selected Building Act and the 

National Construction Code. The below table notes the regulations and acts that each of the major 

states and territories cite for construction and inspection requirements. 

 

 

 

 

 





clear indication of what construction stages are the most imperative for structural inspections, thus, 

for this research project, excavation, reinforcement, and framework inspections will form the basis 

for data collection and review. 

Current Procedure for Remote Inspections in Australia 
 Currently in Australia, the preferred inspection method for all aspects of construction is 

through in-person, on-site visual review. With this being said, some guidelines have been suggested 

for how certain off-site inspections can be completed. 

In August 2020, in the wake of the COVID-19 pandemic, The Victorian Building Authority (VBA) issued 

a document titled “Guideline for the Conduct of Non-mandatory Remote Video Inspections (RVIs)”. 

The document outlines a guideline approach for the use of video inspection in only ‘non-mandatory’ 

inspection scenarios and accounts only for “practical technology, personnel, safety and procedural 

requirements for RVIs to be conducted and does not consider any further advanced technology 

system (Victorian BuildingAuthority 2020). Importantly, the guidelines denote that RVIs should only 

complement traditional inspection methods on-site, not replace them in any way. ” Adopting an RVI 

may aid in reducing the distance traveled and time savings for inspection, allow consultants to 

appraise construction elements and provide guidance more readily, or provide additional options for 

meeting contractual milestones. These guidelines are designed to aid in establishing RVIs within a 

suite of inspection, consultancy, monitoring and quality assurance services”.  The basic outline put 

forward by the VBA can be found below. 

1- Principles 

a. Remote visual inspections are to be conducted via live feed, through the use of a 

compliant device. Compliant devices must have adequate camera quality and 

a reliable internet connection to allow for a reliable live feed. Meeting platforms and 

schedules need to be determined to allow for recording and viewing of the footage 

from off-site locations. 

b. On-site personnel are to be appropriately qualified in the area of work being 

inspected. Responsible persons conducting RVIs are to do so in a safe manner 

(multiple responsible persons may be required).  

c. The responsible person for inspecting is to effectively direct the on-site operators to 

ensure all required elements are viewed and inspected to allow for an inspection 

outcome determination. 

d. Documentation of inspection results should follow the normal process of an on-site 

inspection. A written determination of inspection results is required. 



In the September following the Victorian Building Authorities issuing of their guidelines, the 

Australian Institute of Architects developed a response document. The institute's response outlines 

several recommendations for revisions to the guidelines, giving a clear outline of the opinions of 

professionals in the industry.  

The first issue/recommendation that the document outlines is that “Governance of the practice from 

a contractual and professional practice perspective is not”. The Institute suggests that the wording 

and language within the guidelines places the burden on the architect, engineer, or surveyor but 

then does not support the authority of these members sufficiently. Much of these concerns stem 

from complications and difficulties that institute members have experienced when requesting to 

inspect building works and aspects (Australian Institute of Architects 2020). “The Guideline should, 

as far as guidelines generally can, promote the importance of non-mandatory inspections and 

promote a right of refusal by the responsible persons to refuse an RVI, redact a scheduled RVI or 

reject a conducted RVI and undertake an onsite re-inspection”.  

Recommendations made by the institute to combat this concern are outlined in Figure 2 below. 

 

Figure 3 - (Australian Institute of Architects 2020) 

With the guideline being exactly that, a guideline only in its youth, the Institute outlined further 

recommendations to make the VBA recommendations a more comprehensive guide, with 

an additional built-in framework considering legislative issues, further determination of what non-

mandatory inspections may be appropriate for RVIs and the requirements of training for those 

operating the remote visual inspection. Figure 2 outlines the recommendations made by the institute 

regarding these issues. 



 

 

Figure 4 - (Australian Institute of Architects 2020) 

Finally, the AIA raised the importance of developing a larger policy framework for all states and 

territories within Australia. As previously discussed, regulations for building works vary from state to 

state, and thus a comprehensive and nationally accepted guideline and framework should be 

considered for remote visual inspections. As per this response, the AIA suggests that “consideration 

be given to developing a national Guideline for Remote Video Inspection within a national policy 

framework as part of the working program of the Building Ministers Forum and/or the Australian 

Building Code Board” (Australian Institute of Architects 2020). 

Use of UAVs in Construction and Inspection 
A group based out of the Hong Kong Polytechnic University completed a study on the 

“Application of drones in the architecture, engineering, and construction (AEC) industry”. Within this 

study, a scientometric review of journal articles published from 1979 to 2021 was completed to 

determine the trends in research into drone usage in architecture, engineering, and construction 

worldwide (Nwaogu, Yang et al. 2023). A market survey was also completed to compile the article. 

The scientometric journal review found that the majority of cited, peer-reviewed journal articles 

came out of the United States. The research showed that of the 16 most cited authors completing 

research on drones in the AEC industry, 11 were based out of American institutions. Following behind 

was Portugal, with 2, and China, Australia, and the United Kingdom with a single regularly cited 

author. 



 

Table 2 - 'Authors whose works are leading drone research in the AEC industry' (Nwaogu, Yang et al. 2023). 

Furthermore, the review was able to determine the main research leading countries into drone 

usage in the AEC industry, by further investigating the overall number of articles and research 

documents produced by 2021. Unsurprisingly again, the United States lead all others by some 

margin. As can be seen in Table 3, China and the UK again lead Australia in several documents 

published within the field.  

 

Table 3 - "Participation of countries in drone research and application within the AEC” (Nwaogu, Yang et al. 2023). 

The article then goes on to research and determine the interest areas for drone application in the 

AEC industry, which provides a very interesting insight into the regional usage and research that has 



been undertaken within the sector. For Australia, the main research interests revolve mainly around 

safety management and the barriers to implementation of drone usage in the AEC industry. In 

comparison, the other regions selected showed a much broader interest demographic in the 

research being conducted. Areas such as risk assessment, digitalization of construction processes, 

and structural assessment have been discussed and researched throughout America, Asia, and 

Europe. Australia was determined to have fallen behind these other areas, as quoted “Unlike in 

Australia, research interests in America, Asia, and Europe have explored drone practicability in 

various areas such as inspection, defect assessment, progress monitoring and site mapping. 

Researchers in Australia could do more empirical studies investigating the use of drones in quality 

management” (Nwaogu, Yang et al. 2023). This can be further outlined within the following figures, 

in which the key research areas for each region were documented and graphically displayed. 

 

Figure 5 - "Regional research interest (Australia) for drone application within the AEC industry." (Nwaogu, Yang et al. 2023). 

 



 

Figure 6 – “Regional research interest for drone application within the AEC industry based on keyword analysis.” (Nwaogu, 
Yang et al. 2023). 

 

Supporting the theory that the majority of drone usage in construction revolves around their 

use as a tool for monitoring inspections for maintenance and preservation of structures is a 

conference paper written by E Ciampa, which outlines the practical issues and benefits regarding the 

use of drones for these types of inspections, making use of 2 case studies to do so. The case studies 

selected were of 2 bridges that were inspected for defects. The first, constructed in 2017, was 

scanned using drone imagery to check the as-constructed dimensions of structural elements. The 

drone was also used to assess the condition. The imagery captured showed an error of 4.7-5.5% to 

the designed dimensions, which were determined to be in an acceptable range. The footage was also 

able to locate a water leak coming from under one of the abutment slabs. The second of the case 

studies was completed on a bridge built in the 1950s. This experimentation aimed to use the drone 

as a safe, fast, and inexpensive inspection data collection tool to determine defects in a much older 

bridge than the first case. The use of the drone allowed for the inspection of elements of the bridge 

without the use of a by-bridge, which would have required more workers to be involved, delays due 

to traffic stops, and additional safety risks. The data collected allowed members to determine major 

interest areas for further inspection and repairs, including a large location where concrete 

degradation was discovered, as shown in Figure 4.  



‘  

Figure 7 - Case Study 2 Concrete Degradation (Ciampa, De Vito et al. 2019)  

With the clear benefits outlined through these case studies, the issues and concerns that can come 

with drone inspections were also touched on as requiring future studies. The conference paper 

determined the main areas of concern with UAVs are; 

- Certain qualifications required to pilot a drone, as well as the required permissions from 

relevant aviation authorities and property owners. 

- Insurance and liability requirements. 

- Mechanical malfunctions. 

- Limited flight times. 

- Weather conditions affecting drone flight and data clarity. 

- Signal requirements. 

- Lack of tactile ability. 

Similar studies and experimentation can be found in abundance through search engines such as 

Google Scholar and Scopus. The table below compiles a number of studies that have been 

completed, determining that drone usage for damage and condition inspections is prevalent and 

effective. 

 

 

 

 

 

 

 







2-  The current set of guidelines for remote inspections are limited to Victorian regulations, 

and non-mandatory inspections and do not include the use of unmanned aerial vehicle 

drones.  

3- Limited analysis of expert opinion on the use of drones for inspections in Australia. 

Acceptance of this technology is expected to be one of the major factors affecting its 

adoption.  

With these 3 major gaps within the current research, the proposed research project methodology 

will aim to further expand the study within Australia, and hopefully improve a major component of 

the construction industry by use of drone imagery and video to inspect structural items. 

Methodology 

Project Parameters 

Scope 
The scope of the selected proposed research project can be summarized by 2 main scope items, 

being: 

1- Data collection. 

2- Data accuracy analysis. 

3- Professional survey development. 

With the first 2 elements, the goal will be to determine the available accuracy of the gathered site 

data thus determining what areas/stages of construction can best benefit from the use of UAVs for 

structural inspections.  

The final scope item will look to the further expansion of this research, with a survey developed and 

reviewed that can be utilized for future research. 

Project Data Collection 

Testing and Experimentation 
 The first major aspect of this research project will be to test the reliability and accuracy of 

drone footage on varying stages and types of construction projects. To complete this task, it is 

proposed that, with the use of an appropriate drone, several construction sites be selected to collect 

data on the varying aspects of a build to compile data and review how accurate and practical it may 

be to use UAVs as a data collection tool for structural engineering-based inspections.  

Analysis of the images and video recorded by the drone will allow for an in-depth analysis of the 

information that can be gained using a drone without having to be on-site during the construction 

process. Once an acceptable number of sites and construction stages are investigated, an assessment 





Other features of the drone include inbuilt electronic image stabilization, advanced sensor 

technology, intelligent autopilot GPS, a 3-axis auto gimble, and a barometric sensor (Zero-X Australia, 

2024). 

 

Figure 8 - Zero-X Pro Pulsar+ Drone (Source: Zero-X Australia, 2024) 

This model drone was selected based on several factors. The first and most obvious is the ease of 

access. Secondly, having already had experience with this model, learning to operate was not a 

concern, with several test flights being completed before the research period. This particular drone 

also serves as a realistic model that many, if not all, organizations could afford to purchase. The 

lightweight and HD footage is expected to be adequate to collect data and suits as a model that 

could be expected to be used on construction sites without the need for excessive licensing and 

training. With drones being so underutilized in construction, a lightweight option was determined to 

be the most accurate to portray a starting point for companies to develop skills and gain data for 

inspections. 

The above-described data collection aspect methods have been selected because they are what is 

expected to allow for a high volume of high-quality experimentation to be completed. It allows for 

efficiency in collecting data for review and final analysis. 

Expert Opinion 

 Stage two of this project methodology is to develop an appropriate survey for future issuing 

to gain the opinions and acceptance that may be expected with the implementation of this 



technology to help with remote construction projects. It was decided that surveys of 2 different 

groups would be required to provide the best demographic of responses. The first survey is to be 

aimed toward those completing the inspections, i.e. certifiers and engineers. The questions within 

this survey will be based on, using their expert knowledge and experience, how effective UAV 

technology could be in certain aspects of inspections. Questions will also aim to see how open 

professionals would be to both purchasing and learning about this new technology to improve their 

corporations and the engineering industry as a whole. 

The second survey form will be aimed at those who would be on-site during the completion of these 

projects, being contractors of different varieties. This survey set will aim to contact builders and 

contractors of multiple disciplines to determine their opinions on drones as a viable inspection tool. 

This will be important, as in remote construction, these are the people who will likely be operating 

the drone and capturing the information for engineer review. Questions will be aimed again at both 

their opinions on how effective this could be, and their openness to develop the skills and 

understanding to possibly implement this technology.  

Though 2 groups will be selected for surveying, the questions asked will be very similar for each 

group. This approach has been adopted to allow for analysis of opinions that, due to different 

involvement in construction projects, have a likelihood to be varying, allowing for a broad opinion 

analysis from different viewpoints to be completed. For the survey responses to best represent the 

construction industry as a whole, it is believed that the survey pool should be diverse in participant 

experience, tenure, and overall organization style. 

The questionnaire is to be set up using the UniSQ survey tool and it is expected that relevant 

approval processes will be followed and completed.  

Limitations 
 There will likely be several limitations faced during the completion of the research projects. 

These limitations can be found below. 

1- Time - One of the biggest constraints in a project such as this is time. Though the exact due 

date for this report is not currently clear, the assumption can be made that all 

experimentation, data collection, analysis, presentation, and report writing will need to be 

done by approximately October 2024, giving a timeframe of roughly 1 year. Timeframes will 

need to be tightly managed so that all required information can be provided to the formal 

report within the allowed timeframe, while also balancing full-time employment and studies 

outside of the research project. To combat this, a project schedule will be developed, which 

can be found further in this report. 



2- Access to Construction Sites - Within the year timeframe expressed above, experimentation 

of the accuracy of drone data collection will require access to construction sites to collect 

test data. Ideally, the construction sites visited would be of a large variety to allow for the 

best spread of the different stages of construction, as well as providing a broad range of 

project types that can be assessed. With the timeframe allowed though, access to a varying 

range of construction sites may be difficult to achieve, as there may not be a suitable site 

within a reasonable distance. The key to this will be to begin investigating possible 

construction sites that may be able to be accessed as early as possible, and thus give the 

best odds for increasing the variety of experiment locations. Current employment in 

structural engineering should allow for ample opportunity to visit sites. 

3- Weather – The use of drones is limited by the weather conditions present on site. Many 

drones have requirements for maximum and minimum temperature and wind speeds at 

which drones can be safely used. Rain also poses a concern, with drones not being operable 

during rain events of any nature. 

4- Drone Selection – There will be some limitations caused by the drone that has been selected. 

The main issues that are seen currently in the collection of data would be lack of battery 

time, though this can be managed as additional batteries are available, and the inability of 

this particular drone to live-stream footage to a meeting service. This though can be negated 

by the fact that experimentation at this stage will be based on the accuracy of footage, which 

does not require livestreaming.  

Project Planning 

Feasibility Analysis 
For a project of this nature, it is important to ensure that all aspects of the report, including 

research, experimentation, analysis, and report writing can be completed within the allotted period. 

Careful consideration has been taken to determine if the time allowed is sufficient to complete the 

project. It is believed that if the items outlined in the limitations section of this document are 

addressed, completion within the time frame should be reasonably achievable. 
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Results and Data Analysis 

Introduction 
The main data collection method is experimentation-based, with the survey development forming a 

secondary aspect of the data collection. The experimentation aims to determine what information 

relevant to mandatory structural inspections can be gained through the use of UAVs, thus applying to 

remote construction requirements. The survey development intends to outline the requirements for 

the professional survey and provide a stepping stone to the collection of professional opinions on 

this technology. Both aspects are very important to determine how appropriate it may be to propose 

remote inspection technologies in Australia, and thus further advance the construction industry into 

the technological age. 

 Drone Imagery Data  
A total of 5 sites were accessed during the course of the experimentation period. Sites were at 

varying stages of construction, with a broad array of complexity in their design and 

construction. Each site allowed for detailed flyovers to assess what footage could be 

gathered with the use of the selected drone. Each site has been detailed in the following 

sections. 

Site 1  

Description 

Site one consisted of the foundation and slab elements for a large commercial shed with a length of 

42m and a width of 20m. The associated slab and foundation design is imperative for a project like 

this, with the large scale of the structure imposing large loads that require transfer to the soil. 

The construction process as follows for the slab and foundations was as follows. 

1- Preparation of soil pad. 

2- Drilling of bored pier foundation holes. 

3- Pier reinforcement placed. 

4- Pier concrete poured. 

5- Slab reinforcement placed. 

6- Slab concrete poured. 

Inspection of the abovementioned items is important for a project such as this, with that large scale 

requiring careful consideration and management.  





 

Figure 10 - Measuring of Bored Pier Depth 

 

 

 

Figure 11 - Tape Measurement Reading 2100mm 

Finally, the first flyover also allowed for the viewing of the cast-in bolts and reinforcement bars that 

are to be placed in the piers. Cast-in bolts are to be placed within the bored piers, tying the portal 

frame columns to the foundations, and the reinforcement bars are to be set within to provide 

additional strength to the concrete. Though these are not within the bored piers, next to each hole, 

the appropriate number of bars and the hold-down bolt systems can be viewed. 









Site 2 

Description 

Site two consisted of the foundation and slab elements for a new mid-scale residence. With 

approximate dimensions of in length of 24m by a width of 11m. The foundation system consisted of a 

raft slab style, with the construction process as follows. 

1- Excavation of foundation beams. 

2- Beam reinforcement placed. 

3- Beam concrete poured. 

4- Slab reinforcement placed. 

5- Slab concrete poured. 

As discussed earlier, inspection of these items is deemed mandatory in all Australian states and 

territories, thus outlining the importance of detailed assessment that the engineering design intent is 

followed. 

 Conditions 

The flight was conducted during 2 low-wind days in close succession. Available sunlight wasn’t ideal, 

with relative cloud cover observed with possible rain forecast later in the day. The site area was well 

maintained, with little to no obstacles in place, allowing for simple piloting from outside of the 

excavation site. 

 Imagery Collected and Analysis 

The initial data collection on the site was completed during the foundation construction stage. Data 

was collected during an approximately 2-minute, 30-second flyover using the Zero-X Pro Pulsar+. 

During this first flight, the excavated foundations and their associated reinforcement were observed 

before the pouring of concrete. Specific details that were observed are outlined below, along with 

screenshots of the footage. 

 

 

 

 

 



 

 

 
Figure 17 - General Layout of Foundation Excavation 

 



Forming part of the inspection requirements for a residential foundation, the contractor’s ability to 

correctly excavate the foundation arrangement is to be assessed, to ensure that the design intent is 

followed and that the number of beams and their spacing is as per the structural design plans. After 

a review of the design plans, the flight was completed to best capture important data that would be 

required to visually assess to complete the mandatory inspection. 

As outlined in the caption, figure 17 outlines a series of stills taken from the UAV footage showing 

the general arrangement of the foundation beams for site 2. Though the stills only provide an 

example of the clarity of the footage, using an initial fly-by, a detailed assessment of the beam 

locations can be completed using the video footage, and thus can allow for confirmation that the 

documented beam arrangement has been correctly followed. 

After the initial fly-over was completed, more detailed data was collected on the foundation system, 

with closer observations made, as shown below. 

 
Figure 18 - Detailed Image of Foundation Intersection 

Figure 18 shows a location where the foundation beams intersect, with reinforcement ‘cages’ 

running North-South and East-West. This imagery captured during the flight allows for a number of 

observations to be made, as outlined below. 

 

 







Site 3 

Description 

Site 3 consisted of the slab stage for a new mid-scale residence. With approximate dimensions of in 

length of 22m by a width of 11m. The foundation system consisted of a raft slab style, with the 

construction process as follows. 

1- Excavation of foundation beams. 

2- Beam reinforcement placed. 

3- Beam concrete poured. 

4- Slab reinforcement placed. 

5- Slab concrete poured. 

As discussed earlier, inspection of these items is deemed mandatory in all Australian states and 

territories, thus outlining the importance of detailed assessment that the engineering design intent is 

followed. 

 Conditions 

The flight was conducted during a sunny, low-wind day. The site area was well maintained, with little 

to no obstacles in place, allowing for simple piloting from outside of the building footprint. 

 Imagery Collected and Analysis 

The data collection on the site was completed during the slab construction stage. Data was collected 

during an approximate 8-minute flight. During this first flight, the slab works and associated 

reinforcement were observed before pouring concrete. Specific details that were observed are 

outlined below, along with screenshots of the footage. 

The first still of the captured video data selected allows for the assessment of several items. Firstly, it 

can be observed that an off-cut of reinforcement mesh has been left within the slab space. To 

maintain the integrity of the slab, it is best practice to have all off-cuts removed before pouring. The 

image also allows for the assessment of 2 different reinforcement mesh lap techniques, as 

highlighted in blue. Mesh lap is an important factor in the construction of concrete slabs, and the 2 

methods observed can be assessed using the captured footage. Finally, this image shows a good 

representation of what is known as ‘starter bars’, as indicated in green. These are the reinforcement 

bars that tie the slab to the footings. Though their size and spacing cannot be determined, 

reasonable assumptions can be made, as can also be said for the reinforcing mesh. 





accompanying this is a wet area where the appropriate corner bars have not been installed. The 

drone data has allowed for the assessment of these areas and their appropriate reinforcement. 

Figure 23 also provides some insight into the mesh requirements in these ‘setdown’ areas. Due to 

the slab being lower in these areas, the slab mesh must be lowered by the same amount to allow for 

the slab cover to be maintained. A basic sketch showing what this detail may look like can be found 

in Figure 24. The footage allows for a basic visual inspection of the mesh, with it being relatively 

reasonable to assume that a lower level of mesh has been placed (as shown in blue) and the 

required lap has been achieved. Figure 15 also provides a clear view of the slab mesh supports, 

known as ‘chairs’ as highlighted in yellow. These chairs ensure cover is maintained to the 

reinforcement steel. Finally, figure 23 below also allows for the observation of appropriate formwork 

to the outside of the slab. 





Finally, the abovementioned site 3 stills show numerous examples of the condition of the 

waterproofing that is required for this type of project. As is a requirement for residential slabs, a 

waterproof membrane is to be placed under the slab to protect the slab and reinforcement from 

rising damp. Waterproofing and protection are also required for all pipes installed in the slab. Both 

these items can be assessed using the recorded drone footage. 

 

Figure 25 - Suitable Membrane Condition and Pipework Protection 

 

 

 

 

 

 

 

 



Site 4 

Description 

Site 4 consisted of footage capturing of an in-situ timber framed ‘farm shed’. With approximate 

dimensions of in length of 20m by a width of 9m. The structure consisted of an entirely timber-built 

frame of columns, trusses, purlins, and bracing. 

This site allowed for a view of what data can be captured for framing elements of a structure, with 

frame inspections being a vital stage for most structures. 

 Conditions 

The flight was conducted during a sunny, medium to high wind day, with the wind proving to be an 

obstacle, wanting to push the drone away from the intended flight path. The site area was well 

maintained, with little to no obstacles in place, allowing for simple piloting around and within the 

building. 

 Imagery Collected and Analysis 

Data was collected during an approximate 2.5-minute flight. During this first flight, the members and 

the varying connections were observed, as outlined in the below stills taken from the flight. 

From the still, in Figure 26, it can be observed that the building is constructed using several timber 

trusses, spaced evenly with timber battens or purlins spanning over the top of them to support the 

roof sheeting. 

Looking more closely, several other important structural elements can be observed. As outlined in 

green, it appears the building has been fitted with tensioned metal straps to the underside of the 

roof battens. These are an important structural element as they provide rigidity to the building. 

The next items that can be viewed are the varying connections of the trusses. Truss connections are 

made up using metal plates and varying bolts. Though the thicknesses and bolt sizes cannot be 

observed, the number of bolts and plate arrangements are quite clear in the captured footage. 











 

Figure 32 - Flybrace 

Figure 33 allows for assessment to be made on the purlin lap and bolt arrangement. As is often a 

requirement of the purlin manufacturers and the designer, purlins, and girts are to have minimum 

lap over portal frames and requirements for bolts at connections. Figure 33 allows for an estimation 

of what lap has been provided and which bolts have been installed, the bolt to the bottom flange 

and a bolt to the top of the web. 

 

Figure 33 - Purlin Lap and Bolt Arrangement 

The next visually assessable aspect of the shed frame is the connections. Through careful piloting of 

the drone, footage could be captured of the major connections for the portal frame. As seen in 

Figure 34, the apex connection of the portal rafters is made up of folded metal plates between the 

back-to-back portal rafters, with six bolts to each rafter. Unfortunately, due to the nature of the 

connection and the drone’s inability to determine small measurements, plate thicknesses, and bolt 



sizes could not be assessed, but the general arrangement can be easily viewed. Importantly, the 

number of bolts can be viewed and assessed as sufficient. Similar can be said for the rafter-to-

column connection shown in Figure 35. 

 

Figure 34 - Apex Connection 

 

Figure 35 - Rafter to Column Connection 



Survey Development 
Being the secondary scope item of this research, the development of the appropriate professional 

survey was completed and finalized after the drone experimentation. It was determined that the best 

method to appropriately collect future professional opinions would be to break the survey into 2 

sections, a questionnaire, followed by a Likert scale selection portion in which scenario suggestions 

are given a rating of strongly disagree, disagree, neither agree nor disagree, etc.  

In order to develop this survey, a number of key question areas were developed to better build 

appropriate survey questions and scenarios. The key query areas developed for the survey are 

outlined below. 

1- Remote construction projects and the concerns that they present. 

2- Difficulties with the inspection process for remote construction projects. 

3- Remote video inspections in construction. 

4- Use of drones in construction. 

5- Use of drones for structural inspections. 

6- Openness to the use of drones for inspection. 

7- Safety concerns/requirements. 

The drone experimentation also allowed for further development of the survey questions. With first-

hand experience of drone usage on a construction site, additional questions were developed for the 

survey. Items that the experimentation outlined for survey development include, but are not limited 

to: 

1- Whether organizations would be willing to provide members with the required training to 

operate a drone on site. 

2- Whether industry members have confidence in completing a structural inspection remotely 

using a drone. 

3- What specific stages of construction would benefit from the use of drones for remote visual 

inspection? 

4- Whether drones for progress monitoring could reduce delays in the remediation of defects. 

With these aspects developed, the survey was built, using the required survey tool. Some example 

questions that were developed can be found below, with the full survey forming Appendix 7. 

“Have you or your organization been required to complete engineering services on construction 

projects in remote areas of Australia? Note: remote also includes areas that may simply be large 

distances from your area of operations.” 



“During construction, were there difficulties in completing required inspections i.e. scheduling issues, 

organizing transport and accommodation etc? If so, please list.” 

“Did you complete any remote video inspections during the construction process?” 

“How familiar are you with the use of UAVs (Unmanned Aerial Vehicles) in the construction 

industry?” 

“Have you ever used UAVs for structural inspections in your projects? If yes, could you describe the 

experience?” 

“Do you believe the use of drones for RVIs would be practical for structural inspections?” 

“Would you be open to receiving training or resources to increase your understanding and usage of 

UAVs for inspections?” 

Several example Likert scale scenarios can also be found below. 

 

 

 



 

 

 

With the survey questions developed, the next requirement is to complete the relevant ethics 

approval documents and application.  This application formed the basis to ensure that the survey 

does not present any ethical concerns. The application required additional information to be 

provided based on items including conflict of interest, participant protection, benefits, risks, and data 

storage. Several separate documents were also created and attached to this application, including a 

survey information sheet and introduction email so the information within them could be reviewed 

and approved. All of the abovementioned items can be found in the appendices of this report.  

 

 

 

 

 

 

 

 



Experimentation Discussion 
With drone footage captured and analyzed, it can now be determined what information can be 

observed for the particular sites and their stage of construction. In order to do so, important aspects 

of the varying inspection types have been isolated with an outline of to what degree these aspects 

could be viewed in each site. These results can also be summarized in Table 8. 

 Excavation Condition 
The excavation condition is an important factor to consider when inspecting slabs and foundations. 

The condition can relate to the overall layout of the excavation, the condition of the soil after 

excavation, formwork, and even the weatherproofing of the excavation. 

As noted in Table 8 and throughout the results section of this report, sites 1,2, and 3 allowed for 

assessment of the excavation condition, with beam locations confirmed, areas of concern in terms of 

cave-in outline, establishing of membrane within the slab, and correct placement of formwork. 

Sites 4, 5, and 6 are framed sites, no insight could be gained concerning excavation conditions. 

 Excavation Dimensions 
Excavation dimensions are extremely important when completing inspections for foundations and 

slabs. Improper dimensions could have catastrophic repercussions on the structural stability of the 

project.  

Site 1 provided particular insight into the effectiveness of the Zero-X drone's ability to capture the 

measured dimensions of the bored pier holes. Similarly, site 1 allowed for the viewing of areas of 

interest within the slab, with the footage being clear enough to determine where slab thickenings 

had been placed.  

Using a similar method, assessment of the foundation depths, widths, and beam spacings for site 2 

could also be assessed and recorded with the use of the drone. Slab depths could also be recorded 

from site 3 with the use of the Zero-X drone. 

Sites 4, 5, and 6 were not applicable in recording excavation footage. 

 Reinforcement Placement 
During foundation and slab inspections, ensuring proper placement of reinforcement is vital. In this 

instance, placing refers to several items within the slab or foundation systems. The items that require 

review include, but are not limited to; 

1- Correct number of bars placed in the foundations. 

2- The correct lap of reinforcement at joins, intersections, and corners. 



3- Correct cover to the steel reinforcement. 

4- Appropriate slab protection bars at re-entrant and wet area corners. 

5- Starter bars to tie the foundations to the slab. 

6- Additional reinforcement for slab thickenings etc. 

As outlined within the drone imagery data analysis, sites 1, 2, and 3 all allowed for the 

abovementioned items to be viewed. Some contention can be made regarding the cover to steel 

being visible, but appropriate chairing of the steel could be viewed, so there is a basis on which 

confident assumptions can be made. 

 Reinforcement Size 
One of the most important factors in slab and foundation inspections is reinforcement size, which 

must be closely assessed and analyzed. It was found that, due to the often minimal size of 

reinforcement bars and mesh, drone usage was not appropriate for confirming reinforcement sizing. 

Considering sites 1, 2, and 3, the footage collected was not clear enough to make accurate 

determinations of the size of reinforcement. Measuring the bar’s sizes for the drone to then be able 

to see the measurement was a far too difficult and risky task, with the need to get extremely close to 

the drone to allow footage of bar sizes to be captured. 

 Reinforcement Spacing 
Spacing of reinforcement is vital to ensure the strength of concrete structures is achieved. Similar to 

the methods used to determine reinforcement depth, reinforcement spacing could be measured 

during inspection using a UAV. Using the drone as an assistant, measurements of bar spacing could 

be achieved, with the measurement taken and shown to the camera for capture. In the sites selected 

though, spacings of reinforcement, such as ligs and starter bars, spacings were relatively large, being 

between 500-1000mm, thus reasonable assumptions could be made when observing the entire 

footprint. In scenarios where smaller spacings were used, measuring and estimation of the spacings 

may be a more difficult task, as will be outlined within the limitations section of this discussion. 

 Framing Placement 
As indicated within the drone imagery data analysis, the placement of structural framing members 

could be assessed using the drone footage. Counts can be easily completed to determine that the 

number of members installed is correct and their locations are reasonably accurate. This applies to 

items such as, but not limited to, columns, rafters, braces, purlins, girts, and bridging. All of these 

items could be assessed for correct placement using the selected Zero-X drone. The condition of 

elements could also be viewed using the drone, as conditions like rust, timber splitting, or major 



damage could easily be viewed, depending on the extent, based on the experimentation at sites 4 

and 5. 

 Framing Sizing 
Unfortunately, measuring framing member sizes was not easily achievable through the use of the 

drone. Due to the small measurements required, safety would be the main factor in allowing for 

members to be measured and easily viewed by the camera. This is an important aspect of structural 

inspections, but current technology and comfortability with the selected drone did not allow for this 

to be assessed. 

 Framing Connection Arrangement 
Connection arrangement is another very important aspect of structural frame inspections. Things to 

be assessed under the topic of framing arrangement include the number of bolts, their locations, 

plate installation, and connection condition. As can be shown from the footage at sites 4 and 5, this 

can be easily assessed with the use of the Zero-X drone, with clear images showing the number of 

bolts and screws in connections, and showing the correct location of connections. A clear view can 

also be gained of the overall condition of the connection. 

 Framing Connection Sizing 
Similarly, with the sizing of members, it is particularly difficult to assess the sizes and dimensions of 

connections through the use of drone footage. The ability to fly close does allow for some 

estimations to be made, but accurately determining plate sizes and thicknesses, bolt sizes and 

spacings, and screw specifications was not possible, as the safety of those measuring these elements 

and presenting them to the drone could not be guaranteed at the current level of experimentation. 

 Defects 
Within all the abovementioned components of structural inspections, the main concern that needs 

to be eradicated is defects. Defects can have several forms within a construction project and can 

range from minor to catastrophic. Though the sample size is small and not a significant number of 

defects were present, the reviewed sites create a good baseline for what defects can be detectable 

through the use of a drone for remote inspections.  

As discussed within the results and analysis section of this report, sites 1, 2, and 3 did have some 

defects detected, though only minor. The footage captured from the selected drone was able to 

locate off-cuts within the slab area that required removal before any pouring. Missing reinforcement 

could also be detected upon close examination. 

Though sites 4, 5, and 6 did not have any major defects identified during the flights, it is quite easy to 

imagine that they would be able to be located. The footage gathered at site 4 provides insight into 



the accuracy of footage that can be obtained from a timber-framed structure. As no specific defects 

were present, only assumptions can be made about what would be detectable from the footage if it 

were present. For a timber structure such as this one, timber condition is an important factor. As can 

be seen in the stills within the analysis section of this report, it is believed that should it be required, 

the drone footage would prove to be effective in denoting particular damage or poor condition to 

the members. It is suspected that defects such as timber splitting or warp would be detectable with 

the use of the drone. Closer inspection of members within the higher portions of the structure could 

also be observed, proving beneficial for structures in which standard ladders may not be high enough 

to reach all locations.  

Another defect that may be present within a structure such as the timber frame farm shed at site 4 

would be missing members. The evidence and footage provided by the flight at site 4 outlines that if 

there were to be members missing, they could be detected during the remote inspection, as all 

members. Counts could be completed on the number of trusses and webs, number of battens, 

columns, and even brace sets. Strap bracing could be detected during the inspection, and therefore 

any missing strap would be quite clear to the viewers completing the flight. 

Similarly to the timber-framed structure observed at site 4, missing structural elements would be 

quite obvious in the site 5 and 6 structures. With these structures being more of a kit nature, missing 

elements are quite unlikely, but in the off chance that something was to be missed by the contractor, 

it is expected that the drone footage would have the capability to capture and flag the defect. 

Missing elements may even extend to missing bolts or plates, as the footage clearly shows that these 

items can be viewed and assessed.  

 

 

 

 

 

 

 

  



 Recommendations for Drone Use for Remote Construction Inspections 
As outlined within Table 8 and the discussions above, experimentation with the use of drones for 

remote structural inspections has allowed for a comprehensive preliminary analysis of the 

appropriateness of their use, and as such, recommendations can be made on what construction 

stages can benefit from the use of UAVs.  

Structural Element Site 1 Site 2 Site 3 Site 4 Site 5 

Excavation Condition ✓ ✓ ✓ N/a N/a 

Excavation Dimensions ✓ ✓ ✓ N/a N/a 

Reinforcement Placement ✓ ✓ ✓ N/a N/a 

Reinforcement Size    N/a N/a 

Reinforcement Spacing ✓ ✓ ✓ N/a N/a 

Framing Placement N/a N/a N/a ✓ ✓ 

Framing Sizes N/a N/a N/a   

Framing Connection Arrangement N/a N/a N/a ✓ ✓ 

Framing Connection Sizing N/a N/a N/a   

Defects ✓ ✓ ✓ ✓ ✓ 
Table 8 - Structural Inspection Aspects Viewable with Drone 

  Remote Slab and Foundation Inspections 
As evident from the results and discussion within this report, experimentation with the use of drones 

for slabs and foundations was very beneficial. A significant amount of important information can be 

gained with the use of a drone flight during construction, with essentially all aspects measurable and 

assessable during a well-completed drone flight. 

This can greatly benefit the construction sector in remote locations of Australia, as the need for 

engineers and inspectors to travel to site can be reduced through the use of regular pre-pour fly-over 

inspections.  

It is not suggested that UAV-operated inspections should, or can, replace in-person inspections at the 

current stage of drone technology, with on-site visual inspection still providing the most effective 

manner in assessing slab and foundation construction, as well as being the most direct method for 

communicating requirements to complete construction. But, as is clear from the footage gauged 

through the completion of this report, the opportunity is there for drones to streamline the 

construction and inspection process. 

To outline how this streamlining could be achieved, an example scenario has been created to outline 

how a possible foundation and slab construction could benefit from the use of drones for inspection. 

Example scenario: A large-scale residential warehouse is being constructed in a remote area of 

Queensland. The warehouse is to be used as a packing and distribution facility for local agricultural 



produce. As this warehouse is going to be serving as a place of employment for a large number of 

workers, structural integrity is of major importance. 

The first stage of the construction is the drilling of several bored pier foundations. Inspection of these 

piers is required to ensure the design depth has been reached. With a single, or even 2-man team, 

and drone flyover of the foundation footprint could be completed, with a live link of the footage 

being transmitted to the inspection team via Microsoft Teams or a similar program. This would allow 

for the inspecting team to be able to both view the footage live and provide instruction to the pilot 

on-site to observe areas of interest, for example, “Manoeuvre the drone to the North-East corner of 

the footprint. Once in the location, face the drone South and sweep the drone West to capture the 

layout of piers so that a count can be completed”. This is an added benefit that standard video diaries 

and pictures cannot provide, as it allows the inspector to be confident that they are seeing exactly 

what they want at a particular location. During the flight, instruction is provided for one of the 

members of the team to measure each bored pier’s depth and demonstrate the correct depth has 

been reached. Depending on the reinforcement required for the piers, the inspection of pier holes 

could be entirely completed via the drone remote inspection, with enough information available for 

the inspection team to provide approval to pour. 

The next stages, being foundation beams and slab, may prove a little more difficult to fully complete 

remotely. Depending on the pouring sequence and design, similar methods to the above can be used 

to assess the placement of reinforcement for any foundation beams and slabs within the warehouse, 

but the sizing of reinforcement does become difficult to assess, as is evident from the completed 

experimentation. This inspection may still require an on-site visit to finalize and approve pouring, but 

regular flights during the construction phase would serve as a tool for early detection of defects. 

From start to finish, laying of reinforcement could take multiple days, and if regular flights are 

conducted to review the progress of the construction remotely, it would be easy for the inspection 

team to flag any items that need addressing before the final in-person inspection. This ability to 

rectify issues would be beneficial, as it increases the chance that the final in-person inspection can 

be completed quickly, with the construction crew having already been alerted to and able to rectify 

issues before the inspector or inspection teams’ arrival on site and reducing the need for rectification 

works and reinspection. This could drastically streamline the process and mean the inspectors could 

be off-site possibly within the same day, reducing any lost time on other projects that couldn’t be 

completed during the inspection period and allowing construction to continue as per schedule. 



An added benefit that the drone remote inspection method provides is the ability to record the 

virtual inspection, removing the possibility of he said / she said arguments if disputes are to arise. 

Recorded inspection can also allow for re-evaluation and review if required at a later date. 

As shown in the example scenario, for concrete inspections alone, drone remote inspection and 

progress monitoring has allowed for what would usually be 2-3 onsite inspections, to reduce to quite 

possibly a single final in-person review.  

  Remote Frame Inspections 
As was evident during the experimentation, frame elements were more difficult to assess with the 

drone. Certain aspects could be viewed, but framed elements often have significantly smaller 

elements and features that need to be reviewed. This was found to be difficult to confidently 

complete with the drone. General layout and framing placement would certainly be viewable, but 

specifics on connections would not be easily confirmed through the use of the drone. Again, it is 

unlikely that drone remote inspections could replace the confidence gained through on-site 

inspections for framing, but the likelihood of benefits is present. 

Using the same example scenario, with the large warehouse to be framed with large steel portal 

frames, wall girts, and purlins. Typically, these types of structures would have particular bays braced 

for wind racking. As was found during the site 4 flight, the framing placement could be easily viewed 

and assessed with the use of a drone. Portal frame locations could be identified, a count could be 

completed on the number of girts and purlins installed, bracing locations identified and even purlin 

and girt bridging could be confirmed. 

Similarly, with the foundation aspect of the example scenario, it is expected that the details involved 

in framing inspections are too small to be easily assessed in full with the use of the drone, but 

similarly again, with the use of regular staged flights during construction, drone usage would greatly 

benefit progress management of a project to detect defects before final in-person inspection. The 

turnaround and efficiency of any final onsite inspection could be easily improved through the use of 

construction monitoring via drone, reducing any wait time on approval to proceed/finalize 

construction.  

 

 

 



Conclusion 
 The major goal of this project was to determine if drones are a viable tool to allow for remote 

structural inspections, namely to allow for additional ease in construction in remote locations of 

Australia. The use of drones in the Australian construction industry is lacking compared to the rest of 

the world, and this study aimed to determine whether the advancement in technology is adequate 

for Australian construction scenarios.  

Through the use of a Zero-X branded lightweight drone, experimentation has allowed for a clear view 

of what aspects of construction projects can be assessed through the use of a low to mid-budget 

drone.  

The area deemed to most benefit from the use of UAV-completed inspections is the foundation and 

slab stages of a construction project. The experimentation provides valuable insight into the 

assessable items through the use of a budget drone, and the majority of inspectable aspects involved 

in foundation and slab construction could be identified with the use of the drone. These aspects 

being the excavation condition, dimensions, reinforcement placement, and reinforcement spacing. 

Though exact measurements may be difficult to assess, with the help of reasonable estimations and 

experience, these items could be analyzed. Sizing of smaller elements, namely reinforcement sizes 

was deemed too difficult to achieve with the current technology and skill levels. 

Structural framing assessment was less successful, and it is believed that further research and 

technological advancement may be necessary to allow for drone inspections to be a viable 

alternative to in-person frame inspections, but this research has allowed for further insight into how 

effective drone inspection/project monitoring can benefit construction projects. 

Additionally, it is quite clear from the results of the experimentation that drone-gathered footage 

and inspection is an excellent way for off-site personnel to complete progress management and 

outline possible areas of interest prior to formal inspections. 

The secondary goal was to provide advancements and an introduction to future research through the 

development of the professional industry survey. Though the survey wasn’t issued as a part of this 

report, the research involved in developing the survey provided valuable insight into the questions 

that will best highlight the opinions of those in the construction industry on the adoption of this 

technology. The seven query areas were developed to allow for the best level of responses to be 

achieved. 



The survey's construction also provided valuable insight into the processes required for survey 

development. These processes will be extremely beneficial to future research if, for example, survey 

questions need to be revised and/or new ethical approvals need to be gained. 

It is strongly believed that this research has allowed for further insight into the possibilities of drones 

currently being underused in the Australian construction industry and has allowed for extension into 

future research on the topic. 

 Limitations 
During the course of the experimentation, there were several limitations and hurdles discovered for 

the use of the selected drone for data collection and retrieval, which could be detrimental to the 

effectiveness of UAVs for remote inspections.  

Drone Selection 
Though the drone used for the experimentation was deemed acceptable to record the required 

information, it did come with its limitations. The first limitation noted for this drone was that it 

cannot livestream footage to conference apps such as Microsoft Teams or Skype. This is detrimental 

to the drone’s ability to complete such virtual remote inspections, but as the main focus of this 

research was based on footage accuracy, the limitation did not affect the experimentation. It does 

though rule out this model of drone for use to complete mandatory structural inspections remotely. 

Although not a concern when completing this experiment, the selected drone does have a relatively 

short flight time of 28 minutes. All flights completed during experimentation were much shorter than 

this. Large-scale projects may require much longer flights in order to give inspectors the confidence 

to accept the methodology of drone complete inspections. This can be combated with additional 

batteries should longer flights be required, but if this is not possible, flight times for the selected 

drone should be confirmed as adequate before implementation. 

Removal of tactile ability required for inspection 
During the analysis of the footage, it was quite clear that one of the major limitations of RVIs in 

general was the inability to have tactile interaction with inspectable items. Being able to touch 

members and elements of a structure is a very important part of the process. This can relate to 

checking that bolts are correctly tightened, bracing is appropriately taut and reinforcement is 

appropriately supported and tied. Typical RVIs may be able to combat this by recording someone else 

completing these tasks, but member safety may become compromised if this approach is taken 

during drone-completed RVIs.  



Inability to safely assess elements that require small measurements  
Similarly to the point above regarding tactile inspection, drone RVIs also make it more difficult to 

assess members and elements that require small measurements, such as bolt and reinforcement 

sizes. Safely recording these measurements proved difficult, as it required getting quite close to the 

drone during its flight. There was also the opportunity to, due to the small size of measurements, 

easily compromise the value, as close inspection of the measurement taking could not be completed. 

Future research may be able to combat these limitations through the use of further advancement in 

drone technology, particularly with drones that can be fitted with additional scanning software that 

may be able to provide accurate measurements of small structural elements.  

Weather 
As was discussed with the footage results and analysis, all but site 4 were visited on calm weather 

days. Site 4 gave valuable insight into how adverse high winds could be to the completion of a 

remote inspection using the drone. Winds did make flying somewhat more difficult, with the 

requirement to occasionally land the drone until wind gusts retreated.  Clearly, with the size and 

power of the selected drone, wind speeds could result in inspections not being possible at a 

particular site. This is an aspect that would need to be considered for possible future implementation 

of this technology. All drone manufacturers have recommendations for maximum wind speeds in 

which operation should occur. These guidelines will need to be strictly followed if this technology is 

to be adopted. 

Unfortunately, weather also played a part in the number of sites that could be visited throughout the 

duration of this research project. Additional sites were expected to be captured, but rain events 

resulted in the cancellation of the use of the drone. The current development in drone technology 

does not allow for operation during wet weather, and thus rainfall must be a factor to consider when 

performing inspection with the use of drones. Additionally, drone manufacturers do not recommend 

flights be performed during high temperatures and storage of batteries in high-temperature areas 

can result in defaults in the drone, so temperature can also be detrimental to drone performance 

and adoption. 

Though this is seen as a limitation to the research experimentation, weather-related issues can also 

affect in-person inspection, with the cancellation of an in-person inspection likely proving more 

costly than rescheduling a drone-completed assessment. 

File Sizes 
An unexpected limitation that was discovered during the experimentation period was the large file 

sizes of the drone footage. When downloading the footage, it was found that some of the files were 



over 5 GB. This made downloading from the relevant drone app quite difficult and time-consuming. 

The large file size could become a concern for future organizations, as download limits may apply and 

sharing of the footage can be quite difficult with a large file size. Any efforts to reduce the sizes may 

result in poorer video quality. Organizations would need to factor this into their planning for file 

storage of drone-captured footage. 

Flight Skill 
The flyability of the selected Zero-X drone was quite simple when considering large, open-air sites, 

but during the frame inspection experimentation, it became quite obvious that a high level of skill 

was required to safely maneuver the drone in tights spaces, particularly between trusses and close to 

roofs and walls. To have high confidence in operator and bystander safety during remote inspection, 

it is expected that operators would need to ensure that appropriate flight training has been 

completed, as the damages that could be caused due to poor operation could be quite severe.  

 Future Research 
With the limitations discovered through the experimentation period, several areas of future research 

were identified. They are noted below as follows; 

1- Professional Survey – As was discussed previously, unfortunately, the constructed survey 

could not be issued to review industry professional opinions on the use of drones for remote 

inspection. This would be a valuable area to explore in the future. 

2- Drone Selection – Future experimentation with more advanced drone models would further 

benefit the research into drones for remote inspections. A particular feature that would be 

beneficial would be a drone that is capable of sharing live footage with a professional 

streaming service, thus the effectiveness of live assessment could be further investigated. 

Drones with better camera technology and more advanced software could also be utilized, 

with the possibility of laser scanning technology being utilized. Finally, more advanced 

drones can allow for predetermined flight plans to be created and followed, which could 

likely improve the overall accuracy and ease of footage capture. 

3- Additional Projects – Future research and experimentation could be completed into varying 

projects in the construction industry to further gauge the appropriateness of drone usage. A 

larger and more diverse sample group would further develop the research. Projects such as 

high rises, retaining walls, and residential framing projects could be analyzed to determine if 

drone footage is appropriate. 

4- Safety Analysis – A further improvement that can be made to future research is to complete 

an in-depth analysis of the safety benefits that the use of drones for inspection may present. 

Workplace health and safety is a very important aspect of construction, and the use of 



drones could serve as an effective tool to improve the safety of inspecting agents. If drones 

are found to be accurate, the amount of high-risk maneuvering can be reduced, particularly 

work at heights. 

5- Improved Analysis of Drone Accuracy – Further developments in the approach taken to 

assess the accuracy of drones may allow for improved outlining of drone accuracy for use in 

construction inspections.  The analysis could use numerical data and statistics to better 

display the results a further improve the data analysis. This would likely mean a larger 

number of sites would need to be assessed to best represent the results numerically. 
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including purpose, risks, benefits and referral services.

Participant Information Sheet

If you are not using a Participant Information Sheet (or similar), how will this project be 

communicated to participants?

Will participants be referred to support services?

No

Consent

Are these participants able to consent for themselves?

Yes

Will participants be fully informed about the true nature of the research?

Yes

Consent type

How will you obtain consent from this group of participants?

Implied consent

Participant Consent Type - Group 1



Implied consent

How you will gauge that consent to participate has been implied by this group of 

participants?

Return of Questionnaire

This is outlined in both the introduction email and information sheet. It is also within the starting page 

of the survey

Additional Documentation

Do you need to upload any additional documentation?

Yes

Any additional supporting documentation for this application

How do these additional documents support your project?

Survey Questions attached.
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Introduction Email 

Hello, 

My name is Maxwell and I am writing to you today to request your participation in a brief survey.  

I am a student completing a bachelor’s of Engineering through the University of Southern 

Queensland and am currently completing my final year research project. My selected research 

project is titled “Analysis of the Appropriateness of Using UAV for Structural Inspections of Remote 

Construction Projects”. As the title suggests, the purpose of this project is to analyse the use of 

drones to complete structural inspections of construction works in remote areas. This analysis will be 

completed through site experimentation with the use of drones in conjunction with an industry 

professional survey to get general perceptions and opinions on the use of drones for inspection. The 

overall objective is to determine what aspects of construction inspection can benefit from the use of 

drones and also determine how industry professionals may adopt this technology. 

I would like to utilise your professional experience in the construction industry to determine what 

perception and opinions are to the use of drones for inspections in remote areas. Your responses to 

this survey will help to evaluate the overall opinions of engineering and construction professionals in 

regard to drones as tools for inspections. 

The survey is will be brief and will only take about 30 minutes to complete. Please click the link 

below to go to the survey website. 

Survey link:  

Your participation in the survey is completely voluntary and all of your responses will be kept 

confidential. No personally identifiable information will be associated with your responses to any 

reports of these data. Further details can be found in the attached information sheet. Should you 

have any comments or questions, please feel free to contact me at or 

on  

Thank you very much for your time and cooperation.  

Sincerely, 

Maxwell Hall,  
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Appropriateness of Using Drones for
Structural Inspections of Remote
Construction Projects

UniSQ HREC Approval number: ETH2024-0488

Description

This project is being undertaken as part of a Bachelor of Engineering Honours final year research project through the University

of Southern Queensland. 

The purpose of this project is to analyse the use of drones to complete structural inspections of construction works in remote

areas. This analysis will be completed through site experimentation with the use of drones in conjunction with an industry

professional survey to get general perceptions and opinions on the use of drones for inspection. The overall objective is to

determine what aspects of construction inspection can benefit from the use of drones and also determine how industry

professional may adopt this technology.

Participation

Your participation will involve completion of an online questionnaire that will take approximately 30 minutes of your time. 

Questions will include: How familiar are you with the use of UAVs (Unmanned Aerial Vehicles) in the construction industry? Have

you ever used UAVs for structural inspections in your projects? If yes, could you describe the experience? 

The survey will also include questions with responses based on a likert scale i.e. Strongly Disagree, Disagree, No Opinion,

Agree, Strongly Agree. Questions within this section will include: Drones for structural RVIs (Remote Video Inspections) could

improve efficiency of construction projects in remote locations, Drones for structural RVIs could reduce travel requirements for

projects in remote locations

Your participation in this project is entirely voluntary. If you do not wish to take part, you are not obliged to. If you decide to take

part and later change your mind, you are free to withdraw from the project at any stage. 

You may also request that any data collected about you be withdrawn and confidentially destroyed.
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If you do wish to withdraw from this project or withdraw data collected about yourself, please contact the Research Team

(contact details at the top of this form).

Your decision whether you take part, do not take part, or take part and then withdraw, will in no way impact your current or future

relationship with the University of Southern Queensland.

Expected benefits 

It is expected that this project will directly benefit you in that it may lead to vast improvements within the construction and

engineering sectors within remote Australian locations, making remote construction projects more efficient for all parties

involved. It may also serve as a benefit to the structural inspection requirements as a whole.

Risks 

In participating in the questionnaire, there are no anticipated risks beyond normal day-to-day living.

Privacy and confidentiality  

All comments and responses are confidential unless required by law. 

The names of individual persons are not required in any of the responses. 

Restricted access to the data through the thesis submission will be made available. Data will be used to provide analysis of

expert opinion. All data will be made available to assessors if requested. Data will be made available to other researchers, but

the data will remain confidential with members non-identifiable. 

Participants may receive access to a summary of the results if requested. 

Any data collected as a part of this project will be stored securely, as per University of Southern Queensland’s Research Data

and Primary Materials Management Procedure.

Consent to participate 

Clicking on the ‘Submit’ button at the conclusion of the questionnaire is accepted as an indication of your consent to participate

in this project.

Questions 

Please refer to the Research team contact details at the top of the form to have any questions answered or to request further

information about this project.

29/05/2024, 12 23 UniSQ Survey Tool  Appropriateness of Using Drones for Structural Inspections of Remote Construction Projects

https://surveys.unisq.edu.au/index.php/admin/printablesurvey/sa/index/surveyid/969438 2/21










































