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Abstract 
 
Current bridge inspection practices are typically predicated upon manual paper-based data collection 
methods, which significantly limit the ability to transfer knowledge gained throughout the lifecycle of 
the asset, to benefit the assessment of the inspector or engineer. This study aims to overcome the 
limitations of current practices and proposes a conceptual framework to improve the reliability and 
efficiency of current bridge asset management practices through the integration of Building 
Information Modeling (BIM) and advanced computing and imaging technologies. As a tool for bridge 
inspections, BIM offers significant potential when integrated with laser scanning and keypoint-based 
texture recognition, which allows for the detection of such defects as cracking, corrosion or settlement 
in bridge components. In recent years, the construction industry has seen an increased use of BIM 
technology on site to aid the construction process. However, the applications of it are deficient 
through the asset management phases of a project. Given the ability of BIM to house all component 
specific information gathered from the construction, inspection and maintenance phases, BIM is 
envisioned to allow emphasis to be placed on retrieving the relevant information throughout the 
project lifecycle, ultimately enabling engineers and bridge inspectors to make more informed 
decisions about the current condition of the structure. Using BIM as the focal point for information 
collection throughout the project lifecycle, findings from advanced imaging and data processing are 
proposed to be stored within the model for recall at future bridge assessments. 
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1. Introduction 
 

Visual condition inspections remain paramount to assessing the current deterioration status 
of a bridge and assigning remediation or maintenance tasks so as to ensure the ongoing 
serviceability of the structure (Chan et al. 2015). Over the last few years, the restructuring of 
Australian economic climate in conjunction with limited government investment into new 
transport infrastructure has placed increasing importance upon these routine visual 
inspections. Throughout these inspections, bridge inspectors/engineers are to identify the 
condition of each individual bridge component in order to identify any repair/rehabilitation 
works required, and to forecast the future performance of the structure. This leads to a 
significant amount of bridge inspection data that is to be collected by inspectors, assessed by 
engineers and stored for future use (DiBernardo 2012). However, current visual inspection 
practices suffer a number of limitations: (i) human vision-based inspections are subjective 
and rely upon the inspector to accurately capture all information; (ii) the entire manual 
process is costly and time-consuming; (iii) a number of safety risks are associated with field 
inspectors; (iv) the inspection requires experienced and highly trained personnel and most 
bridge authorities are currently facing the issue of shortage of required level of qualified 
inspectors (Bu et al. 2012). 
 

To exacerbate the current situation, asset owners largely utilise Bridge Asset Management 
Systems (BAMS) or Bridge Information Systems (BIS) to store and capture data that is 
collected from Level-2 condition inspections. However, as the name suggests, these asset 
management systems are typically centred on databases that provide no direct representation 
or visualisation of what the data means. In a study conducted by DiBernardo (2012), it was 
concluded that these database-oriented forms of BAMS lead to the issue of data dispersion, 
where key information collected in condition inspections can be obscured by the low 
efficiency of the systems. This can often prevent engineers from being able to fully 
understand how the condition of a structure has changed over time, which has the potential to 
negatively influence the decisions made relating to the repair, rehabilitation or remediation. 
 
2. Current inspection practices and systems 
 

The failure of the I-35W Bridge in August 2007 has highlighted the importance of 
ensuring consistency throughout inspections and the need for more assertive types of 
technologies to evaluate the current condition of bridge assets (Alampalli and Rehm 2011). 
From the report produced by the National Transportation Safety Board (2007) it was 
concluded that amongst other issues, there was a “lack of inspection guidance for conditions 
of gusset plate distortion and inadequate use of technologies for accurately assessing the 
condition of gusset plates. This report ultimately highlighted the need for alternative 
approaches to bridge inspections in order to more accurately monitor the current condition of 
key structural elements. However, this collapse is not only an isolated occurrence, with over 
44 bridges in the US having failed between 1989 and 2000 as a result of poor maintenance 
and inspection practices (Wardhana and Hadipriono 2003). Extensive research has already 
been conducted into the use of destructive and non-destructive techniques, which are 
applicable to determining the in-situ condition of principal bridge components. This includes 
research conducted by Subhani et al. (2013), which provides an indication of the embedment 
length and deterioration for round timber elements, such as power poles or even piles. 
Methods of structural damage detection using vibration and other noise signals were outlined 
by Handara et al. (2012). Wang and Hao (2012) have investigated the use of vibration, guided 
wave and acoustic emissions data for the integrated monitoring of reinforced concrete beams. 



Additionally, a number of studies have been conducted into methods for predicting 
deterioration to a bridge and its principal components using probabilistic models (Bu et al. 
2012; Lee et al. 2011). 

 
The current approach to bridge asset management within Australia largely follows a cyclic 

process, whereby the findings of a condition inspection govern the successor activities, which 
include the designation of maintenance or repair activities and even the timing of subsequent 
inspections. This approach to bridge inspections places a high importance on accurately 
assessing the current condition of individual components, as failure to identify defects or 
deterioration mechanisms can lead to inadequate maintenance and repair actions. Within 
Australia, data capture on site is largely centred on paper-based inspection methods, whereby 
a condition rating is assigned to all components and all defects are captured and presented as 
a report which is issued to the client. This information typically feeds into an overall BAMS 
or database that is used to identify issues of high criticality and assign work orders 
accordingly. However, the key issue with this approach is that it is typically associated with a 
more reactive approach to asset management since the focus is placed upon addressing 
rectifying the condition of defective components. In a study by Bu et al. (2014b), it was noted 
that current decisions on maintenance, repair and rehabilitation are based on interpretations of 
information from databases about the structure as a whole. However, to ensure the 
effectiveness of activities, engineers require a deeper understanding of the individual defects 
present from construction, an understanding of how that particular component has 
deteriorated, previous repairs that have been undertaken for that element and the effectiveness 
of those repairs.  

 
Defects that occur in one bridge element and not the others of the same element type may 

not necessarily be due to the deterioration. This can be attributed to a number of issues, 
including construction defects, different loading conditions (due to relative location) and etc. 
However, using current paper-based processes, the condition of similar types of elements are 
grouped together when reported on. Taking the example of bridge deck units, all of the units 
within a given span are grouped together as a single line item, with the number of deck units 
in each condition state highlighted. While this provides a high-level understanding of the 
defects required to be addressed, it fails to capture the condition of each individual deck unit 
and can mask the underlying cause of the defect. As highlighted by previous studies 
conducted by DiBernardo (2012), current database-oriented BAMS create subjective 
assessments that significantly affect decision-making. This is due to the discrete nature of 
current systems, whereby the information from a variety of sources feeds into the overall 
database but is not looked at collectively to provide an indication of the current condition. 
Ultimately, remedial actions assigned may not necessarily provide the optimal solution that 
accounts for deterioration mechanisms and balances serviceability and cost-effectiveness, but 
will have a bias towards one as opposed to the other. This is further illustrated through Fig. 1, 
with the typical systems demonstrated. 

 



 

 
 

Fig. 1 Typical information flow for BAMS 
 
With recent strides forward in advanced imaging processes and 3-D modelling, Building 

Information Modelling (BIM) and keypoint-based texture recognition have been presented as 
prospective processes that are applicable to asset management. BIM is a technology that can 
be applied in numerous fields, such as construction management, facility operation and 
structure and Mechanical Electrical and Plumbing (MEP) design. BIM enables the 
representation of digital building information at any construction stages. For bridge 
infrastructure, BIM possesses the potential to integrate information relating to condition 
states and deterioration with the individual components, which traditional 2-D modelling 
systems were constrained by. However, more importantly, it is recognised that BIM enables 
better visualisation of the condition of an asset and greater interoperability (Marzouk and 
Abdelaty 2012). This ultimately enables inspectors to overcome previous limitations of 
paper-driven processes to deliver more informed decisions on the current condition and future 
maintenance requirements of a bridge. While it is often noted that BIM is capable of being 
used throughout the lifecycle of a project, the development and research conducted into the 
implementation of BIM for asset management has been limited (Riu and Issa 2016). This 
view is supported by Becerik-Gerber et al. (2012) as there is insufficient empirical data on the 
topic. A study conducted by McGuire et al. (2016) investigated the use of BIM to facilitate 
bridge evaluations and assessments by recording the location and extent of damage in the 3-D 
model. This information was collected and assigned directly to the model by placing ‘damage 
cubes’ onto a given element to represent volume and severity. Within this research, it was 
highlighted the ability of BIM to maintain parametric information about the bridge and 
visually represent damage, for which could be used in damage evaluations and load ratings. 
However, a gap currently exists in the application of BIM for field-based data collection and 
the understanding of how this could be uniformly applied to inspect and manage bridge 
infrastructure. This paper thus defines a conceptual framework for the implementation of 
BIM for in-the-field data collection through the integration with advanced imaging 
techniques. This integration between the two technologies is intended to overcome current 
limitations and provide more reliable means of collecting visual inspection data and housing 
information from destructive and non-destructive test methods. It must be noted that BIM is 
not to replace current methods of detailed testing and those outlined in the research above, 
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but is intended to bring all data and information together into a model that acts as a single 
point of truth across the life of an asset. 
 
3. Conceptual framework 
  

As outlined previously, a key hindrance to regular condition assessments is the subjective 
nature of the inspection since they are reliant upon the experience and training of the 
inspector/engineer (Kamya 2010). A common contention arising throughout condition 
inspections is the criticality of a defect. For example, a crack may be seen as being moderated 
by one inspector, but may actually be due to fretting of the edges of the crack at the point of 
measurement. To overcome these limitations and realise more effective asset management 
practices, state-of-the-art technologies for crack and defect segmentation and detection in 
bridge images have been considered in this study. 
 
3.1. Pilot study methodology for keypoint-based crack detection 

 
The Scale-Invariant Feature Transform (SIFT) has been applied to many areas such as 

object or face detection, mapping and navigation, gesture recognition, etc. (Huang et al. 
2008). This algorithm has widely been used in computer vision to detect and describe local 
features in images using the concept of key point extraction, presenting significant potential 
for crack and defect identification in bridge inspections. SIFT can identify objects even 
among clutter and under partial occlusion, because the SIFT feature descriptor is invariant to 
image translation, scaling, and rotation, partially invariant to illumination changes and robust 
to local geometric distortion. Using the SIFT algorithm, the following process was devised to 
detect cracks: 

 
(1) A camera mounted to an Unmanned Arial Vehicle (UAV) with a pre-programmed 

flight route takes images of a bridge surface, and gathers a density and image 
overlap that is sufficient to produce a photogrammetric model. A bridge 
inspector/engineer analyses the image and visually identifies areas of concern for the 
image processing technique to highlight regions of interest for later comparison. The 
inspector is needed only for the first inspection or when the system requests it. 

 
(2) A pre-processing step is undertaken to enhance the bridge image quality and remove 

the noise from the input images, allowing for a more effective extraction of key 
features. The RGB colour space can also be converted to a device independent 
colour space that separates colour from intensity. 

 
(3) Following pre-processing, the key features of each image are extracted and stored in 

a database in the format of feature vector (or keypoints). Storing features instead of 
all the pixels of each image significantly reduces the storage space and reduces 
computational complexity. 

 
(4) The learning strategy is then applied to model crack detection and segmentation in 

bridge images. 
 
(5) The model created is finally used to detect the cracks in the newly collected bridge 

images. 
 



(6) When the inspection is taken next time, the camera, with the support of a UAV and 
the SIFT algorithm, captures a new image of the exact size, angle and illumination. 
The feature set of the new image are to be compared with its old version that was 
stored in the database, and any new information represented in the image, which did 
not exist in the earlier version, can be identified. 

 
This methodology has been applied to a set of old and new images for a reinforced 

concrete element whereby cracking was induced in the member for the purpose of this study. 
The keypoint-based texture recognition algorithm was applied to the two images taken of the 
same element, one with the crack and one without the crack. The successive feature keypoints 
were created by the algorithm and are marked in a number of different colours. As illustrated 
in Fig. 2(a) is the original image of the element, which has keypoints designated across the 
image. Comparatively, Fig. 2(b) contains a new feature, a crack, which was not a part of Fig. 
2(a). As illustrated, this change generates a significant number of additional keypoints within 
the area of apparent cracking and requests the input of the engineer to confirm whether the 
additional keypoints are related to defects. 

 

 
 

(a) Image without crack                    (b) Image with crack 
 

Fig. 2 Keypoints designated images 
 

3.2. Further system development for autonomous crack detection 
 
Like any classification method, the three steps, i.e. pre-processing, feature extraction and 

learning are considered imperative for obtaining crack types for each detected crack. Through 
applying different machine learning algorithms (Figueiredo et al. 2011) and image 
classification techniques (Adhikari et al. 2014), the system is able to replace the need for 
input from the human investigator and autonomously detects cracks. The machine learning 
algorithm for image registration will allow the system to address the limitations of 
randomness in viewing angles of the camera. Secondly, the image classification technique is 
able to identify the crack type and also demonstrate the difference between defects (i.e. 
cracking and spalling). Apart from this, an intelligent gimbal system will be developed, which 
can accurately guide the position and angle of the camera, considering information from 
multiple sensors (including Lidar, IMU and Ultrasonics where applicable). The high precision 
gimbal system and camera are to be mounted to a UAV. As a result, the UAV will be able to 
cover the structure and use the feature extraction and matching algorithm to identify defects 
and compare them to an existing image that is stored, where present, without the need for pre-
programmed image capture locations. 



3.3. Proposed BIM and keypoint-oriented bridge asset management 1 
 2 
Information such as cut-off levels, concrete mix designs, quality assurance documentation 3 

and other details should be assigned to individual bridge components to fulfill the greatest 4 
potential of BIM throughout the project lifecycle. Suites such as VEO M-Six, BIM 360 5 
Field/Glue and Tekla Field 3D (AEC Magazine 2014) have presented as packages that have 6 
been marketed as being oriented towards asset management. These packages have the ability 7 
to input user-defined attributes and typically are able to collect information during bridge 8 
inspections, such as pictures, field notes, sketches, measurements and other information. 9 
Besides, Trimble Robotic Total Station and Layout Manager should be used to interface with 10 
the BIM model and input accurate cut-off levels and survey points (Trimble Navigation Ltd 11 
2016). By housing all of the as-built information in a BIM model, this effectively ensures that 12 
the model can function as a true 4-D asset management model. With current manual 13 
inspection processes being subjective in nature, there is the need for BIM to be coupled with 14 
advanced imaging techniques, such as keypoint-based texture recognition. From images taken 15 
on site, algorithms such as SIFT, which have been developed for extracting distinctive 16 
features from images, could be used to identify such defects as cracking, spalling or corrosion 17 
staining detection. By matching and classifying individual features of an image and 18 
comparing it with the previous version taken (i.e. from a previous inspection), any features or 19 
defects that were not present in a previous image can be identified and quantified for 20 
comparison with keypoint images captured in subsequent inspections. As outlined previously, 21 
keypoint-based texture recognition has been shown to provide robust matching capabilities 22 
across a substantial range of affine distortion, change in 3-D viewpoint, addition of noise and 23 
changes in the illumination (Bu et al. 2015). This ultimately has a two-fold effect: reducing 24 
the subjective nature of condition inspections, whilst providing a consistent baseline from 25 
which future comparisons may be drawn to evaluate the extent of deterioration for the 26 
structure. These keypoint-based images are ultimately assigned to the individual elements of 27 
the structure for comparison at future inspections, allowing engineers to compare areas of 28 
previous concern and assess the extent of deterioration, all the while, housing the information 29 
in a semantic information-enriched 3-D model. 30 
 31 
4. Capacity of BIM-oriented BAMS 32 
 33 

It was highlighted by Taylor (2013) that the true value of BIM is its capacity to simplify 34 
the overall project lifecycle and ensure that information that is gained throughout each 35 
distinct phase (ie. from concept design through to operations/maintenance) is maintained. 36 
This is exemplified by the success of the Crossrail project in the United Kingdom (Crossrail 37 
Ltd 2015), whereby BIM has been utilised from the initial conceptual design, all the way 38 
through to the facilities management phase. Fig. 3 illustrates the three key stages of a project 39 
lifecycle and the intended integration of BIM throughout. With this in mind, the role of BIM 40 
for the asset management phase of a bridge lifecycle is to combine semantic information 41 
collected throughout the design and construction phases with information from inspections, 42 
detailed testing, monitoring, maintenance and most-significantly, advanced imaging 43 
techniques. The concept of BIM for bridge asset management is to break down the silos of 44 
current information storage processes and enable all information to be easily accessed and 45 
interrogated.  46 

 47 



 
 

Fig. 3 Role of BIM for whole-of-life integration 
 48 

4.1. Collection Efficiency of BIM 49 
 50 

With over 95% of the costs of a project estimated as being spent over the operations and 51 
maintenance phase, there is sufficient rationale for improving current asset management 52 
processes (Hardin and McCool 2015). The most significant issue with the current BAMS and 53 
hence, means of data capture, is the inefficiency that is generated by the need to record 54 
recurring information for each individual bridge component. While condition inspections are 55 
typically conducted in a repetitive manner for a given structure throughout the design life, the 56 
need to recollect information that is already known increases the time required on site. The 57 
ability of BIM to model a structure using object-based elements, means that parametric 58 
information is able to be assigned to individual components, including photos, defect 59 
descriptions, construction details and other details about a bridge’s condition (McGuire et al. 60 
2016). As outlined by DiBernardo (2012), the 3-D model is able to integrate the data for each 61 
member with the information collected from field inspections, reducing the time required on 62 
site and increasing the efficiency of data collection. 63 
 64 
4.2. Flexibility of modelling based data collection 65 

 66 
One of the key benefits of housing/collecting information using modelling based 67 

techniques is that there remains the ability to output raw data (ie. Excel-based information). 68 
This remains a key strength of BIM, particularly in the transition towards more advanced 69 
systems as there is the ability to utilise new data capture means, whilst still outputting data 70 
that is compatible with current BAMS. Current BIM suites offer the ability to run queries on 71 
existing information, such as material properties, dimensions, construction detailing and any 72 
other information that is housed in the model (Marzouk and Hisham 2012). Hence, any 73 
inspection-related information that is collected and assigned to the model may be output in a 74 
format that is capable of aligning with current practices. 75 
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4.3. Depth of Condition Interpretation 76 
 77 
Fig. 4 illustrates the superstructure of a timber bridge pier that is modelled using Revit 78 

with condition state information assigned to the individual elements of the structure. As part 79 
of this, the components that are in a critical condition (with defects identified as affecting the 80 
integrity of the structure) are highlighted in red, with the elements that are ‘as new’ being 81 
shown in white. As demonstrated, much of the benefit of BIM lies in the ability to transfer 82 
knowledge of the locality and severity of defects to the users, with BIM assimilating semantic 83 
information such as condition state and component specific properties that contributes to 84 
decision making. Note that the conditions of bridge elements collected using the element-85 
level bridge inspection process, are expressed quantitatively via the conventional “grading” 86 
system, i.e. the health index or the four condition states (with Condition 1 being “new” or 87 
“good”; Condition 2 “fair”; Condition 3 “poor”; and the Condition 4 “very poor”). Possessing 88 
this understanding enables a far more efficient and accurate analysis of the deterioration 89 
mechanisms of defects, which may be due to surrounding defects or loading conditions.  90 

 91 

 92 
5. BIM and Advanced Imaging Case Studies 93 
 94 

As an advanced and integrated design and construction solution, BIM in recent years has 95 
started to attain its universal acceptance in the building industry. It can be spotted from an 96 
overview of the global BIM applications that the majority of these applications still indwell 97 
the application level where collision detection and preliminary construction simulation are 98 
the primary undertakings prior to the construction stage. In order to rationalise the merits of 99 
BIM and the advanced imaging technologies across the project life cycle, especially in terms 100 
of providing immediate efficiencies and sweeping improvements on current asset/facility 101 
management processes, this section presents two case studies and concludes the lessons 102 
learned from the case studies. In the first case, the proposed solution for revitalising current 103 
practices included the use of BIM to provide accurate geometric modelling of the bridge 104 
components, in addition to housing any geometric data that was pertinent to a condition 105 
assessment. In the second case, a BIM plus 3-D laser scanning technology enabled inspectors 106 

 
 

Fig. 4 Revit model with condition information assigned 



to quickly and accurately obtain and visualise the spatial data of the project structure and 107 
identify the deviation from the comparison of the scan results and the as-planned BIM model. 108 
Through the use of BIM and laser scan it was envisaged that a single point of data storage, 109 
digital work orders and streamlined processes for condition inspections could be realised. 110 
 111 
5.1. Pyrmont Bridge 112 
 113 

Being constructed between 1899 and 1902, the Pyrmont Bridge in Sydney, Australia 114 
forms a crucial link in the Darling Harbour network, connecting the city and inner western 115 
suburb. The structure spans 369 m and is comprised of 12 timber spans, with two steel central 116 
spans that form the ‘swing spans’ to allow vessels to pass through the channel. This bridge is 117 
now composed of more than 7300 structural members that are to be inspected and assessed 118 
by bridge engineers annually. With current processes being largely drive by manual data 119 
collection and entry, this became a timely and expensive process (Sahlman 2015). As a result, 120 
it was recognised by the current bridge management, the Sydney Harbour Foreshore 121 
Authority (SHFA), that there is the need to introduce more effective and efficient schemes to 122 
manage, inspect and maintain the structure. This included the intent to use digital processes, 123 
including electronic tablets, to provide greater efficiency and innovation to the current bridge 124 
asset management practice. As illustrated in Fig. 5, the model being represented in a 125 
proprietary asset management software, enables the visualisation of a select number of 126 
components, with the current condition rating of elements being represented by the colour 127 
array. The selected component shows previous photos taken and information that has been 128 
assigned, such as design drawings or previous work orders. 129 

 130 

 
 

Fig. 5 Pyrmont Bridge truss shoe inspection (M-Six, 2015) 



 131 
Arguably, the most significant benefit to the bridge management was made through 132 

reducing the time required for all asset management processes. Inspectors are now able to 133 
link photos to the 3D model, assign commentary around the current condition and being able 134 
to identify the rate of deterioration for given components, such as the extent of rotting to 135 
timber truss members against previous inspections. Sequentially, information from the 136 
inspection is able to immediately be output to an inspection report through the query 137 
functions of BIM. In addition to this, removing the non-systemised manner of paper-based 138 
manual processes and moving towards modelling has driven a more proactive approach to 139 
asset management. From the condition inspections, the data is able to seamlessly be 140 
transferred into the maintenance and capital expenditure programs. The use of BIM has 141 
enabled the SHFA to more effectively prioritise maintenance activities, effortlessly determine 142 
the quantities for a given maintenance work order and document the maintenance history. For 143 
the Pyrmont Bridge, this has translated into considerable savings for producing maintenance 144 
work orders. 145 

 146 
While the Pyrmont Bridge stands as an example of how BIM can improve asset 147 

management practices for complex structures, it also highlights the fine line between being 148 
useful and providing too much detail. While large levels of details such as the location and set 149 
out of nuts, bolts and packer plates is extremely valuable in the construction phase of a 150 
project, it can cloud the useful information when passed through to the asset management 151 
phase. Hence, from the start of the project, there is the need to define the minimum amount of 152 
information that is required to be included into a BIM model to ensure that the model is 153 
efficient, yet still useable. With such a large number of components, there is the additional 154 
constraint of having a large IFC export file size that influences the speed of the mobile 155 
capture software when in operation (Sahlman 2015). While the model can be optimised for 156 
viewing, there may still be the need to break this model down into manageable segments that 157 
align with the inspection workflow. For instance, the model may be separated into segments 158 
with the 10 timber approach spans being represented in a model that is separate to that for the 159 
steel swing spans.  160 

 161 
The quality of an inspection is based upon the knowledge and experience of a bridge 162 

inspector and the ability to ensure that the findings of the inspection comply with the 163 
prescribed procedures of the relevant bridge inspection manuals. While inspectors are 164 
provided with the necessary tools to efficiently conduct inspections, there still exists the 165 
inherently subjective nature of condition assessments. For example, a crack in a reinforced 166 
concrete member is assigned a criticality by the maximum width of cracking. However, with 167 
current processes of crack determination being largely manual (i.e. using a crack gauge), an 168 
experienced inspector may deem that there is fretting at the surface of the crack opening 169 
which is not a true representation of the crack width. In the subsequent routine inspection, a 170 
less experienced inspector may not identify the fretting and deem that the crack has 171 
significantly increased from previous inspections. This will consequently flag up as an 172 
immediate concern to the asset owner, requiring immediate rectification.  173 

 174 
5.2. Yongxin Floodgate Pumping Station 175 
 176 

While the application of BIM throughout the asset management phase of bridge projects 177 
has been limited, there has been significant potential exemplified through the recent Yongxin 178 
Floodgate Pumping Station Project in China. The opportunity existing to introduce 3-D laser 179 
scanned modelling (i.e. generating point clouds) for the existing structure to allow engineers 180 



to more effectively and efficiently monitor that current rate of settlement and changes in the 181 
geographical features of the structure. This model could be compared to the existing as-built 182 
BIM model that had been produced, allowing for the tracking of deterioration and decay. The 183 
proposed approach to collect the existing terrestrial information was the use of 3-D laser 184 
scanning in order to produce a point cloud model. To collect the information, 3-D scanners 185 
were set at control locations around the site to allow for collection of different targets. A 186 
minimum of three control locations were required, which were set out appropriately in order 187 
to ensure the point cloud model could be accurately stitched together. As these laser scans 188 
from the different control locations are independent of each other, the point cloud data can be 189 
automatically combined based on feature points within each of the data sets to a singular 190 
coordinate system. For the floodgate pumping station, post processing was applied to remove 191 
any existing features that were not relevant to the model and the point clouds subsequently 192 
rendered to assign colours. The final point cloud model was imported into Bentley’s Geopak 193 
software (Takken 2016), with the dense point cloud model producing a detailed digital terrain 194 
model. 195 

 196 
From the Yongxin Floodgate Project, the key benefit was the ability to monitor the varying 197 

degrees of settlement for the flow channel, as surrounding ground of the flow channel. In 198 
order to explore the application of 3-D laser scanning approach in settlement observation and 199 
benchmark with the traditional electronic level gauging approach, the engineers conducted 200 
settlement monitoring at a daily basis using both approaches and laid a number of settlement 201 
monitoring points on the Larssen steel sheet around the foundation pits. Table 1 indicates the 202 
average measurement results derived from two different measuring approaches. The findings 203 
of the investigation indicated that both the 3-D laser scanning results and the levelling 204 
equipment outcomes reflected a same trend of settlement. There was up to a 7mm variance 205 
between the two approaches, with an average variance equated to approximately 6.3%.Based 206 
upon the analysis, it is witnessed that the accuracy of 3-D laser scanning can meet the 207 
requirements of settlement monitoring in the water conservancy project, however the 208 
efficiency of laser scanning may not be necessarily higher than the conventional electronic 209 
level gauge. 210 

 211 
Table 1. Comparison of settlement results from two monitoring approaches 212 

 213 
Date of 

Measurement 
3-D Laser 

Scanner (mm) 
Electronic Level 

Gauge (mm) 
Disparity 

(mm) 
April 2nd, 2015 -190.5 -197.5 -7 
April 25th, 2015 -53 -47.5 5.5 
May 28th, 2015 -128 -121.8 6.2 

 214 
The water channel is a relatively crucial and complex part in this project. The engineers 215 

also used 3-D laser scanners to scan the entire flow channel layer, and evidenced that the 216 
relative accuracy of the model allowed for more efficient methods of monitoring the 217 
settlement of the structure and changes in the overall condition over time. Fig. 6 illustrates 218 
the point cloud model that is overlaid within the original BIM model, which highlights the 219 
differences in the surface profile. This is further illustrated by the cross-sections taken 220 
through the model, as shown in Fig. 7. These cross sections highlight the localised variations 221 
between the as-constructed model (green) and the current profile (red), which may provide an 222 
indication of the presence of growth on the floor of the channel or movement in the overall 223 
concrete structure. 224 

 225 



 
 

Fig. 6 3-D point cloud model overlay within BIM model 
 226 
 227 

 
 

Fig. 7 3-D point cloud model and BIM model cross section comparison 
 228 

The key benefit of utilising BIM and laser scanned models is the ability to effectively 229 
monitor the rate of decay of a given structure. For bridges, this may be settlement at the 230 
abutments or batter, subsidence of the approaches or even deflection of a deck member. This 231 
additionally allows engineers to track the presence of changes in the surface profile, such as 232 
spalling to the concrete cover, vegetation growth of the bearing shelves, and subsidence at the 233 
toe of a batter protection. Through using 3-D laser scanning and comparing to an original 234 
BIM model, it is possible to track the decay of a structure to a reasonable degree of accuracy 235 
and create a true asset management model that would allow engineers and asset owners to 236 
make more effective decisions on remediation activities. As against 3-D laser scanning, the 237 
traditional measurement manner is to use a survey instrument (the Trimble Robotic Total 238 
Station) that has an electronic theodolite integrated with an electronic distance meter. To 239 
analyse the target surface, inspectors need to survey a large number of points and document 240 
the coordinates of each point, which as a result, could accrue various types of measurement 241 
error. Besides, such an approach has been plagued with several limitations for instance, its 242 
accuracy depends on the volume of data sets; the electronic theodolite needs strict levelling 243 
and alignment before use; the glass corner cube prism reflectors (measuring sensors) could 244 
not reach an accuracy of less than 1.5mm, etc. In this project, each survey required one 245 



people to operate the Trimble TX8 laser scanner, one to set the target and one to adjust the 246 
target through observing the total station. Although this approach could not reduce the 247 
number of people required on the site, it minimised the impact of human actions on accuracy. 248 
It took circa 30 minutes for every scan (high resolution) and 2-3 hours to process the scan 249 
data. Overall, the 3-D laser scanning technology could improve more than 50% efficiency 250 
and save up to 60% of cost as against the traditional approach in surveying large-scale 251 
geographical environments. There are several survey providers (contractors) who provide 252 
hardware (laser scanner), software (point clouds processing software) and service (personnel, 253 
feature-extraction services, mapping-grade accuracy, final needed output, etc.). The 254 
advantage of this option, which the client resorted to in this project, is that the client would 255 
not be burdened with training, data post-processing, technological obsolescence of 256 
equipment, and equipment maintenance. 257 
 258 
6. Discussion of identified challenges for integration into current practice 259 

 260 
6.1. Uniform governance over BIM and advanced imaging technology 261 

 262 
While the research presented proposes an integrated system that noticeably addresses a 263 

wide range of issues that stem from the rigidity and minimalism of current systems, there 264 
exist hindrances to the adoption of a BIM and keypoint-integrated approach in bridge asset 265 
management. The hurdles are not perpetuated by the limitations of the current technology, but 266 
rather the regulation of governing authorities. It has been widely questioned whether current 267 
paper-based inspection processes are still providing the answers to the complex problems of 268 
modern infrastructure (Kamya 2010). The UK Government has led the way, establishing a 269 
BIM Task Group with the sole aim of defining a progressive implementation strategy for 270 
BIM and reducing cited barriers. However, within Australia there still remains no clear 271 
direction or governance provided and hence, provides no incentive for asset owners to take 272 
the leap towards more intelligent systems and processes. 273 

 274 
6.2. Modelling existing infrastructure 275 

 276 
BIM has been proven to be a powerful process that can produce direct savings for large-277 

scale bridge structures that have been in service for a number of years. However, the key 278 
challenge that appears to be limiting implementation in bridge operations is the ability to 279 
affordably and efficiently produce BIM models for all existing bridges that are not 280 
necessarily large scale, nor as important to the road network as that of the Pyrmont Bridge. 281 
Traditionally, there is limited data, albeit as-constructed information, that is available for 282 
producing a model of the structure. When taking this in conjunction with the considerable 283 
time required to produce a BIM model of a bridge, this only appears to compound the 284 
problem. 285 

 286 
While there are techniques such as photogrammetric modelling and point-cloud surveys 287 

that may be conducted to produce a model for a given structure, this may not be suitable for 288 
the case of asset owners with tens of thousands of bridges/culverts within their inventory. 289 
Although this does not preclude the use of BIM for asset management, without a resolute 290 
approach that will be suitable for collecting and managing all assets using BIM, the 291 
reservation to complete adoption of the new technology will likely remain. 292 

 293 
 294 
 295 



6.3. Aligning BIM at a corporate level 296 
 297 
Another key challenge to the BIM-oriented future is the ability to find common ground in 298 

terms of modelling software. For the design and detailing phase, there remain numerous 299 
suites and packages on the market that are capable of producing a full detailed design model. 300 
As is the case for all decisions made at a corporate level over software adoption, there is not 301 
one size that fits all where a package will suit every organisation. While a BIM model may be 302 
exported to a ‘platform-neutral’ IFC model for file exchange with different suites, it is still 303 
not a perfect solution to address information transfer constraints. Hence the challenge is to 304 
find a mutual approach/software that will not restrict governments and hence, organisations 305 
to a single platform, i.e. TEKLA, Bentley and Autodesk (Anderson et al. 2012). 306 
 307 
7. Overcoming the current constraints 308 
 309 

Ultimately, what is required is a commitment from the government, local authorities and 310 
other key stakeholders towards developing a roadmap or implementation strategy for BIM in 311 
asset management, where there are clearly defined indicators and timeframes. However, to 312 
achieve this, as-built models of all structures would likely need to be developed for all assets 313 
within the inventory of key asset owners, such as the Queensland Department of Transport 314 
and Main Roads, the Roads Corporation of Victoria and the Australian Rail Track 315 
Corporation. While BIM and advanced imaging technology may be adopted on a project-by-316 
project basis, the efficiency and cost-effectiveness will be lost without the widespread 317 
adoption of a more proactive approach to maintenance. Taking lessons learnt from the 318 
Crossrail project and UK’s BIM Industry Working Group, this should ideally be undertaken 319 
by defining distinct BIM maturity stages, whereby BIM-integrated asset management should 320 
be achieved by means of progressive development. 321 

 322 
While the immediate implementation of a BIM appears to be constrained by the wider 323 

governance, there is still significant savings to be afforded by BIM if the challenge of 324 
producing models for existing infrastructure can be addressed. One option is to develop ‘not-325 
to-scale’ BIM models for the existing bridges which are produced from a defined set of 326 
inputs. By using BIM software with an open API framework, it is possible to produce a script 327 
to generate a baseline bridge model from the defined list of inputs. While the model does not 328 
take into account any details that are unique to the bridge (such as skew, camber, spacing 329 
between elements) and is dimensionally constrained, it provides a quick representation of the 330 
overall structure that can be used on site and can be developed further. This would ultimately 331 
enable the structure to be managed using BIM and hence, time and cost savings to be 332 
afforded (Lillenstein 2015). While the use of a model that is not geometrically accurate will 333 
be constrained for structural assessments, it enables asset owners to exploit the benefits of 334 
visually representing the structure and storing information in a single-source of truth. As 335 
outlined, the benefit of BIM is that it is able to be queried, with raw information ‘dumped’ 336 
back to excel for use in the current databases. This would ultimately provide a starting point 337 
for BIM and would help to familiarise key stakeholders and asset owners with BIM, whilst 338 
filling the void between complete as-built models and those existing assets without. However, 339 
for full integration of the technology into current practice, it is necessary to assess methods 340 
for developing geometrically accurate models with detailed parametric information assigned 341 
to the model in addition to identifying systems that are best suited to the needs of the asset 342 
owner. However, the means of developing models for the full inventory of asset owners is 343 
largely dependent upon the type of bridge structures encountered and may be addressed 344 



through such means as laser scanning, photogrammetric modelling and deriving models from 345 
as-constructed drawings.  346 

 347 
As highlighted, there remains the predicament of different operating platforms. While this 348 

is not necessarily something that will be completely addressed, there are continually steps 349 
being taken by software companies to find a middle ground, whether it be through reducing 350 
the data exchange issues of IFC or developing plugins to accept different model formats 351 
(Trimble Navigation Ltd 2015). 352 

 353 
8. Conclusion 354 
 355 

Maintenance and facility operations remain the most significant phase of a project 356 
lifecycle, ensuring the ongoing serviceability of a structure and safety to the travelling public 357 
and users. With limited research into optimising the current practices and introducing 358 
alternative approaches to collecting and integrating the asset management phase, it is clear 359 
that the asset management industry has stagnated and remained fixed on antiquated and 360 
obsolete practices. In this paper, the theory behind the development of advanced imaging 361 
processes and integration with BIM has been discussed. The use of advanced imaging 362 
techniques, in particular keypoint-based texture recognition, presents the potential to create a 363 
consistent means of inspecting structures by processing images collected from the visual 364 
inspection and housed in the BIM-asset management model. Besides, for quality assurance 365 
that is important in assets performance management, BIM and advanced imaging integrated 366 
techniques are envisaged to be of great help in streamlining and coping with the onerous and 367 
high-risk field work. The following are the conclusions drawn from the studies conducted: 368 

 369 
1) The ability to create a single point of truth and document the deterioration and works 370 

undertaken for a structure can significantly influence the evaluation of a structure’s current 371 
condition and the need for further remediation. 372 
 373 

2) Advanced imaging techniques have the potential to create a consistent approach to 374 
inspecting a structure and assessing for visual signs of deterioration. However, for this to 375 
be realised, further development of the machine learning algorithm and BIM interface are 376 
required. 377 
 378 

3) BIM has illustrated the ability to ensure collaboration and knowledge transfer across the 379 
entire lifecycle of a project, enabling more efficient and informed decisions throughout the 380 
asset management phase. 381 
 382 

4) For the implementation of BIM in bridge asset management, greater governance and steps 383 
towards standardisation, methodology for model generation and cross-platform 384 
collaboration issues are required to be addressed.  385 

 386 
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