
                          Nepomuceno, D. T., Vardanega, P. J., Tryfonas, T., Bennetts, J.,
Denton, S. R., Collard-Jenkins, S., Thackray, C., Green, J., & DiNiro,
M. (2021). Viability of off-site inspections to determine bridge defect
ratings. In H. Yokota, & D. M. Frangopol (Eds.), Bridge Maintenance,
Safety, Management, Life-Cycle Sustainability and Innovations -
Proceedings of the 10th International Conference on Bridge
Maintenaince, Safety and Management, IABMAS 2020: Proceedings
of the Tenth International Conference on Bridge Maintenance, Safety
and Management (IABMAS 2020), Sapporo, Japan, 11-15 April 2021
(pp. 3688-3695). (Bridge Maintenance, Safety, Management, Life-
Cycle Sustainability and Innovations - Proceedings of the 10th
International Conference on Bridge Maintenaince, Safety and
Management, IABMAS 2020). CRC Press/Balkema, Taylor & Francis
Group. https://doi.org/10.1201/9780429279119-501
Peer reviewed version

Link to published version (if available):
10.1201/9780429279119-501

Link to publication record in Explore Bristol Research
PDF-document

This is the author accepted manuscript (AAM). The final published version (version of record) is available online
via Taylor & Francis at https://www.taylorfrancis.com/chapters/edit/10.1201/9780429279119-501/viability-site-
inspections-determine-bridge-defect-ratings-nepomuceno-vardanega-tryfonas-bennetts-denton-collard-jenkins-
thackray-green-diniro . Please refer to any applicable terms of use of the publisher.

University of Bristol - Explore Bristol Research
General rights

This document is made available in accordance with publisher policies. Please cite only the
published version using the reference above. Full terms of use are available:
http://www.bristol.ac.uk/red/research-policy/pure/user-guides/ebr-terms/

https://doi.org/10.1201/9780429279119-501
https://doi.org/10.1201/9780429279119-501
https://research-information.bris.ac.uk/en/publications/5c8932b9-12fd-405a-895b-3c11d63150f6
https://research-information.bris.ac.uk/en/publications/5c8932b9-12fd-405a-895b-3c11d63150f6


 

 

1 INTRODUCTION 

1.1 Research motivation 

Bridges are vital components of any national road 
network. Their strategic locations in otherwise inac-
cessible areas and the expensive and potentially fatal 
consequences when they fail (Adey et al 2019) mean 
that it is vital that they are maintained effectively.  
Inspection is a key part of their maintenance which 
must be done routinely, rather than confined to when 
breakdown occurs. In the UK, there are over 100,000 
bridges across England (Brady et al 2003, Hearn 
2007). Of this number, approximately 8,500 bridges 
are part of the Highways England (HE) network of 
trunk roads and is therefore their responsibility to 
maintain. The greater majority of the remaining 
structures fall under the remit of local highway au-
thorities or Network Rail (Jandu 2008, Parlikad & 
Catton 2018). 

Visual inspection remains the most common form 
of bridge condition assessment in the UK (Bennetts 
et al 2019), which falls under the structural health 
monitoring (SHM) category of ‘damage detection’ 
(Webb et al 2015). However, visual inspections can 
be subjective and past studies on their reliability 
suggest that there are shortcomings to inspection 
practices, which influences the subsequent condition 
data (Bennetts et al 2018). Furthermore, undertaking 

visual inspections can cause network disruption and 
often represents a significant burden on a bridge 
owner’s budget. Therefore, an opportunity emerges 
to consider how to ‘operationalise’ the current visual 
inspection process; minimising inefficiencies, while 
retaining the benefits of engineering judgement from 
competent inspectors. 

This paper focuses on the variability in the identi-
fication and grading of defects between an on-site 
inspector and a ‘virtual’ inspector (i.e. not on-site at 
the time of inspection). This study explores the idea 
that separating the task of image capture, from the 
interpretation and scoring of defects could potential-
ly be a pragmatic approach to facilitate the adoption 
of innovations across the inspection workflow. 
However, there is very little data regarding the effect 
of separating the inspection process in this way on 
the reliability of inspection data. 

1.2 Background to bridge inspection in England 

Table 1 shows a timeline of milestones relating to 
bridge inspection guidance and practice in England. 
The current industry standard for the visual inspec-
tion of bridges is based on a cycle of General Inspec-
tions (GI) and Principal Inspections (PI), collectively 
described as routine inspections (Table 2). These are 
further explained in Section 1.3. In 1977, the Tech-
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ABSTRACT: This paper examines the viability of remote, image-based assessments to rate bridge defects in 
the UK. General Inspections are typically undertaken on all bridges in a stock every two years and is one of 
the primary methods of stock assessment by bridge owners. However, past studies have shown that they are 
subjective and potentially unreliable. This inspection process could be split up into six fundamental stages: (1) 
planning & preparation, (2) image capture, (3) defect identification, (4) defect grading, (5) interpretation of 
change over time, and (6) maintenance decision-making. In current UK industry practice, going through these 
stages is often a labour-intensive manual process. By framing the inspection workflow in this way, work can 
be done to investigate if these stages can be ‘operationalised’, without reducing the reliability of the overall 
process. This study explores the factors that affect the accurate obtaining of defect ratings, where image cap-
ture and defect interpretation are explicitly separated. A simple comparison of defect ratings obtained from an 
on-site and off-site inspection is carried out on four defects. The results were found to be similar, with plans 
being made to expand this into a large-scale trial. Barriers to a remote, image-based inspection are discussed 
and a potential future architecture for an inspection workflow is suggested. 



 

 

nical Memorandum BE4/77: The Inspection of 
Highway Bridges (DoT 1977) was published by the 
Department of Transport (DoT). This document in-
troduced four inspection categories, which included 
GIs and PIs. In 1983, The Bridge Inspection Guide 
(DoT 1983) was released. This recommended the 
use of ‘extent’ and ‘severity’ as the primary method 
of defect assessment which is still in use today (see 
Section 1.3 for further details). The document groups 
defects under the four main categories of Founda-
tions, Substructures, Superstructures and Compo-
nents, and provides 24 photographic examples of de-
fects.  
 
Table 1.  Historical milestones relating to bridge in-
spection guidance and practice in England, UK (in-
formation from DfE (1971), OECD (1976), DoT 
(1977), DoT (1983), DoT (1984), TSO (2007), HE 
(2007)). 
Date Milestone 
1971 An Interim Memorandum (Bridges) IM13 (DfE 

1971) is produced by the Department for Environ-
ment. Bridge structures over 3m span are to be in-
spected every year, against a checklist of 29 items, 
with condition assessed as ‘fair’ or ‘poor’. 

1976 OECD releases a Bridge Inspection study (OECD  
1976), recommending an inspection regime which is 
subsequently adopted by many countries. 

1977 Technical Memorandum BE4/77: The Inspection of 
Highway Bridge (DoT 1977) is published, setting out 
the General/Principal Inspection regime used today. 

1983 The Bridge Inspection Guide (DoT 1983) is issued, 
recommending that defect assessment should be 
made according to ‘extent’ and ‘severity’. 

1984 BD22/84: Inspection and Records of Highway Struc-
tures (DoT 1984) is published, superseding BE4/77. 
Information on all structures greater than 3m span is 
required. Also required degree of priority that should 
be given to repairs (‘high’, ‘medium’, ‘low’). 

2001 SMIS released and made available to service provid-
ers replacing Highways Agency’s previous National 
Structures Database (NATS). 

2007 Inspection Manual for Highway Structures published 
by The Stationery Office (TSO 2007). 
BD 63/07 (HE 2007) is released by the Highways 
Agency; requires all bridges and similar structures 
with a clear span or internal diameter greater than 0.9 
m to be inspected. 

2019 Integrated Asset Management Information System 
(IAMIS) released, replacing SMIS. 

 
Today, UK highway bridge inspection require-

ments are set out in BD 63/17 (HE 2017) and applies 
to all trunk roads in the UK – subject to any specific 
additional Country requirements in Wales, Scotland 
and Northern Ireland. A main guiding principle for 
inspections given is ‘To detect in good time any de-
fect that may cause an unacceptable safety or ser-
viceability risk or a serious maintenance requirement 
in order to safeguard the public, the structure and the 
environment and to enable appropriate remedial ac-
tion to be taken’ (HE 2017, cl. 1.8.1a). 

1.3 Current bridge inspection practice 

This paper is principally concerned with GIs which 
are typically performed every two years (BD63/17; 
Table 2). Inspections are undertaken by the asset 
owner, or sometimes delegated to contractors, who 
are appointed to maintain certain assets for a number 
of years. For bridges on the Highway England net-
work, this is done through a variety of different of 
contract types, depending on which area of the coun-
try they are situated (HE 2019). These contractors 
are hereby referred to as ‘service providers’ in this 
paper. 
 
Table 2. BD 63/17 inspections (data from HE 2017) 
Type Interval Description 
General 2 years ‘A visual inspection of all parts of 

the structure that can be inspected 
without special access equip-
ment…’ (from cl. 3.5.2) 

Principal 6 years ‘…a close examination, within 
touching distance, of all inspecta-
ble parts of a structure (from cl. 
3.6.2) 

 
 During GIs, defects observed are noted and photo-
graphed on-site. Notes are usually handwritten, 
though the use of tablets by inspectors is increasing. 
Inspectors typically build up a view of the defects in 
their mind as they inspect a structure and use the 
photos as a reminder when digitally recording the 
defects (usually at a later date). Defects are recorded 
against its type, as well as its ‘extent’ and ‘severity’. 
The relevant degrees of these can be found in Sterritt 
(2002). Extent and severity are at the core of bridge 
defect assessment, though they can be adapted by as-
set owners. For example, when recording defects for 
Highways England structures, severity codes are cat-
egorised into different severity types (which are de-
pendent on the defect type) and are suffixed with an 
S if they are judged to be an urgent safety concern. 
 Asset owners often employ Bridge Management 
Systems (BMS) which enable ‘storage, manipula-
tion, management and retrieval’ of asset data in or-
der to support asset management and maintenance 
planning (UKRLG 2013). Included in the BMS is an 
inventory of components for each individual struc-
ture. Defects are assigned to these individual com-
ponents in the inventory. For bridges on England’s 
strategic highway network, service providers must 
store inspection reports on the Structures Manage-
ment Information System (SMIS), a BMS developed 
by Highways England. SMIS has been used by the 
relevant service providers since 2001 (see Table 1), 
providing operational support for managing struc-
tures throughout their entire life cycle. It allows for 
inspection related activities such as the regular in-
spection and recording of defects at component level 
and the creation of maintenance actions to fix de-
fects (Allison 2005). 



 

 

As of October 2019, SMIS has been superseded 
by a new BMS; the Infrastructure Asset Management 
Information System (IAMIS). This new tool features 
a more intuitive user interface and adds the ability to 
analyse data geospatially and visualise structure lo-
cations on a map. In England, this is considered as 
another milestone in the process of inspection and 
aims to positively impact decision-making. In order 
to facilitate transition, training on the new system for 
bridge inspectors is currently ongoing.  

To make effective maintenance decisions, the in-
spection data must be used in conjunction with the 
structure inventory to obtain a quantitative measure 
of the overall condition of a bridge stock. A widely 
used metric in the UK is The Bridge Condition Indi-
cator (Sterritt 2002). This metric was developed to 
enable the condition scoring of a bridge asset based 
on the defect scores applied to individual compo-
nents. These indicators are important to the mainte-
nance process but are outside the scope of this paper. 
Further reading can be found in the relevant UK na-
tional guidance (CSS 2007). 

1.4 Fundamental stages of visual inspection 

Bennetts (2019) puts forward five fundamental stag-
es of a potential visual inspection workflow: (1) im-
age capture, (2) defect identification, (3) defect grad-
ing, (4) interpretation of change over time, and (5) 
maintenance decision-making.  In this paper, a sixth 
stage is added – ‘planning and preparation’ (Fig. 1). 
This entails reviewing past inspection reports of a 
structure. Bennetts (2019) posits that if bridge in-
spections are restructured into such a workflow, and 
explicitly separated, then bringing innovation to each 
stage would be more achievable. This paper broadly 
focuses on the first three stages – what is the viabil-
ity of an ‘off-site’ inspection, where an individual 
who is provided with defect images can accurately 
rate defects having not been ‘on-site’? What are the 
current barriers to this? If it can be demonstrated that 
separating image capture from interpretation does 
not overly compromise the reliability of the data, 
then this framework could enable the application of 
emerging innovations (see Section 5). 

 

 
Figure 1. Fundamental stages of a potential bridge inspection 
workflow (data from Bennetts 2019). 

2 THE LIMITATIONS OF VISUAL 
INSPECTIONS 

2.1 Hidden defects and network disruption 

Due to the nature of visual inspections only focusing 
on ‘visible’ parts of a structure, they will inherently 
miss out any hidden defects. ‘Hidden’ can be defined 
as ‘inaccessible for inspection without excavation or 
removal of material’ (Collins et al 2019, p.44). Col-
lins et al (2019) points out that the existing regime of 
inspections are primarily reactive to hidden defect 
risks, and endorses a more proactive method of in-
spection, which includes regular routine examina-
tions of hidden defects. Also, some visual inspec-
tions require Traffic Management (TM), where 
whole lanes of a motorway are closed, causing dis-
ruptions to the highway network which has econom-
ic and social implications (Colford et al 2019). 

2.2 The reliability of visual inspections 

The main limitation of visual inspections is their re-
liability. Wallbank (1989) states that ‘When record-
ing and comparing the visual condition of a wide va-
riety of bridges it is difficult to be precise and 
consistent’. Compared to other areas of bridge moni-
toring research, the study of the reliability of visual 
inspections has been relatively unexplored. Howev-
er, Lea & Middleton (2002), Middleton (2004), and 
Bennetts (2019) give reviews in this area. Both high-
light the need for inspector training and espouse the 
number of human factors that affect inspection relia-
bility. In the UK, this is being addressed by rolling 
out the Bridge Inspectors Certification Scheme 
(BICS) (Lantra 2020).  

2.2.1 Moore et al (2001) 
Moore et al (2001) claim to present the first com-
plete study into the reliability of bridge visual in-
spections. The study outlines a trial programme con-
ducted in the USA, which involved 49 practicing 
bridge inspectors from 25 US states. Participating 
inspectors were instructed to carry out seven routine 
inspections and three in-depth inspections. In the 
UK, these are comparable to GIs and PIs respective-
ly. Elements from each bridge were assigned a con-
dition rating using a numerical scale from 0 (zero) to 
9, where 0 corresponds to element failure, and 9 sig-
nifies excellent condition. The study found that a 
normal distribution was observed in the condition 
ratings resulting from five of the routine inspections, 
demonstrating inconsistency in the condition rating 
assignment between inspectors. More specifically, 
95% of condition ratings would be assigned over ±2 
from the mean, indicating a spread of four to five 
ratings on the same bridge element (Moore et al 
2001). The study concluded that routine inspections 
are completed with significant variability (Moore et 
al 2001). 



 

 

2.2.2 Bennetts et al (2018) 
A more recent study has been conducted by Bennetts 
et al (2018). This is a significant study as it is the 
first to pertain to the ‘extent’ and ‘severity’ defect 
rating system in the UK, and it is the largest study of 
its kind worldwide, to date. It compares the rating of 
defects recorded by two independent inspectors 
across 200 bridges on the Highways England net-
work. The two inspectors for each bridge structure 
were comprised of one inspector from the relevant 
service provider carrying out the scheduled routine 
PI, and one inspector from WSP Ltd, who identified 
and scored defects independently, but did not carry 
out a full inspection. Defects were assessed accord-
ing to type, severity and extent. The inspections in 
the study spanned from November 2014 to October 
2016. 

The results were significant. Considerable varia-
tion was observed between individual inspector’s re-
cording of defects. Almost 30% of the defects rec-
orded by WSP’s inspectors could not be identified 
with an equivalent defect in the PI reports produced 
by the service provider. Table 3 shows the percent-
age agreement between defect assessment criteria of 
the 988 independently recorded defects that could be 
directly compared between both inspectors (Bennetts 
et al 2018). 

It was also observed that defect classifications 
were especially inaccurate for concrete defects. Ben-
netts (2019) alludes to the lack of universal guidance 
on defect ratings used in SMIS, and how this may 
have contributed to inconsistencies between different 
maintenance areas. Overall, the study was successful 
in quantifying the variability found in the defect rat-
ings, thus highlighting the ‘significant uncertainty in 
the classification and grading of individual defects 
during the visual inspection process’ (Bennetts et al 
2018). Though this study used PI data, this finding 
can also be applied to GIs as the diligence and accu-
racy of recording and assessing visible defects 
should be the same for both types of inspection. 

 
Table 3 Percentage agreement between defect as-
sessment criteria (data from Bennetts et al 2018) 
Defect assessment criteria Percentage agreement 
Type, severity and extent 21% 
Severity 53% 
Extent 59% 
Severity and extent 34% 
Type 58% 
Overall class 78% 
 
 
 
 

2.3 Previous work on the comparison of on-site and 
off-site bridge defect assessment 

McRobbie et al (2007) found that it was possible to 
perform a visual assessment of a bridge structure us-
ing images alone. An on-site inspection of a bridge 
in the UK was conducted, employing the ‘extent’ 
and ‘severity’ scale (see Section 1.2). This on-site 
inspection comprised (1) a general assessment of the 
overall bridge condition and its external and internal 
walls, and (2) a detailed assessment on the unique 
defects observed. The general assessment used a 
scoring system created specifically for this study; 
from 0 (zero) to 6, with zero signifying severe dete-
rioration, and 6 denoting sound condition with no 
maintenance needed. The detailed assessment in-
volved noting the severity, extent and location on the 
bridge of the following defects cracks, wet or damp 
surfaces, spalling, rust and other obvious defects 
(McRobbie et al 2007). 

The image-based procedure followed the same as-
sessment guidelines as the on-site inspection but 
employed image display software to present appro-
priate photos on a 15-inch monitor (McRobbie et al 
2007). A vertical display level of greater than two 
metres was set for the images used in the general as-
sessment. For the detailed assessment, a display lev-
el between one and two metres was used. 

The results of this image-based condition assess-
ment were found to be similar with the results of the 
on-site inspection. On average, a difference of less 
than 1 unit of scale was found in the reported general 
condition of the bridge, with the image-based as-
sessment resulting in slightly higher condition rat-
ings (McRobbie et al 2007). For the detailed assess-
ment, the same severity ratings were given from both 
methods, though the image-based inspection report-
ed a slightly higher extent rating. McRobbie et al 
(2007) say this may be put down to the on-site in-
spectors tending to only report more obvious defects. 
This work was subsequently extended and forms a 
series of projects on the automated inspection of 
highway structures (McRobbie 2009, McRobbie et al 
2007, 2015). 

3 DEFECT RATING COMPARISON 

This section presents a simple comparison of defect 
ratings given by an on-site inspector and a ‘virtual’ 
inspector (i.e. who was not on-site) for four separate 
defects. The first author took the role of the virtual 
inspector. The on-site defect data comes from GIs 
undertaken on bridge structures: (1) on the strategic 
highway network in the south west of England (re-
ferred to as AO1), and (2) in a home County in the 
East of England (referred to as AO2). 

Two different asset owners and inspection teams 
are represented in each instance, though WSP Ltd 
act as the service provider for both. Having spent 



 

 

time observing and undertaking the inspection pro-
cess of each team, it can be confirmed that both in-
spection teams largely follow the fundamental stages 
of visual inspection outlined in Figure 1. The main 
differences include the BMS utilised by the asset 
owner, and slight adaptations to the defect type 
codes used. 

The virtual inspector was presented with an image 
folder for each structure included in the series of GIs 
undertaken. As per guidance for inspection photo re-
quirements for GIs, this included photos taken at 
time of inspection of elevations, expansion joints, 
parapets, parapet connectors, access doors, walk-
ways and anything else significant to the structure; 
as well as photos of defects. Images were viewed on 
a 24-inch HD monitor. A notable defect was chosen 
at random and rated against ‘severity’ and ‘extent’. 
These ratings were then compared to the correspond-
ing defect rating data provided by the asset owners. 
Photos of the four defects are shown in Figures 2 
and 3. 

 

a) b) 
Figure 2. a) Defect A: vertical crack to north pier, b) Defect B: 
calcite staining throughout structure. (Photos: C. Thackray) 

 

a) b) 
Figure 3. a) Defect C: damaged parapet, b) Defect D: deterio-
rated bearing plate. (Photos: M. DiNiro) 
 

The resulting defect ratings are shown in Table 4. 
The ratings given by the virtual inspector were simi-
lar to the ratings given by the on-site inspector. The 
severity ratings agreed on all four defects. However, 
the extent was rated one lower for Defects A and B. 
This alludes to the clear advantage of an on-site in-
spector having multiple viewpoints of a structure, 
giving them a greater ability to measure extent. 

 This exercise contains too small a sample size 
to make any conclusions, but further work is planned 
to expand it to include a much larger number of de-
fects with multiple experienced inspectors. Howev-
er, it has been effective in highlighting the factors to 

consider if ‘off-site’ inspection accuracy were to be 
increased. This is explored in the next section. 
 
 Table 4. Resulting defect ratings 
Defect Asset 

owner 
Off-site 
rating 

On-site 
rating 

Sev. diff. Ext. diff. 

A AO1 2C 2D 0 -1 
B AO1 2C 2D 0 -1 
C AO2 2B 2B 0 0 
D AO2 3D 3D 0 0 
 

4 BARRIERS TO EFFECTIVE OFF-SITE 
INSPECTION 

There are obvious advantages to being present on-
site when inspecting a structure. Though if one were 
to examine the viability of remote, image-based in-
spection to effectively rate defects, what would the 
main barriers be? As a starting point, it is useful to 
consider this in terms of the main human senses em-
ployed during on-site visual inspections: sight, sound 
and touch. 

The most self-evident factor is sight. Being on-
site allows you to view a structure and examine de-
fects with the naked eye from many different points 
of view. One also gets an immediate sense of scale 
which cannot be replicated using 2D images. Depth 
of perception is also impaired when viewing defects 
through a 2D image. McRobbie et al (2007) thor-
oughly explore these issues and develops an image 
capture methodology that attempts to reduce the 
phenomena of parallax and perspective shift. A more 
process-related issue is the consistency of photo-
graph quality. Asset owners may stipulate key bridge 
components to be photographed during routine in-
spections, however there is no recommended guid-
ance image capture methodology, regarding factors 
such as field of view, level of display of defects etc. 
Furthermore, individual inspectors will all produce 
non-uniform photographs due to factors such as the 
inspector’s height, knowledge and ability of photog-
raphy, as well as quality of equipment. Habits will 
even come into play, regarding how far one stands 
from a structure when taking photos. The level of 
light will also vary depending on the weather, time 
of day and the amount and type of artificial light in 
the vicinity. 

Regarding sound, inspectors conducting GIs 
should employ hammer taps to examine areas which 
they believe to be faulty. This especially applies to 
concrete components, where delamination can often 
indicate incipient spalling. Hammers are used to tap 
suspect surfaces to listen for areas of hollowness, 
and chalk is used to mark the estimated delamination 
area. Touch is also employed to get a literal feel for 
parts of the structure. This is usually done to check 
issues such as the stability of majorly spalled and 
corroded areas, the looseness of screws and bolts, 



 

 

and the resilience of paintwork etc. This ability is 
clearly hindered if a remote, image-based inspection 
is undertaken. 

Intuition may also be impaired. For effective off-
site inspection to be widespread, national standards 
for inspector training will have to be rigorous in or-
der to ensure defect interpretation is consistent. Ap-
propriate training for those capturing images and 
taking scans of structures will also have to be con-
ducted. This could be incorporated into the BICS be-
ing used in the UK (Lantra 2020). 

5 DISCUSSION 

The rapid emergence of digital technologies has 
paved the way for innovation in the bridge industry. 
Research efforts have been undertaken with the 
complete automation of the inspection process in 
mind. Automated drones have particularly been a 
buzz – can they go out and obtain inspection data for 
us? Can algorithms be developed that can automati-
cally rate defects, predict future deterioration and 
plan optimum interventions? Whilst undertaking this 
research is worthwhile, from an industrial point of 
view, transitioning to this ‘dream’ of fully automated 
inspections from the current manual system is un-
likely to be possible in a single step. 

As mentioned, if the fundamental stages of visual 
inspection can be explicitly recognised and separated 
(mainly image capture from the latter four stages, 
which could be categorised as data processing), 
without overly affecting the reliability of the overall 
inspection process, then adoption of innovation at 
each stage could be easier to facilitate (denoted in 
Figure 4). This could include emerging innovations 
in fields such as image processing (McRobbie et al 
2007, 2015), drones (Dorafshan & Maguire 2018, 
Duque 2018, Chen et al 2019), virtual reality (Omer 
et al 2019), robotics (Charron et al 2019, Phillips & 
Narasimhan 2019), computer vision (Oh et al 2009) 
and data fusion (Sun et al 2019). A review of tech-
nology that can enhance visual inspections can be 
found in McRobbie et al (2015). 

 

 
Figure 4. Possible adoption of innovations into each fundamen-
tal stage of the visual inspection process. 

5.1 Potential system architecture for future use 

Figure 5 illustrates the system architecture for a po-
tential inspection workflow. This is subject to the 
demonstration that the separation of image capture 
from defect interpretation provides adequately com-
parable results to on-site inspection. In this system, 
the role of on-site teams is to ensure that high-
quality image capture is performed rigorously. This 
may involve the use of high-resolution cameras, 
drones (Tomiczek et al 2019), LIDAR (Omer et al 
2019) and/or an automated image capture system 
such as the one employed in McRobbie et al (2015). 
The resulting images are sent off-site to the service 
provider office. There may be a pre-processing team 
that stitches the images together to form a 3D model 
or to double check the quality of the images. The re-
sulting high-quality can also be stored onto an inter-
nal service provider database for future reference. 
Over time, as more bridges are inspected using this 
new regime, the number of high-quality image mod-
els for each structure on the asset owner’s network 
would increase. 
 

 
Figure 5. System architecture for future use case between asset owner and delegated service provider 



 

 

 This inspection workflow has potential advantages 
over the current labour-intensive, manual workflow. 
In theory, the division of labour implied by this pro-
cess would improve operational efficiency. The first 
time a bridge is inspected in this way may be time 
consuming, as optimum image capture point posi-
tions are determined. However, once these are accu-
rately measured and stored, the subsequent inspec-
tion should take significantly less time. Advantages 
of less time spent on-site include the reduction in 
H&S risk to the bridge inspector and network users, 
and the reduced need for TM. Dependent on the 
technology employed (e.g. drones), closer imagery 
for deck soffits over rivers and valleys could also be 
obtained without the need for roped access or under-
bridge units. Furthermore, parts of the bridge which 
are currently not in the scope of a GI (confined spac-
es such as the insides of culverts and bridges con-
fined spaces) could now be included 

However, not enough is known about the image 
capture process at this stage to conclude this. Bridg-
es in an asset stock are unique and can vary hugely 
in complexity. A steel lattice girder bridge, for ex-
ample, would be complex to photograph at all the 
angles needed to check for corrosion traps and dete-
rioration. Bridges with numerous bearings would 
need them all to be photographed so the off-site as-
sessor could view every single one. However, in the 
current process, an inspector looks at each bearing, 
makes notes on their condition, but only photographs 
typical examples of sound and defected bearings – as 
opposed to all of them. The trade-off in time be-
tween photographing every part of a bridge against 
the current inspection process must be explored. 
Perhaps this workflow could be applied to bridges of 
a less complex construction at first. 

This potential inspection workflow could even 
have implications on the current business model. A 
service provider could theoretically build up a large 
database of high-quality, reproducible images for 
structures under their remit, and start to market it as 
a product to asset owners. This would however bring 
up thematic issues such as data ownership and secu-
rity. Who has explicit ownership of image data that 
represents an asset owner’s structure, but was cap-
tured by a service provider? If this theoretical data-
base increases in value to match the cost of current 
service contracts, increased security measures will 
have to be put in place to safeguard the data.  

Lastly, one may wonder if such a system would be 
welcomed by bridge inspectors. Many enjoy the mo-
bile, outdoor aspect of their job - getting out of the 
office and visiting bridges. 

6 SUMMARY & CONCLUSIONS 

This paper investigates the viability of off-site in-
spections to determine bridge defect ratings. A sim-

ple comparison of results obtained from an on-site 
and off-site inspection has been carried out on four 
defects. Barriers to a remote, image-based inspection 
are put forward and a potential future architecture for 
an inspection workflow is presented and discussed. 
The following recommendations for further work 
can be made: (a) Larger-scale studies into the differ-
ences in condition assessments produced between 
on-site inspections and remote, image-based assess-
ment. Plans are being made by the first author to un-
dertake this, (b) investigations into reducing the bar-
riers to effective ‘off-site’ inspections, and (c) 
further examination into how the fundamental stages 
of visual inspection can be restructured to develop 
an offsite ‘virtual’ inspection methodology. 
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