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ABSTRACT 
With a large percentage of bridge infrastructure throughout the east coast of Australia 
approaching a point of major intervention, and the need to prolong the life of assets, there 
is increasing importance upon accurately identifying the current condition of bridge assets 
to ensure the accurate scoping of repairs. With the industry shifting towards more 
automated and intelligent processes, photogrammetric modelling has been introduced as 
a technology that provides significant opportunity to alter how bridge remediation 
contracts are undertaken. The use of modelling-based applications enables accurate 
information about the current condition of a structure to be maintained as part of 
contractual documentation in order to reduce the risk of variations and ensure greater 
management of information throughout the project lifecycle. This paper aims to provide a 
basis for the integration of photogrammetric modelling into current bridge inspection and 
remediation projects and to highlight the potential of the technology.  
 
Keywords:  Photogrammetric modelling, bridge condition assessment, remediation, 
bridge repair 
 
1. INTRODUCTION 
 

The management of bridge infrastructure throughout the intended service life is inherently 
a labour-intensive and costly exercise, requiring periodic inspections, continual 
maintenance works and capital renewal works at some stage to ensure the ongoing 
serviceability. This process becomes more difficult depending on the aggressiveness of 
the exposure environment and the trafficability of the structure, imposing greater 
constraints on the accessibility and the capital required to be input in order to inspect and 
maintain the structure.  
 
With greater economic pressure placed on asset owners at all levels (i.e. from local 
government through to state government), there is the continuing need to stretch the 
existing budgets further whilst managing an inventory of ageing infrastructure. It is 
estimated that 70% of the bridges in New South Wales were built prior to 1985, with a 
large percentage of these being of 1930’s construction (1). As a result of the considerable 
age of the majority of structures within the state inventory and to a broader extent, within 
Australia, there are a significant number of structures that are being prioritised for major 
rehabilitation or intervention works each year.  
 
The typical approach for managing a structure post-construction involves conducting 
periodic condition inspections to assess the asset’s performance. This is ultimately used 
for the purpose of assessing the maintenance or intervention requirements, with 
specifications produced for repair or renewal works that may be required. However, as 
information is transferred between each of the different stakeholders throughout this 
process, there is a loss of knowledge that may introduce the risk of defects being 
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overlooked. This could result in either defects being left unaddressed during renewal 
works or potential variations to repair contracts to address items that were insufficiently 
scoped. 
 
With current practice being inherently reactive and based on paper-based systems, there 
is the opportunity to introduce more intelligent systems and processes in order to improve 
the management of existing infrastructure and reduce risks for repair and remediation 
contracts.  
 
2. CURRENT PROCESSES AND TYPICAL PROJECT LIFECYCLE 
 

2.1 Processes 
 

Inspections often serve as the focal point for bridge asset management, with engineers 
and inspectors typically required to assess the current condition of the structure in order 
to project the future maintenance or renewal works that are required. This process is 
outlined in Figure 1, with the task dependencies and extent of the scope noted.  
 
What this process requires, is a deeper appreciation of the deterioration of the structure 
over time through previous inspections that have been conducted, maintenance records 
and any other drawings / documentation that reflects the current structural arrangement. 
This is necessary throughout all stages of the project, to enable all parties to be able to 
effectively evaluate the current condition, potential deterioration mechanisms and 
constraints that may limit accessibility.  
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Figure 1 – Bridge asset management process through to renewal works 

 
2.2 Limitations of Current Practice 
 

Whilst the current processes enable consistency and standardisation throughout the 
entire asset management phase, these are largely based on paper-based processes that 
were introduced prior to the advent of modelling and other technologies. As a result, there 
are a number of limitations around the transfer of information throughout each stage of an 
asset’s design life. From a review of current practice, these may include: 
 

• Relying upon the ability to collect previous information. The historical information 
that is available for a structure is often limited due to the varying methods of 
information storage that have been used over time or not being uploaded to a single 
source of truth database. This ultimately prevents inspectors and engineers from 
being able to have a complete understanding of the historical developments, 
including changes to the design throughout the asset management phase.  

 

• Condition related information is typically collected in a format that is orientated 
towards a database and hence, is largely about inventorising the elements and 
changes in individual conditions. However, this limits the ability of an engineer and 
asset owners to be able to contextualize defects and therefore may prevent the 
accurate identification of deterioration mechanisms. When following these issues 
throughout the entire design life, this may result in an increased cost to evaluate 

Condition 
Assessment

•Desktop review of existing documentation / condition reports

•Site inspection to assess current condition 

•Identification of issues requiring rectification or potential renewal works

•Produce condition / inspection report that contains an inventory of the 
components, condition ratings and defects identified

Repair 
Scoping

•Desktop review of existing documentation / condition reports

•Potentail detailed testing required to determine deterioration mechanisms

•Drawings, repair specifications and Bill of Quantities (BoQ)

Tender 
Documentation

•Often produced by client in collaboration with the consultant

•Disclaims responsibilities, scope and quantities

Renewal 
Works

•Undertaken based on the information provided and limited to the specific 
scope and constraints that are outlined by the tender documentation

•Construction QA documentation provided to client which may include as-
constructed drawings, redline markups and completed inspection test plans
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issues due to the need for follow up inspections / investigations or potentially more 
critical issues being incorrectly diagnosed. 

 

• Contractual documentation issued for tender are primarily focused on disclaiming 
the responsibilities of all parties that may be involved in the execution of the 
contract (including the client, designer and contractors) and creating uniformity 
throughout the tender process. For bridge repair contracts, this may entail the 
inclusion of a Bill of Quantities that provides a precise extent of a given repair 
method and a contingency as a schedule of rates item. However, this process 
suffers from the following shortfalls   

 
1) Requires the contractor to make an assessment of the laydown areas, 

access requirements (i.e. barge, scaffolding, traffic control and etc). This 
may alternatively require site visits that are either time consuming or not 
possible due to the locality / time available during the tender process.  

 
2) Relies upon the quantities that have been measured whilst on site, which 

are subsequently rolled into a single quantity for repair. For example, 
there may be several areas of cracking, each with varying extents, 
severities and locations (i.e. over water or at the abutment). However, 
the tender documentation may simply specify a 30 Lm total of crack 
repairs, with a contingency made for any additional areas that may not 
have been identified. This introduces the risk of potential budget 
overruns or program slip due to the time negotiating variations, 
insufficient access or greater time required for the tasks that were 
originally budgeted.  

 
Through advances in current computational processing and technology that is available 
to capture and store information, photogrammetric modelling has been presented as a 
process that could be introduced to improve the current lifecycle and management of 
bridge structures.  
 
3. PHOTOGRAMMETRIC MODELLING 
 

3.1 Previous Applications 
 

Advances in the development of images and producing 3-D scene reconstructions have 
enabled 3-D models to be produced that have a high degree of relative dimensional 
accuracy. Photogrammetric models utilise the principle of triangulation to identify key 
points between two different images and triangulate these back to a single viewpoint. This 
process is able to be undertaken where there is sufficient overlap between images that 
are taken and hence, sufficient key points of interest.  
 
The predominant application of photogrammetric modelling has been for measuring / 
quantifying elements, with a large focus on buildings (2, 3, 4). This involves using 
photogrammetric modelling as a means of producing a point cloud image for such 
purposes as: 
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• Measuring the deflection of individual components and monitoring, including for 
retaining wall structures through creating a point of reference 

 

• Forming a baseline for a dimensional survey of structures in lieu of detailed design 
/ as-constructed drawings 

 

• Developing into solid models for such applications as virtual reality 
 
However, this process may be taken further, by converting the point cloud model to a 3-D 
mesh and projecting the original images that were captured (and post processed to 
produce the model) onto the mesh, with a computing algorithm used to select the relevant 
images. The process applied throughout this paper in order to produce a 3-D model has 
been outlined in Section 3.2. 
 
3.2 Processes 
 

Data capture is the most integral part of producing a photogrammetric model. Apart from 
the quality of the imagery that is captured, there are a number of other considerations, 
which include: 
 

• The methodology for which the images are collected – In order to produce 
photogrammetric modelling to a high degree of detail and accuracy, there needs 
to be a minimum of 50% overlap between each subsequent image. These should 
be captured in such a way that the images are taken successively, in order to 
create greater ease of processing and alignment of the images. 

  

• Time of day – the time for which the images are captured is critical. The presence 
of backlighting (i.e. from the sun) can cause the images to over-expose and will 
lose the quality of the image. Additionally, this may introduce variability in the 
images and reduce the ability to post-process to produce and triangulate into a 
point cloud model / 3-D mesh. Hence, there is the need for consistency in the time 
of the day that the images are captured and ideally taken when there is limited 
influence from the sun (i.e. capture images during the middle of the day when the 
sun is overhead). 

 

• Shadows / shading – Shadows and shading ultimately limit the quality of the 
images and require them to be over-exposed, which degrades the quality of the 
images. Hence, there is the need for sufficient lighting for all parts of the structure 
that is to be captured. This is particularly relevant for the abutments or areas on 
the soffit of the deck. 

 

• Reflective surfaces – Not able to be integrated into a model due to the inability of 
the processing software to be able to identify keypoints within images. 

 
It should be noted that the development of drones for small scale commercial applications 
has provided a means of creating more detailed models. This is due to the ability of the 
drone to capture images from different views and varying heights, which are not able to 
be achieved through ground-based applications. Additionally, the drone is able to store 
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geo-spatial data within each of the individual images and streamlines the alignment of the 
images for post-processing. It should be noted that drones are not a necessity to 
producing point cloud models. As outlined by the paper, handheld cameras and other 
ground-based applications are able to produce a point-cloud model and subsequently, 
photogrammetric models.   
 
The images are captured with sufficient overlap and should be captured at varying 
distances away from the structure. Initially capturing images from a greater distance will 
provide a low-detail mesh, to which images that are captured closer to the structure could 
more effectively be tied into the model. These images are captured in an uncompressed 
(RAW) format and converted to TIFs, or other image formats that have no loss of quality. 
The high resolution lossless images (TIFs) are subsequently imported into a post-
processing software, such as Agisoft. 
 
Agisoft uses the images to triangulate a position and angle of each photo in 3D space. As 
outlined, the integration of geo-spatial information (geotagging) simplifies the alignment 
and positioning of the images and hence, the time required for post-processing. Once all 
of these images have been positioned within a 3-D space, a dense point cloud model can 
be produced. This dense point cloud model will capture information relating to the 
surrounding environment, which assists in providing context of the abutments, 
approaches, batter protection and can be used to inform on the access that may be 
achieved. The production of a dense cloud is the most process intensive step, taking up 
to a week to process an asset of 30 million points on a single core computer. 
 
Using the point cloud, the images are subsequently triangulated onto a high-resolution 
mesh and a low-resolution mesh. Colour texturing of the high-resolution mesh is used to 
provide the 3-D surface detail. It should be noted that this high-resolution mesh requires 
a high degree of processing and memory to be able to run the model. Whilst the high-
resolution mesh is useful throughout the processing stages, the information is ‘baked’ 
down into a low resolution mesh, which can be shared across different systems without 
lagging. An example of this high-resolution mesh is illustrated in Figure 2. 
 

 
 

Figure 2.  High-resolution mesh ‘baked’ into a low resolution mesh 
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The images are effectively projected onto the mesh, with a selection algorithm used to 
identify the images to project onto the mesh based on the angle, orientation and depth.  
 
4. Case Study for Photogrammetric Modelling 
 

Steel truss bridges are considered to be the most complex structure for inspection, 
typically consisting of hundreds of principal load bearing elements that are subject to 
different loading conditions and exposure conditions. These structures are difficult to 
access for the purpose of inspections and maintenance works, with standard TMR Level 
2 inspection reporting requirements resulting in reports that may be several hundred 
pages long and consisting of custom component codes. This approach introduces the key 
risk of pertinent information or defects being potentially overlooked and the inability for the 
information to be contextualised by the asset owners, future inspectors or potentially the 
repair contractor. Consequently, the need for more effective and efficient means of 
managing these structures has been identified. For this project, GHD utilised 
photogrammetric modelling with drone data capture as a means of collecting detailed 
imagery. This imagery was post-processed to produce a detailed photogrammetric model 
that could be desktop reviewed, with information relating to the condition and maintenance 
requirements able to be assigned within the model.  
 
4.1 Data Collection 
 

A detailed condition inspection was conducted using drones to collect images for the 
structure at varying elevations, angles and distances from the structure. This information 
was captured using bottom-mounted high-definition cameras that produced imagery with 
a native resolution of 6000 x 4000 pixels. Images of the deck soffit were captured from 
the drone at an angle of up to 30 degrees above the horizontal.  
 
The images were captured sequentially with greater than 75% overlap between the 
images. Additionally, due to the significant costs associated with mobilisation to the 
remote locations, an initial pass was captured at a distance of approximately 30 m to 
produce a low-resolution point cloud model. This ensured that the imagery was suitable 
and that more detailed post-processing could be undertaken offsite and that more close-
range images could be captured to enable the identification of specific defects, such as 
corrosion between the crevices of web plates and around the rivets for splice connections. 
This close-range imagery was captured at a distance of between 2 – 5 m with passes 
made at varying heights and angles in the direction of travel. This is typically illustrated 
through Figure 3.  
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(a)         (b) 
Figure 3.  Planned and actual flight paths 

 
4.2 Post Processing and Desktop Review 
 

For the single structure, approximately 2,000 photos were collected from varying 
distances, angles and heights along the structure. Undertaking the methodology for post-
processing, the 3-D photogrammetric model was produced, as illustrated below in Figure 
4. With the high-definition imagery projected onto the mesh, it is possible to undertake a 
desktop review for the current condition, as opposed to the traditional means of a physical 
inspection.  

 
 

Figure 4.  Complete reconstruction for bridge 
 
Through projecting high definition images onto the 3-D model, the user is able to navigate 
through the model without constraint. This seamless virtual fly around enables each 
individual component to be inspected to a sufficient resolution from the different angles, 
in order to identify the current condition. Additionally, the user is able to magnify the 
defects to enable a closer inspection of the features; for example, ascertaining the extent 
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or severity of corrosion. This addresses the constraint of previous inspection means, 
whereby if there was something that needed to be reassessed offsite after inspection, 
there was a reliance upon the handheld camera images, which often provided no context 
as to the size, extent or locality of the defects. Alternatively, there may be no image 
captured for the defect that was of concern.  
 
By creating a seamless 3-D model that can be navigated without constraint, a desktop 
review can be conducted in the same way that a Level 2 inspection would. An inspector / 
engineer would start at one abutment / approach then work through to the other end of 
the bridge, whilst assessing the condition of the individual components.  
 
The other key feature of producing a mesh is the ability to assign annotations to a single 
point within a 3-D photogrammetric model. As such, this function is used for the purpose 
of highlighting defect related information that may have been identified during the desktop 
review and assigned maintenance activities or further investigation as required. This is 
the key aspect of a photogrammetric modelling that enables the integration of the 
technology into current practice. The inspection is able to be converted to a desktop 
review, saving time and resources, and the information is able to be assigned directly to 
the 3-D model and potentially output to a report as required.  
 

 
 

Figure 5.  Annotation assigned to 3-D model 
 

4.3 Case Study Outcomes 

 

The case study highlights the potential for the technology to be integrated into current 
practice, relating to the inspection and management of bridge structures. However, this 
technology could be taken to a wider extent, being applicable for a range of structures 
beyond that of bridges. The key benefits identified through the case study are as follows: 
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• The ability to significantly improve the amount of information that is collected for an 
individual structure, which could be reused at future inspections to compare the 
condition and assess the rate of deterioration; 

 

• Considerable reduction in the time required for reporting through being able to 
assign information to individual components and highlight defects by exception (as 
opposed to cataloguing all individual components, materials, classifications, etc.). 
For the case study presented, the time required to produce paper-based reports in 
line with current TMR-based Level 2 Reporting requirements accounted for 30% of 
the overall project costs. The proposed method is estimated to be able to reduce 
the reporting costs to approximately 5-10% of the overall project costs.  

 

• Improved ability to contextualise the current condition and the defects that may be 
limiting the capacity or ongoing serviceability of the structure; 

 

• Removing the need to re-inspect the structure where there are issues that were 
overlooked or potentially other disciplines that may be involved in the project at a 
later date (i.e. pavements engineers or structural engineers). This is particularly 
relevant for remote locations such as that for the steel truss bridges, where a 
person uninvolved in the physical inspection is able to review the model and more 
efficiently assess requirements.  
 

• Significantly reduces the costs associated with elevated working platforms, high-
rails, scaffolding or ropes access, in addition to the consequential losses 
associated with taking the structure offline.  
 

 
5. PROPOSED FRAMEWORK FOR FUTURE BRIDGE MANAGEMENT 
 

The integration of 3-D modelling into current inspection and bridge management 
processes has been proven to add considerable value to the outcome of a project.With 
the quantity and quality of the information that has been collected, there is the opportunity 
to integrate photogrammetric modelling into larger capital intervention projects for bridge 
structures. As outlined previously, photogrammetric models are able to host information 
that is pertinent to the accurate assessment of the current condition of the structure.  
 
The proposed framework for current bridge management entails the integration of 
photogrammetric modelling into all major stages of the asset management lifecycle. This 
is outlined by Figure 6. 
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Figure 6.  Framework for integration of photogrammetric modelling to bridge 
asset management 

 
The case study presented introduced the use of annotations within a 3-D model for the 
condition state information and future maintenance requirements. This functionality may 
be expanded further to include tools to be able to mark-up areas of defects, presented in 
a 3-D space along with information about the extents and magnitude of the defect for the 
inclusion in capital intervention projects. This would enable the contractor to more 
efficiently assess the potential access requirements to undertake repair works, inform on 
the surrounding environment constraints and assess any additional areas / defects that 
should be rectified. The inclusion of photogrammetric modelling has the potential to 
influence the delivery of major capital intervention projects through: 
 

• Reducing the risk of variations associated with unidentified defects or additional 
access that may be required; 

 

• Reducing delays in mobilisation; 
 

• Improving the quality of information delivered to the contractor to improve the 
understanding of the current condition and contextualisation of issues; and 

 

• Reducing RFIs during the tender phase. 
 
Figure 7 illustrates the potential modelling that could be included in the tender 
documentation, with the areas that are required to be addressed under the repair contract, 
highlighted in the model. This includes information relating to the type and extents of the 
repair, or other information that may be pertinent to the contractor which are unable to be 
disclosed through repair drawings or specifications alone. 
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Figure 7.  Model issued as part of major capital intervention projects 

 
6. CONCLUSION 
 

The integration of photogrammetric modelling has been demonstrated to provide 
considerable benefit to current bridge asset management practice. The technology 
provides a cost effective means of presenting information relating to the current condition, 
which can be used to develop a more comprehensive understanding of the rate of decay 
and identification of issues that may be more systemic. These benefits may additionally 
be realised throughout the later stages of a project’s life, which include major capital 
interventions. Through applying this process to steel truss bridges in the case study 
presented in this paper, it is illustrated how photogrammetric modelling can be applied to 
even the most complex of bridge structures.  
 
The following conclusions have been drawn from the study conducted: 
 
1) The use of photogrammetric modelling enables greater efficiency for the collection and 

retention of data, whilst reducing the costs associated with current inspection 
reporting. 

 
2) Enables greater contextualisation of issues and can improve decisions relating to any 

repairs that may be required. 
 
3) Can be applied through successive inspections to create a historical build-up of the 

condition of the structure, which may be reviewed throughout the entire lifecycle to 
provide a more thorough understanding of the current condition. 
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4) When applied to major capital renewal projects, there is the ability to significantly 
reduce the risk to all parties involved, from the designer through to the repair 
contractor. This is translated into more effective repairs, reduced risk of delays and 
budget overruns due to variations. 
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