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Abstract

Scour, the erosion of sediment around bridge foundations caused by water flow,
poses a serious threat to structural stability, particularly during high-water events
such as floods. Network Rail has identified scour as the leading cause of bridge
failures in the UK over the past century, with approximately 4500 structures cur-
rently at risk. This paper underscores the urgent need for enhanced scour monitor-
ing, a need that is increasingly important due to the rising frequency of flood events
driven by climate change. It critically reviews recent advances in scour monitoring
technologies, focusing on systems that measure scour depth or detect structural
dynamic changes. The review highlights emerging methods including interferomet-
ric synthetic aperture radar, water penetrating radar, electromagnetic probes, un-
derwater sonar scanning, as well as vibration-based techniques such as natural fre-
quency, mode shape and operating deflection shape analysis, and indirect
approaches using drive-by monitoring, computer vision, and satellite-based syn-
thetic aperture radar. These advancements are needed for developing more resilient
infrastructure management strategies and the paper includes a comparative evalu-
ation of the benefits and limitations of each approach.

Keywords

Bridge Scour Monitoring, Structural Health Monitoring, Climate Change

1 Introduction

Bridge infrastructure plays a crucial role in maintaining
connectivity, supporting economic activity, and safeguard-
ing public safety across both urban and rural landscapes
[1]. In the UK and Ireland, where thousands of bridges
span rivers and estuaries, ensuring the stability and safety
of these assets is of paramount importance. However, cli-
mate change is presenting new challenges to the durability
of transport infrastructure, particularly through increased
rainfall intensity and more frequent flooding events. One
of the most significant threats arising from these hydro-
logical changes is scour, the erosion of sediment around
bridge foundations caused by fast-flowing water. Scour
can seriously compromise structural integrity and is rec-
ognized as the leading cause of bridge collapse in the UK,
with over 4500 structures currently identified by Network
Rail as being at risk [2].

As extreme weather events become more frequent, the
need for real-time, accurate, and cost-effective scour
monitoring solutions is becoming apparent. Traditional vis-
ual inspections are often inadequate, especially during or
immediately after flood events [3]. This has driven a surge
in research into advanced scour monitoring technologies.
In recent years, researchers in the UK and Ireland have

investigated a variety of innovative solutions, ranging
from instrumentation-based systems, such as sonar sen-
sors, tilt meters, and fibre optic cables, to vibration-based
techniques that detect scour by monitoring changes in a
bridge’s dynamic response.

Although several previous reviews have explored bridge
scour monitoring from global or thematic perspectives [4-
6], many have concentrated on individual technologies—
such as vibration-based methods [7], sensor network ar-
chitectures [8], or data-driven analytical frameworks [9]—
and often generalize findings across international contexts
[10-11]. As a result, these reviews frequently overlook re-
gion-specific challenges that are unique to the UK and Ire-
land, including distinct climatic patterns, ageing infrastruc-
ture, varied hydrological conditions, and local asset
management practices.

This review addresses that gap by synthesising research
and case studies specific to the UK and Ireland, offering a
contextualised understanding of how both conventional
and emerging scour monitoring systems are being applied
in practice. It examines recent developments in instru-
mentation-based and vibration-based monitoring tech-
niques and also explores novel approaches such as drive-
by monitoring, which uses vehicle-mounted sensors to
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passively assess bridge condition during routine traffic. By
consolidating current advancements, this review aims to
provide a comprehensive overview of monitoring prac-
tices, highlight promising directions for future research,
and support the shift towards smarter, more resilient in-
frastructure management.

2 Methodology

To support this review, a scientometric analysis was con-
ducted to investigate the research landscape of bridge
scour monitoring, with a particular focus on developments
in the UK and Ireland. The methodology closely follows the
approach adopted by Fayyad et al. [12] in their scien-
tometric study on drone-based structural health monitor-
ing. The analysis was carried out using the Scopus data-
base (https://www.scopus.com/), with the search
restricted to documents containing the phrase “bridge AND
scour AND monitoring” search within the “Article title, Ab-
stract, Keywords”.

The initial search returned a total of 551 documents. To
narrow the scope to region-specific contributions, the re-
sults were filtered to include only studies affiliated with
institutions or research projects based in the UK and Ire-
land, specifically, those with at least one co-author affili-
ated with an institution in the UK or Ireland, yielding 86
documents. One paper, which focused on scour monitoring
for a tidal turbine rather than a bridge structure, was ex-
cluded from further analysis.

The final dataset comprised 85 relevant publications.
These were reviewed to identify key research trends,
methodological advancements, and the emergence of new
technologies in scour monitoring. This analysis provided
both a quantitative and qualitative foundation for evaluat-
ing instrumentation-based and vibration-based ap-
proaches, while also highlighting emerging research direc-
tions within the UK and Ireland.

3 Instrumentation-based approaches

Instrumentation-based approaches for bridge scour moni-
toring have attracted considerable attention due to their
ability to deliver continuous, real-time, and quantitative
assessments of scour depth and progression [13]. In con-
trast to traditional visual inspections—which are often sub-
jective, time-consuming, and restricted to accessible con-
ditions—these methods employ sensor technologies
installed on or near critical bridge components to directly
or indirectly detect scour-related changes. A wide range of
sensor types are utilised, including electromagnetic
probes, sonar systems, fibre optic sensors, and accel-
erometers. These technologies enable the detection of
subsurface erosion, foundation exposure, and structural
response variations induced by scour, thereby supporting
timely and informed decision-making by asset managers.

The integration of such sensors within advanced data ac-
quisition and processing systems further enhances the re-
liability and accuracy of scour assessments, particularly
during adverse conditions such as flood events, when
manual inspections are either impractical or unsafe. Alt-
hough challenges remain—such as high installation costs,
sensor durability, and the complexity of data interpreta-

tion—instrumentation-based monitoring represents a sig-
nificant step towards proactive and data-driven infrastruc-
ture management. This section reviews the current state
of instrumentation techniques, outlining their working
principles, practical applications, benefits, and limitations.
Several representative examples are discussed to illus-
trate their role in modern scour risk mitigation strategies.

Interferometric Synthetic Aperture Radar (InSAR):
Selvakumaran et al. [14-15] demonstrate the use of In-
SAR for monitoring scour-prone bridges, using the partial
collapse of Tadcaster Bridge in England on 29 December
2015 as a case study. By analysing 48 TerraSAR-X satellite
images with the Small Baseline Subset InSAR technique,
the study detected significant ground movement at the
failure site more than a month prior to the collapse, high-
lighting InSAR’s potential as an early warning tool in
scour-related structural health monitoring.

Water Penetrating Radar (WPR): WPR, a modified
form of Ground-Penetrating Radar adapted for underwater
use, is a non-destructive technique for detecting subsur-
face features such as scour holes and sediment layers.
Campbell et al. [16] investigate the application of inte-
grated geophysical methods, primarily WPR, comple-
mented by sonar, to assess scour and infill around bridge
foundations. While sonar is effective at imaging the water-
sediment interface, WPR performs particularly well in shal-
low freshwater environments, where sonar may be hin-
dered by sediment, vegetation, or gas interference. High-
quality WPR data, collected from small vessels, enabled
bathymetric mapping and the identification of potential
scour-prone areas. The study highlights the benefits of
combining WPR and sonar for the accurate assessment of
underwater bridge structures.

Electromagnetic probes: Building on principles similar
to those of water-penetrating radar, some researchers,
such as Michalis et al. [17] develop custom sensor probes
incorporating integrated electromagnetic sensors to detect
changes in dielectric permittivity near bridge foundations.
Their novel wireless sensor system is designed to measure
scour depth and sediment deposition in real time. It can
distinguish between in situ and re-deposited sediments,
providing valuable insight into the foundation’s load-bear-
ing capacity. Validated through laboratory flume experi-
ments and static scour simulations, the sensors demon-
strated high sensitivity and cost-effectiveness for real-
time monitoring. Maroni et al. [18] present a field-de-
ployed scour monitoring system using smart electromag-
netic probes installed at the A76 200 Bridge in Scotland.
These sensors continuously recorded scour progression
over a period of nearly two years, successfully capturing
bed level changes and validating measurements during
peak flood events. This method offers a practical and reli-
able alternative to diver-based inspections, enhancing
safety and ensuring more consistent structural monitoring.

Underwater sonar scanning: Unlike water-penetrating
radar, Rogers et al. [19] propose a novel rotating-head
sonar profiler mounted on a sliding mechanism to map
complex scour hole geometries around vertical cylinders
simulating bridge piers. This scanning technique captures
high-density elevation data with a precision of approxi-
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mately £1.5-2 mm, enabling quasi-non-invasive meas-
urements suitable for clear-water conditions. Experimental
trials using cylinders of varying diameters showed that
monitoring the entire scour hole over time—rather than
focusing solely on maximum depth—provides deeper in-
sights into the development of scour. Notably, the study
found that scour volume scales with the cube of the max-
imum depth, following three distinct linear regimes. The
third regime, referred to as the "crossover point," signifies
a transition where turbulent energy production plateaus
and erosion rates begin to decline. This stage is character-
ised by a balance between sediment erosion at the pier
front and deposition along the sides. Identifying this cross-
over point may help define key temporal and spatial
scales, contributing to more accurate scour modelling and
prediction.

Other instrumentation-based techniques: In addition
to the core technologies discussed above, a wide range of
other instrumentation-based techniques are being ex-
plored in both laboratory and field settings to enhance
scour monitoring capabilities. Porter et al. [20] evaluate
photogrammetry, echosounder profiling, and calibrated
piles for measuring scour depth during experiments, intro-
ducing an underwater camera system that delivers accu-
rate quantitative results alongside valuable qualitative im-
agery. Pregnolato et al. [21] assess eight different
technologies for railway bridge scour monitoring in the UK,
ranging from direct sensors—such as sonar, fibre Bragg
grating sensors, and electromagnetic probes—to indirect
devices including micro-electro-mechanical systems
(MEMS) tilt sensors and ultrasonic water level sensors.
Similarly, Xu et al. [22] introduce instrumented particles
to detect potential destabilisation of rip-rap protection lay-
ers under extreme flows, demonstrating their potential to
identify entrainment mechanisms through flume-based
studies.

Recent developments also highlight the potential of low-
cost or non-contact approaches. Perugini et al. [23] pro-
pose an image velocimetry-based method integrated with
scour models for critical bridge monitoring, while Koursari
et al. [24] present a “Smart Bridge” framework for envi-
ronmental hazard detection using real-time sensors mon-
itoring water surface levels and scour conditions. Youse-
fpour et al. [25] advance the integration of artificial
intelligence and machine learning with real-time monitor-
ing systems, achieving early scour forecasting through
deep learning and ensemble models trained on actual sen-
sor data.

Other studies focus on improving scour resilience through
numerical and experimental analyses. Kripakaran et al.
[26] employ computational fluid dynamics-based force
prediction combined with structural modelling of masonry
bridges under flood conditions. Bento et al. [27] carry out
long-term inspections of the Doan Hung Bridge in Vietnam
to track the evolution of riverbed scour. Ebrahimi et al.
[28] examine the influence of debris geometry and eleva-
tion on scour at sharp-nosed piers, offering insights into
debris-induced scour under shallow flow conditions. Long-
standing research by Paice and Hey [29] verifies the ef-
fectiveness of scour mitigation schemes through field de-
ployment, while Yaqoobi et al. [30] compare existing scour
monitoring rating frameworks, emphasising the need for

bridge-specific structural health monitoring system speci-
fications.

Together, these diverse yet complementary studies enrich
the understanding of instrumentation-based approaches
to scour monitoring. They underscore the shift from tradi-
tional inspections to data-driven, sensor-enhanced, and
model-integrated systems that support early warnings,
guide mitigation efforts, and strengthen the overall resili-
ence of critical infrastructure facing increasing hydrologi-
cal pressures.

4 Vibration-based approaches

Vibration-based approaches to bridge scour monitoring
are receiving growing attention due to their ability to de-
tect structural changes resulting from foundation erosion
[31]. These methods are generally classified into direct
and indirect techniques, each offering distinct advantages
and practical challenges. This section reviews both direct
and indirect vibration-based scour monitoring techniques,
outlining their operating principles, benefits, and limita-
tions. Collectively, these methods play a vital role in early
scour detection and contribute to more effective risk man-
agement in bridge infrastructure.

4.1 Direct methods

Direct vibration-based methods involve installing sen-
sors—such as accelerometers, strain gauges, and dis-
placement transducers—directly onto the bridge structure
to measure its dynamic response. These sensors monitor
changes in natural frequencies, mode shapes, and damp-
ing characteristics resulting from scour-related degrada-
tion of the foundation. This sensing approach provides
high-resolution, real-time data capable of detecting early
signs of scour damage. Examples include the deployment
of accelerometer arrays on bridge piers to capture vibra-
tion changes during flood events, as well as modal testing
conducted before and after scour incidents to quantify al-
terations in structural behaviour. While these methods of-
fer precise diagnostics, they require on-site installation
and regular maintenance. Some classic and notable stud-
ies are noted in the following paragraphs.

Prendergast et al. [32-34] are among the first to investi-
gate the influence of scour on the natural frequencies of
pile foundations. Both laboratory and field tests demon-
strate that increasing scour hole depth results in a clear
reduction in a pile’s natural frequency. By integrating ge-
otechnical analysis with simplified finite element models,
Prendergast et al. propose a method for estimating scour
depth based on observed frequency shifts. In a subse-
quent study, a vehicle-bridge-soil interaction model illus-
trates that dynamic responses from passing vehicles can
capture these frequency changes, enabling scour detec-
tion without the need for direct inspection. More recently,
Kariyawasam et al. [35-36] at the University of Cambridge
develop a centrifuge-based testing programme to investi-
gate how scour affects the natural frequency of various
bridge foundation types. The results reveal up to a 40%
change in natural frequency with a 30% loss of embed-
ment when testing a scaled integral bridge model and
three foundation types: shallow pad, pile bent, and mono-
pile. Frequency is more sensitive to scour in deep founda-
tions than in shallow foundations, and global scour has a
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slightly greater impact than local scour. These findings fur-
ther reinforce the feasibility of using natural frequency as
a reliable indicator for both local and global scour in
bridges, particularly those supported by deep foundations.

Mode shape-based approaches are also actively explored
for scour monitoring. Malekjafarian et al. [37] propose a
technique that identifies scour in multi-span bridges with
shallow foundations by tracking changes in pier mode
shape amplitudes. Using frequency domain decomposi-
tion, the first global mode shape is extracted from accel-
eration data, and mean-normalised mode shapes are cal-
culated to compare individual piers with the average
response of the others. Tests on a scaled four-span model
demonstrate that increases in mean-normalised mode
shape values correlate with reductions in foundation stiff-
ness, enabling both the detection and localisation of scour.
Building on this, mode shape ratios provide an even more
sensitive indicator of scour progression [38]. Derived from
structural vibration data, these ratios show greater re-
sponsiveness to scour than natural frequencies alone. No-
tably, they behave in contrast to temperature effects—ris-
ing with heat while frequencies decline—highlighting their
potential for isolating thermal influences from scour-re-
lated changes. This makes mode shape ratios a more ro-
bust tool for reliable scour detection under variable envi-
ronmental conditions. Khan et al. [39] introduce a re-
deployable sensor strategy for estimating mode shapes
using a limited number of sensors that are sequentially
moved across different sections of a bridge. This approach
enables the reconstruction of global mode shapes and the
identification of changes in support stiffness. Field trials
conducted on a railway bridge in Ireland confirm the ef-
fectiveness of the technique, both before and after struc-
tural rehabilitation.

Similar to mode shape-based methods, OBrien et al. [40]
propose a novel approach that employs wavelet-based op-
erating deflection shapes to detect scour-induced stiffness
loss in multi-span bridges. The technique involves simu-
lating a four-span simply supported bridge subjected to
excitations from a fleet of half-car model vehicles. Scour
is modelled as a reduction in foundation stiffness at one or
more piers. Acceleration data collected at each support are
averaged over time and transformed into the frequency-
spatial domain to estimate the operating deflection
shapes. By comparing these shapes between healthy and
damaged states, a damage indicator is derived that effec-
tively localises scour sites across a range of natural fre-
quencies.

Other studies investigate natural frequencies and mode
shapes in combination. For example, Scozzese et al. [41-
43] carry out numerical simulations to examine flood-in-
duced scour of masonry arch bridges, focusing on the col-
lapse of two spans of the Rubbianello Bridge in Central It-
aly during a flood event in 2013. The study aims to
replicate the failure mechanism using a detailed 3D non-
linear model, calibrated with data from Operational Modal
Analysis of the remaining structure. Simulations assess
both the scour depth that triggered the collapse and the
sensitivity of the bridge’s dynamic properties—namely
natural frequencies and mode shapes—to scour progres-
sion. The findings highlight the potential of Operational
Modal Analysis as an effective tool for scour monitoring in

masonry bridges and offer valuable insight into the struc-
tural failure process.

Following this approach, Scozzese et al. [44-47] conduct
detailed numerical studies using a refined 3D Abaqus
model to investigate how various structural and dynamic
parameters respond to different levels of scour in a ma-
sonry arch bridge prototype. The analysis considers both
kinematic responses—such as displacements, rotations,
and diagonal strains—and modal characteristics, including
natural frequencies and transverse mode shapes. By sim-
ulating progressive scour scenarios, the study identifies
the failure mechanisms most commonly associated with
piers, spandrel walls, and arches. Key parameters demon-
strating high sensitivity to scour are highlighted, along
with threshold values relevant to risk assessment. These
findings offer valuable guidance for developing effective
scour monitoring strategies for masonry arch bridges.

Beyond the core studies outlined above, several additional
works have contributed valuable insights into direct vibra-
tion-based scour monitoring. Real-time estimation tech-
niques have been developed using vibration data from in-
service bridges, enabling probabilistic assessments of
scour progression during flood events [48]. Changes in dy-
namic response before and after repair interventions have
also proven effective for diagnosing foundation conditions
and verifying the success of rehabilitation measures [49-
50]. Advanced modal analysis approaches—including de-
centralised and re-deployable sensor configurations—have
been validated in both laboratory and full-scale settings
for detecting stiffness loss caused by scour [51].

Furthermore, novel sensing technologies such as gyro-
scopes [52], wireless monitoring systems [53], and en-
ergy-harvesting devices [54] have broadened the availa-
ble toolkit for vibration-based monitoring. Field
deployments across the UK and Ireland have helped
demonstrate the practicality and reliability of these meth-
ods under real-world operational conditions [55-56].

Recent efforts have also incorporated coda wave interfer-
ometry to monitor changes in the elastic properties of ma-
sonry bridges [57], along with dynamic simulation frame-
works—such as vehicle-bridge-soil interaction models—to
predict the effects of scour [58]. Both full-scale and nu-
merical investigations have examined scour impacts on
shallow and deep foundations [59-60], as well as struc-
tural performance under combined scour and traffic load-
ing in masonry arch bridges [61]. Collectively, these stud-
ies highlight the increasing maturity and versatility of
vibration-based scour monitoring, particularly when inte-
grated with advanced modelling and sensor innovations.
They reinforce its value as a key component of proactive
asset management strategies for safeguarding vulnerable
bridge infrastructure.

4.2 Indirect methods

Indirect vibration-based methods infer scour damage us-
ing sensors that are not physically attached to the bridge
structure. A common approach involves vehicle-mounted
accelerometers that capture the dynamic response of ve-
hicles as they cross the bridge—an approach widely known
as drive-by monitoring. This technique has recently gained
significant interest for bridge structural health monitoring
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(SHM) applications [62-63], as it can reveal changes in
bridge stiffness associated with scour. In addition, remote
sensing technologies—such as satellite-based radar and
computer vision systems—are used to analyse surface vi-
brations or structural displacements from a distance.
These non-contact methods enable the monitoring of
larger bridge networks while minimising installation re-
quirements. However, while indirect techniques offer
broad applicability, they often require advanced data pro-
cessing to distinguish scour effects from other structural
or environmental influences.

Drive-by Techniques for Indirect Scour Monitoring:
With specific regard to the application of drive-by tech-
niques to bridge scour monitoring, Fitzgerald et al. [64]
investigate a numerical approach that utilises bogie accel-
eration data from passing trains to detect scour. In their
study, scour is modelled as a localised reduction in pier
stiffness. Simulated acceleration signals are processed us-
ing continuous wavelet transform, and average wavelet
coefficients are calculated over multiple train runs. A scour
indicator is then defined based on the difference in aver-
age coefficients between healthy and scoured bridge con-
ditions. The method is validated through a blind test, in
which only the acceleration data is provided to selected
authors, who successfully identify the scour state without
prior information. The results demonstrate that the pro-
posed indicator is effective under typical train operating
conditions, highlighting the potential of drive-by monitor-
ing for practical scour detection.

Tan et al. [65] propose a drive-by bridge health monitor-
ing approach that utilises mode shapes extracted from the
acceleration response of a vehicle-mounted sensor to de-
tect both local and global bridge damage, including scour.
Using a simplified vehicle-bridge interaction model with a
moving sprung mass, a closed-form solution is derived to
estimate the bridge’s mode shape from a single on-vehicle
accelerometer. A damage index, based on deviations in
the extracted mode shape, is introduced to identify both
the presence and severity of damage. The method is vali-
dated through numerical simulations and two laboratory
experiments, demonstrating its effectiveness in detecting
foundation scour as well as other forms of structural dam-
age. The study also investigates the influence of vehicle
speed and measurement noise on detection accuracy, of-
fering insights into the robustness and potential for prac-
tical deployment of the technique.

Zhang et al. [66] address the challenge of detecting scour
in bridges with surface foundations, where underwater
conditions often hinder the use of direct instrumentation.
To overcome this limitation, they propose a drive-by struc-
tural health monitoring method that relies on vehicle ac-
celeration data collected at operational speeds. Using
wavelet transforms, the study finds that wavelet energy
increases with the severity of scour damage. However, en-
vironmental factors such as sensor noise can obscure
these signals. To enhance robustness, the authors intro-
duce a statistical-wavelet approach capable of identifying
both the presence and location of scour. The method is
validated through numerical simulations and laboratory
experiments, demonstrating strong potential for reliable,
indirect scour detection.

McGeown et al. [67] introduce a novel bridge monitoring
approach that utilises the pitch (rotational motion) of a
passing vehicle as an indicator of foundation scour. The
method is evaluated through two-dimensional vehicle-
bridge interaction simulations, where scour is modelled as
a reduction in pier stiffness. A train comprising multiple
carriages with varying masses and speeds is simulated
crossing the bridge, and changes in vehicle pitch consist-
ently indicate the presence of scour. The approach is fur-
ther validated in a scaled laboratory experiment involving
a tractor-trailer crossing a four-span bridge, with scour
simulated by modifying foundation spring stiffness. In
both the numerical simulations and physical tests, clear
pitch deviations are observed under scoured conditions,
demonstrating the method’s potential for practical scour
detection.

Tola et al. [68-70] have developed a series of indirect
drive-by monitoring techniques for detecting bridge scour
using instrumented railway vehicles. In one approach
[68], the concept of the bridge’s apparent profile is intro-
duced, derived from finite element modelling and Moving
Reference Influence Lines. By comparing apparent profiles
measured from in-service trains with model predictions,
the study estimates changes in foundation stiffness—
where reductions indicate potential scour. In a follow-up
study [69], displacement data from a six-axle vehicle is
used in conjunction with a vehicle-bridge interaction
model, to simulate scour conditions. A cross-entropy opti-
misation algorithm is employed to match measured and
simulated responses, with variations in stiffness serving as
indicators of damage. This technique is further extended
using machine learning to enable network-level monitor-
ing. Most recently, the team [70] utilised the Rail Infra-
structure Alignment Acquisition system—a mobile plat-
form mounted on trains—to collect displacement data. By
comparing healthy bridge measurements with syntheti-
cally generated scour scenarios, the system is shown to be
capable of detecting scour and supporting targeted
maintenance planning. Collectively, these studies demon-
strate scalable, cost-effective solutions for early scour de-
tection in railway infrastructure.

Computer Vision Approaches for Indirect Scour De-
tection: Beyond drive-by approaches, computer vision
technology also presents a promising solution for indirect
vibration-based scour monitoring. Millar et al. [71] intro-
duce a vision-based system, ArchIMEDES, designed to as-
sess scour conditions in real time by analysing structural
response patterns under varying support conditions. La-
boratory tests on a FlexiArch bridge model subjected to
controlled scour scenarios, establish a clear correlation be-
tween load-carrying behaviour and foundation degrada-
tion, forming the basis of an algorithm used to estimate
scour severity. This system facilitates early detection of
critical scour developments, thereby enhancing bridge
safety. Further investigations by Millar and colleagues
[72-73] examine the interaction between bed scour and
structural performance, focusing on how load-response
characteristics evolve as scour progresses towards failure
thresholds. These studies contribute to a more nuanced
understanding of the relationship between scour and
structural integrity, reinforcing the potential of vision-
based monitoring for timely risk assessment.
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Satellite-Based Synthetic Aperture Radar (SAR) for
Remote Scour Assessment: Satellite-based SAR has
also been investigated as an indirect method for structural
monitoring. Biondi et al. [74] introduce a novel approach
that utilises satellite SAR data to estimate micro-motions
of critical infrastructure and extract modal properties—
such as natural frequencies and mode shapes—for early
damage detection. Applied to the Morandi Bridge in Genoa,
Italy, the method identified abnormal vibrational patterns
in the period preceding the collapse. This study under-
scores the potential of remote sensing technologies for
large-scale infrastructure monitoring and pre-collapse as-
sessment, offering a non-intrusive alternative to on-site
instrumentation.

5 Discussion and Conclusion

Bridge scour remains the leading cause of bridge failures
worldwide, posing a significant threat to infrastructure
safety, economic resilience, and public welfare. Effective
monitoring and early detection are therefore critical for
mitigating these risks. This review has examined two pri-
mary technological approaches to scour monitoring: in-
strumentation-based and vibration-based methods, each
offering distinct advantages and limitations.

Instrumentation-based techniques deliver accurate, real-
time measurements of scour depth or hydraulic conditions
through sensors such as sonar, fibre optics, and electro-
magnetic probes. Although highly precise, these systems
often entail substantial installation and maintenance costs
and are challenging to deploy at scale. In contrast, vibra-
tion-based methods detect changes in a bridge’s dynamic
response using either installed sensors or indirect sys-
tems—such as vehicle-mounted or satellite-based plat-
forms. These techniques offer greater scalability but may
lack spatial precision and typically require more complex
data interpretation.

Recent advancements in machine learning and probabilis-
tic modelling have the potential to enhance both ap-
proaches by improving data interpretation and enabling
predictive maintenance strategies. A promising direction
for future research lies in the development of integrated,
hybrid systems that combine the strengths of both meth-
ods—striking a balance between accuracy, scalability, and
cost-effectiveness in scour risk management.

Beyond detection, recent research underscores the im-
portance of integrating monitoring data with decision-
making frameworks. Approaches such as Bayesian deci-
sion analysis and value of information methods are in-
creasingly used to assess whether structural health moni-
toring systems offer sufficient long-term value to justify
their costs [75-78]. These tools enable infrastructure
agencies to prioritise interventions and allocate resources
more effectively, supporting more informed and economi-
cally sound asset management strategies.

Complementary efforts focus on risk-informed, network-
level management through the use of decision support
systems and Bayesian networks [79-93]. These frame-
works extend insights gained from a limited number of in-
strumented bridges to wider infrastructure networks, ac-
counting for spatial variability, environmental change, and

socio-economic impacts. Such integrated strategies are vi-
tal for achieving resilient infrastructure management—an
area the author seeks to advance by combining monitoring
data with decision analysis under uncertainty.

6 Acknowledgement

Dr Kun Feng gratefully acknowledges the support provided
by the Early Career Researcher (ECR) funding scheme of
Anglia Ruskin University, UK. This support has contributed
to the development of this research and enabled partici-
pation in the associated conference.

References

[1] Mitoulis, S. A., Domaneschi, M., Cimellaro, G. P., &
Casas, J. R. (2022, September). Bridge and transport
network resilience-a perspective. In Proceedings of
the Institution of Civil Engineers-Bridge Engineering
(Vol. 175, No. 3, pp. 138-149).

[2] Network Rail, 2019, Challenge Statement Bridges
Scour prevention and management, https://www.net-
workrail.co.uk/wp-content/uploads/2019/06/Chal-
lenge-Statement-Bridges-Scour-prevention-and-ma-
nagement.pdf

[3] McRobbie, S. G., Wright, M. A., & Chan, A. (2015, Sep-
tember). Can technology improve routine visual
bridge inspections?. In Proceedings of the Institution
of Civil Engineers-Bridge Engineering (Vol. 168, No. 3,
pp. 197-207).

[4] Tubaldi, E., White, C. J., Patelli, E., Mitoulis, S., De
Almeida, G., Brown, J., ... & Zonta, D. (2021). Invited
perspectives: Challenges and future directions in im-
proving bridge flood resilience. Natural Hazards and
Earth System Sciences Discussions, 2021, 1-21.

[5] Michalis, P., Xu, Y., & Valyrakis, M. (2020). Current
practices and future directions of monitoring systems
for the assessment of geomorphological conditions at
bridge infrastructure. In River Flow 2020 (pp. 872-
877).

[6] Vardanega, P. J., Gavriel, G., & Pregnolato, M. (2021).
Assessing the suitability of bridge-scour-monitoring
devices. Proceedings of the Institution of Civil Engine-
ers-Forensic Engineering, 174(4), 105-117.

[7] Gavin, K., Prendergast, L. J., Stipanovi¢, I., & Skari¢,
S. (2018). Recent development and remaining chal-
lenges in determining unique bridge scour perfor-
mance indicators. The Baltic Journal of Road and
Bridge Engineering, 13(3), 291-300.

[8] Prendergast, L. 1., & Gavin, K. (2014). A review of
bridge scour monitoring techniques. Journal of Rock
Mechanics and Geotechnical Engineering, 6(2), 138-
149.

[9] Tola, S., Tinoco, J., Matos, J. C., & Obrien, E. (2023).
Scour detection with monitoring methods and ma-
chine learning algorithms—a critical review. Applied
Sciences, 13(3), 1661.

85U8017 SUOWILIOD 3ATe81D 3o [dde au Ag pauienob a1e ssjole VO ‘85N JO s3I 10} Ae1q1T 8ULUO /8|1 UO (SUOIIPUOD-PUE-SWB LD A3 1M ARIq 1 BUT|UO//:SONY) SUORIPUOD pUe Swiia | 8y} &8s *[6202/TT/Sz] Uo AreiqiTauliuo A|Im ‘AiseAuN oleY Aq 8100, Bded/200T OT/10p/LLI0d"A8|im A reiq1juluo//:SAy Woiy papeo|umoq ‘S ‘SZ0Z ‘52026052



288

[10] Vardanega, P. J., Gavriel, G., & Pregnolato, M.
(2023). Recent progress developing a rating frame-
work for evaluating SHM for bridge scour. In Life-Cycle
of Structures and Infrastructure Systems (pp. 1705-
1712).

[11] Pizarro, A., Manfreda, S., & Tubaldi, E. (2020).
The science behind scour at bridge foundations: A re-
view. Water, 12(2), 374.

[12] Fayyad, T. M., Taylor, S., Feng, K., & Hui, F. K. P.
(2025). A scientometric analysis of drone-based struc-
tural health monitoring and new technologies. Advan-
ces in Structural Engineering, 28(1), 122-144.

[13] Babu, M. R., Sundar, V., & Rao, S. N. (2003). Mea-
surement of scour in cohesive soils around a vertical
pile-simplified instrumentation and regression analy-
sis. IEEE journal of oceanic engineering, 28(1), 106-
116.

[14] Selvakumaran, S., Plank, S., GeiB3, C., Rossi, C.,
& Middleton, C. (2018). Remote monitoring to predict
bridge scour failure using Interferometric Synthetic
Aperture Radar (InSAR) stacking techniques. Interna-
tional journal of applied earth observation and geoin-
formation, 73, 463-470.

[15] Selvakumaran, S., Plank, S., GeiB, C., & Rossi, C.
(2018, July). Using InSAR stacking techniques to pre-
dict bridge collapse due to scour. In Igarss 2018-2018
Ieee International Geoscience and Remote Sensing
Symposium (pp. 866-869). IEEE.

[16] Campbell, K. E., Ruffell, A., Pringle, J., Hughes,
D., Taylor, S., & Devlin, B. (2021). Bridge foundation
river scour and infill characterisation using water-pe-
netrating radar. Remote Sensing, 13(13), 2542.

[17] Michalis, P., Tarantino, A., Tachtatzis, C., & Judd,
M. D. (2015). Wireless monitoring of scour and re-de-
posited sediment evolution at bridge foundations ba-
sed on soil electromagnetic properties. Smart Materi-
als and Structures, 24(12), 125029.

[18] Maroni, A., Tubaldi, E., Ferguson, N., Tarantino,
A., McDonald, H., & Zonta, D. (2020). Electromagnetic
sensors for underwater scour monitoring. Sensors,
20(15), 4096.

[19] Rogers, A., Manes, C., & Tsuzaki, T. (2020). Mea-
suring the geometry of a developing scour hole in
clear-water conditions using underwater sonar scan-
ning. International Journal of Sediment Research,
35(1), 105-114.

[20] Porter, K., Simons, R., & Harris, J. (2014). Com-
parison of three techniques for scour depth measure-
ment: photogrammetry, echosounder profiling and a
calibrated pile. Coastal Engineering Proceedings, (34),
64-64.

[21] Pregnolato, M., Gavriel, G., Thompson, D., Ander-
son, M., Fox, L., & Giles, K. (2022). Scour monitoring
for railway assets (UK). In Bridge Safety, Mainte-
nance, Management, Life-Cycle, Resilience and

Sustainability (pp. 879-884).

[22] Xu, Y., AlObaidi, K., Michalis, P., & Valyrakis, M.
(2020, July). Monitoring the potential for bridge pro-
tections destabilization, using instrumented particles.
In Proceedings of the International Conference on Flu-
vial Hydraulics River Flow, Delft, The Netherlands (pp.
7-10).

[23] Perugini, E., Reilly, C., Tubaldi, E., Pizarro, A.,
McDonald, H., & Zonta, D. (2025). Proof of concept of
exploiting image velocimetry and scour models to mo-
nitor critical bridges. In River Flow 2024 (pp. 846-
853).

[24] Koursari, E., Wallace, S., Xu, Y., Michalis, P., &
Valyrakis, M. (2020, August). Smart bridge: Towards
robust monitoring of environmental hazards. In River
Flow (pp. 886-890).

[25] Yousefpour, N., Downie, S., Walker, S., Perkins,
N., & Dikanski, H. (2021). Machine learning solutions
for bridge scour forecast based on monitoring data.
Transportation Research Record, 2675(10), 745-763.

[26] Kripakaran, P. , Walter, L. , Kahraman, R. , ...
Tabor, G. , Djordjevic, S., 2017, Flood resilience of
masonry bridges: Analysing structural performance
under hydrodynamic forces and scour, Shmii 2017 8th
International Conference on Structural Health Monito-
ring of Intelligent Infrastructure Proceedings, pp.
1102-1111

[27] Bento, A. M., Minh, T. Q., Ferradosa, T., Sousa, H.
S., Nguyen, H. X., & Campos e Matos, J. (2023). Study
on the model to determine riverbed scour and the in-
fluence of bridge construction on riverbed deforma-
tion. In Olympiad in Engineering Science (pp. 69-76).
Cham: Springer Nature Switzerland.

[28] Ebrahimi, M., Kripakaran, P., Prodanovi¢, D. M.,
Kahraman, R., Riella, M., Tabor, G., ... & Djordjevic,
S. (2018). Experimental study on scour at a sharp-
nose bridge pier with debris blockage. Journal of Hyd-
raulic Engineering, 144(12), 04018071.

[29] Paice, C., & Hey, R. (1993). The control and mo-
nitoring of local scour at bridge piers. In Stream Sta-
bility and Scour at Highway Bridges: Compendium of
Stream Stability and Scour Papers Presented at Con-
ferences Sponsored by the Water Resources Enginee-
ring (Hydraulics) Division of the American Society of
Civil Engineers (pp. 171-171). ASCE.

[30] Yaqoobi, W., Gavriel, G., Tryfonas, T., Vardanega,
P. J., & Pregnolato, M. (2024). Comparison of ranking
frameworks for specification of bridge scour monito-
ring systems using a case study database. In Bridge
Maintenance, Safety, Management, Digitalization and
Sustainability (pp. 1108-1115).

[31] Zarafshan, A., Iranmanesh, A., & Ansari, F.
(2012). Vibration-based method and sensor for moni-
toring of bridge scour. Journal of bridge engineering,
17(6), 829-838.

85U8017 SUOWILIOD 3ATe81D 3o [dde au Ag pauienob a1e ssjole VO ‘85N JO s3I 10} Ae1q1T 8ULUO /8|1 UO (SUOIIPUOD-PUE-SWB LD A3 1M ARIq 1 BUT|UO//:SONY) SUORIPUOD pUe Swiia | 8y} &8s *[6202/TT/Sz] Uo AreiqiTauliuo A|Im ‘AiseAuN oleY Aq 8100, Bded/200T OT/10p/LLI0d"A8|im A reiq1juluo//:SAy Woiy papeo|umoq ‘S ‘SZ0Z ‘52026052



289 |
[32] Kariyawasam, K. D., Middleton, C. R., Madab- 10). National Technical University of Athens.
hushi, G., Haigh, S. K., & Talbot, J. P. (2020). Asses-
sment of bridge natural frequency as an indicator of [43]  Scozzese, F., Ragni, L., Tubaldi, E., & Gara, F.
scour using centrifuge modelling. Journal of Civil (2021). Scour-induced dynamic properties modifica-
Structural Health Monitoring, 10, 861-881. tion of masonry arch bridges with different geometry.
In COMPDYN Proceedings (Vol. 2021). National Tech-
[33] Kariyawasam, K., Middleton, C., Talbot, J., Fidler, nical University of Athens.
P., Haigh, S., Roberts, J., & Madabhushi, G. (2021).
On the potential for using bridge natural frequencies [44]  Scozzese, F., Tubaldi, E., & Dall'Asta, A. (2023a).
to detect scour: an experimental study. Presented at Damage metrics for masonry bridges under scour sce-
IABSE Congress: Resilient technologies for narios. Engineering Structures, 296, 116914.
sustainable infrastructure, Christchurch, New Ze-
aland, 3-5 February 2021, published in IABSE Con- [45] Scozzese, F., Dall'Asta, A., & Tubaldi, E. (2023b).
gress Christchurch 2020, pp. 293-301 Preliminary investigation on the response sensitivity
of masonry arch bridges subjected to scour. In Life-
[34] Prendergast, L. 1., Hester, D., Gavin, K., & O’sul- Cycle of Structures and Infrastructure Systems (pp.
livan, J. J. (2013). An investigation of the changes in 1499-1506).
the natural frequency of a pile affected by scour. Jour-
nal of sound and vibration, 332(25), 6685-6702. [46]  Scozzese, F., Tubaldi, E., & Dall’Asta, A. (2024).
Understanding the response of masonry arch bridges
[35] Prendergast, L. J., & Gavin, K. (2016a). Monito- under different scour scenarios. Procedia Structural
ring of Scour Critical Bridges using Changes in the Na- Integrity, 62, 424-429.
tural Frequency of Vibration of Foundation Piles: A
Preliminary Investigation. Materials and Infrastruc- [47]  Dhir, P. K., Losanno, D., Scozzese, F., Tubaldi, E.,
tures 1, 5, 199-2009. & Parisi, F. (2023). PERFORMANCE EVALUATION OF A
MASONRY ARCH BRIDGE UNDER COMBINED SCOUR
[36] Prendergast, L. J., Hester, D., & Gavin, K. AND TRAFFIC LOADING. In COMPDYN Proceedings
(2016b). Determining the presence of scour around (pp. 5288-5299). National Technical University of
bridge foundations using vehicle-induced vibrations. Athens.
Journal of Bridge Engineering, 21(10), 04016065.
[48] Kawabe, D., Kim, C. W., & Sarhosis, V. (2024).
[37] Malekjafarian, A., Kim, C. W., OBrien, E. J., Pren- Real-time scour depth estimation of a pier using vib-
dergast, L. J., Fitzgerald, P. C., & Nakajima, S. ration monitoring. In Bridge Maintenance, Safety, Ma-
(2020a). Experimental demonstration of a mode nagement, Digitalization and Sustainability (pp. 827-
shape-based scour-monitoring method for multispan 834).
bridges with shallow foundations. Journal of Bridge
Engineering, 25(8), 04020050. [49] Quang, M. T., Sousa, H. S., Duc, B. N., Matos, J.
C., Bento, A. M., Ferradosa, T., & Nguyen, H. X.
[38] Malekjafarian, A., Prendergast, L. J., & OBrien, E. (2023). Effect of Bridge Foundation Stiffness on Dy-
(2020b). Use of mode shape ratios for pier scour mo- namic Behavior of Bridge Structure. In IABSE Con-
nitoring in two-span integral bridges under changing gress New Delhi.
environmental conditions. Canadian Journal of Civil
Engineering, 47(8), 962-973. [50] Micu, E. A., Khan, M. A., Bhowmik, B., Florez, M.
C., Obrien, E., Bowe, C., & Pakrashi, V. (2022). Scour
[39] Khan, M. A., McCrum, D. P., OBrien, E. J., Bowe, repair of bridges through vibration monitoring and re-
C., Hester, D., McGetrick, P. J., ... & Pakrashi, V. lated challenges. In Proceedings of the 1st Conference
(2022). Re-deployable sensors for modal estimates of of the European Association on Quality Control of Brid-
bridges and detection of damage-induced changes in ges and Structures: EUROSTRUCT 2021 1 (pp. 499-
boundary conditions. Structure and Infrastructure En- 508). Springer International Publishing.
gineering, 18(8), 1177-1191.
[51] Khan, M. A., McCrum, D. P., Prendergast, L. J.,
[40]  OBrien, E. J., McCrum, D. P., Khan, M. A., & Pren- OBrien, E. J., Fitzgerald, P. C., & Kim, C. W. (2021).
dergast, L. J. (2023). Wavelet-based operating deflec- Laboratory investigation of a bridge scour monitoring
tion shapes for locating scour-related stiffness losses method using decentralized modal analysis. Structural
in multi-span bridges. Structure and Infrastructure Health Monitoring, 20(6), 3327-3341.
Engineering, 19(2), 238-253.
[52] Faulkner, K., Brownjohn, J. M. W., Wang, Y., &
[41] Scozzese, F., Ragni, L., Tubaldi, E., & Gara, F. Huseynov, F. (2020). Tracking bridge tilt behaviour u-
(2019). Modal properties variation and collapse asses- sing sensor fusion techniques. Journal of Civil Struc-
sment of masonry arch bridges under scour action. tural Health Monitoring, 10(4), 543-555.
Engineering Structures, 199, 109665.
[53] Yoshitome, K., Kim, C. W., Shinoda, M., Kitagawa,
[42] Ragni, L., Scozzese, F., & Gara, F. (2019). Dyna- S., Kondo, M., & Au, S. K. (2019). Feasibility investi-

mic properties of a masonry arch bridge subjected to
local scour up to failure. In 2nd International Con-
ference on Natural Hazards & Infrastructure (pp. 1-

gations for vibration-based remote scour monitoring
of railway bridges.

85UBD| T SUOLILLIOD) BAIFe81D) B(ded||dde 8y Aq peusenob 818 S3olie VO ‘SN JO S9N 1oy AXeiq 1T 8UIIUO A8|IA UO (SUORIPUOD-PUR-SLUBY/WO0D" 43| 1M ARe1q 1 [BU1UO//SONY) SUORIPUOD PUe SWiie L 83 88S *[520z/TT/SZ] Uo Areiqiauliuo A|im ‘AiseAlun oley Aq 8100, eded/Z00T 0T/10p/w0d A3 | im AReiq1jeuluoy/sdny woly papeojumod ' ‘G20z ‘6L0L6052



| 290

[54] Fitzgerald, P. C., Malekjafarian, A., Bhowmik, B.,
Prendergast, L. J., Cahill, P., Kim, C. W., ... & OBrien,
E. J. (2019). Scour damage detection and structural
health monitoring of a laboratory-scaled bridge using
a vibration energy harvesting device. Sensors,
19(11), 2572.

[55] Kariyawasam, K. K. G. K. D., Fidler, P. R. A., Tal-
bot, J. P., & Middleton, C. R. (2019). Field deployment
of an ambient vibration-based scour monitoring sys-
tem at Baildon Bridge, UK. In International Con-
ference on Smart Infrastructure and Construction
2019 (ICSIC) Driving data-informed decision-making
(pp. 711-719). ICE Publishing.

[56] Kariyawasam, K., Fidler, P., Talbot, J., & Middle-
ton, C. (2019). Field assessment of ambient vibration-
based bridge scour detection.

[57] Serra, M., Festa, G., Vassallo, M., Zollo, A., Quatt-
rone, A., & Ceravolo, R. (2017). Damage detection in
elastic properties of masonry bridges using coda wave
interferometry. Structural Control and Health Monito-
ring, 24(10), e1976.

[58] Prendergast, L. J., Hester, D., & Gavin, K. (2016).
Development of a vehicle-bridge-soil dynamic interac-
tion model for scour damage modelling. Shock and
Vibration, 2016(1), 7871089.

[59] Prendergast, L. J., Gavin, K., & Reale, C. (2016).
Sensitivity studies on scour detection using vibration-
based systems. Transportation Research Procedia, 14,
3982-3989.

[60] Tubaldi, E., Antonopoulos, C., Mitoulis, S. A.,
Argyroudis, S., Gara, F., Ragni, L., ... & Anastasiadis,
A. (2023). Field tests and numerical analysis of the
effects of scour on a full-scale soil-foundation-struc-
tural system. Journal of Civil Structural Health Moni-
toring, 13(8), 1461-1481.

[61] Dhir, P. K., Losanno, D., Tubaldi, E., & Parisi, F.
(2025). Performance and robustness assessment of
roadway masonry arch bridges to scour-induced da-
mage using multiple traffic load models. Engineering
Structures, 325, 119441.

[62] Li, Z., Lan, Y., Feng, K., & Lin, W. (2024). Inves-
tigation of time-varying frequencies of two-axle vehic-
les and bridges during interaction using drive-by me-
thods and improved multisynchrosqueezing
transform. Mechanical Systems and Signal Processing,
220, 111677.

[63] Li, Z., Lin, W., & Zhang, Y. (2023). Drive-by
bridge damage detection using Mel-frequency cepstral
coefficients and support vector machine. Structural
Health Monitoring, 22(5), 3302-3319.

[64] Fitzgerald, P. C., Malekjafarian, A., Cantero, D.,
OBrien, E. J., & Prendergast, L. J. (2019). Drive-by
scour monitoring of railway bridges using a wavelet-
based approach. Engineering Structures, 191, 1-11.

[65] Tan, C., Zhao, H., OBrien, E. J., Uddin, N., Fitz-
gerald, P. C., McGetrick, P. J., & Kim, C. W. (2021).
Extracting mode shapes from drive-by measurements
to detect global and local damage in bridges. Structure
and Infrastructure Engineering, 17(11), 1582-1596.

[66] Zhang, B., Zhao, H., Tan, C., OBrien, E. J., Fitz-
gerald, P. C., & Kim, C. W. (2022). Laboratory inves-
tigation on detecting bridge scour using the indirect
measurement from a passing vehicle. Remote Sen-
sing, 14(13), 3106.

[67] McGeown, C., Hester, D., OBrien, E. J., Kim, C.
W., Fitzgerald, P., & Pakrashi, V. (2024). Condition
monitoring of railway bridges using vehicle pitch to
detect scour. Sensors, 24(5), 1684.

[68] Sinem, T. O. L. A., Tinoco, J., Matos, J., & O'Brien,
E. (2023). Vulnerability assessment of existing brid-
ges to scour, based on an indirect monitoring ap-
proach and machine learning tools. Transportation Re-
search Procedia, 72, 751-758.

[69] Sinem Tola, Joaquim Tinoco, José C. Matos,
Eugene O’Brien, Daniel Cantero, 2024, Detecting rail-
way bridge scour using in-service train signals and
machine learning tools, Presented at IABSE Congress:
Beyond Structural Engineering in a Changing World,
San José, Cost Rica, 25-27 Seotember 2024, publis-
hed in IABSE Congress San José 2024, pp. 946-952

[70] Tola, S., O'Brien, E., Cantero, D., Tinoco, J.,
Matos, J. C., Bose, T., & Berkers, J. (2025). Drive-By
Detection of Scour in a Railway Bridge. Journal of
Bridge Engineering, 30(7), 04025043.

[71] Millar, B., Hamill, G., Taylor, S., & Robinson, D.
(2024). ArchIMEDES: Computer Vision Tracking of the
Inherent Changes to Structural Stability of Masonry
Arch Bridges Resulting from Increased Bed Scour. e-
Journal of Nondestructive Testing, 29(7).

[72] Gyftaki, E., Taylor, S. E., Hamill, G., Robinson, D.,
& McFarland, B. (2019, August). Structural health mo-
nitoring (SHM) of bed scour in the FlexiArchTM bridge
system. In 9th International Conference on Structural
Health Monitoring of Intelligent Infrastructure, SHMII
2019 (pp. 1184-1188). Missouri University of Science
and Technology.

[73] Sathurusinghe, S. P., Hamill, G., Taylor, S., & Ro-
binson, D. (2021, June). Foundation scour and its
effect on the performance of FlexiArch™ modern arch
bridge system. In Proceedings of the 10th Internatio-
nal Conference on Structural Health Monitoring of In-
telligent Infrastructure: Transferring Research into
Practice, Porto, Portugal (pp. 1103-1108).

[74] Biondi, F., Addabbo, P., Clemente, C., & Orlando,
D. (2021, March). A new paradigm to observe early
warning faults of critical infrastructures by micro-mo-
tion estimation from satellite SAR observations. Appli-
cation to pre-collapse damage assessment of the Mo-
randi bridge in Genoa (Italy). In EUSAR 2021; 13th
European Conference on Synthetic Aperture Radar
(pp. 1-5). VDE.

85U8017 SUOWILIOD 3ATe81D 3o [dde au Ag pauienob a1e ssjole VO ‘85N JO s3I 10} Ae1q1T 8ULUO /8|1 UO (SUOIIPUOD-PUE-SWB LD A3 1M ARIq 1 BUT|UO//:SONY) SUORIPUOD pUe Swiia | 8y} &8s *[6202/TT/Sz] Uo AreiqiTauliuo A|Im ‘AiseAuN oleY Aq 8100, Bded/200T OT/10p/LLI0d"A8|im A reiq1juluo//:SAy Woiy papeo|umoq ‘S ‘SZ0Z ‘52026052



291 |

[75] Giordano, P. F., Limongelli, M. P., & Prendergast, Lothian, S., Riches, O., & Zonta, D. (2019, Septem-
L. J. (2021). Impact of climate change on the Value of ber). A decision support system for scour manage-
Information for bridges at risk of scour. In Life-cycle ment of road and railway bridges based on Bayesian
civil engineering: innovation, theory and practice (pp. networks. In The 12th International Workshop on
435-442). Structural Health Monitoring (pp. 2437-2444).

[76] Giordano, P. F., Prendergast, L. J., & Limongelli, [86] Maroni, A., Tubaldi, E., Val, D., McDonald, H.,
M. P. (2022). The value of different monitoring sys- Lothian, S., Riches, O., & Zonta, D. (2020, April). A
tems in the management of scoured bridges. In Expe- Bayesian network-based decision framework for ma-
rimental Vibration Analysis for Civil Engineering Struc- naging bridge scour risk. In Sensors and Smart Struc-
tures: Select Proceedings of the EVACES 2021 (pp. tures Technologies for Civil, Mechanical, and Aeros-
109-121). Cham: Springer International Publishing. pace Systems 2020 (Vol. 11379, pp. 42-49). SPIE.

[77] Giordano, P. F., Prendergast, L. J., & Limongelli, [87] Maroni, A., Tubaldi, E., Douglas, J., Ferguson, N.,
M. P. (2023). Quantifying the value of SHM informa- Zonta, D., McDonald, H., ... & Green, C. (2018, July).
tion for bridges under flood-induced scour. Structure A Bayesian Network approach to assess underwater
and Infrastructure Engineering, 19(11), 1616-1632. scour around bridge foundations. In 9th European

Workshop on Structural Health Monitoring Series

[78] Giordano, P. F., Prendergast, L. J., & Limonagelli, (EWSHM): EWSHM 2018.

M. P. (2020). A framework for assessing the value of

information for health monitoring of scoured bridges. [88] Maroni, A., Tubaldi, E., Douglas, J., Ferguson, N.,

Journal of Civil Structural Health Monitoring, 10, 485- Val, D., McDonald, H., ... & Zonta, D. (2019). Ma-

496. naging bridge scour risk using structural health moni-
toring. In International Conference on Smart Infra-

[79]  Sasidharan, M., Parlikad, A. K., & Schooling, J. structure and Construction 2019 (ICSIC) Driving data-
(2022). Risk-informed asset management to tackle informed decision-making (pp. 77-84). ICE Publi-
scouring on bridges across transport networks. Struc- shing.
ture and Infrastructure Engineering, 18(9), 1300-

1316. [89] Maroni, A., Tubaldi, E., McDonald, H., & Zonta, D.
(2023). Monitoring-based adaptive water level

[80]  Sasidharan, M., Parlikad, A. K., & Schooling, J. thresholds for bridge scour risk management. Reliabi-
(2022). Network-and bridge-level management under lity Engineering & System Safety, 238, 109473.
uncertainties associated with climate change. In
Bridge Safety, Maintenance, Management, Life-Cycle, [90] Maroni, A., Tubaldi, E., Val, D., McDonald, H.,
Resilience and Sustainability (pp. 1400-1408). Lothian, S., Riches, O., & Zonta, D. (2019, August).

SHM-based Decision Support System for bridge scour

[81]  Pregnolato, M., Prendergast, L. J., Vardanega, P. management. In 9th International Conference on
J., Giordano, P. F., & Limongelli, M. P. (2021). Risk- Structural Health Monitoring of Intelligent Infrastruc-
based bridge scour management: a survey. In Bridge ture.
maintenance, safety, ¥ management, life-cycle
sustainability and innovations (pp. 693-701). [91] Tubaldi, E., Maroni, A., McDonald, H., & Zonta, D.

(2022). Monitoring-Based Decision Support System

[82]  Broomfield, J. P. (2013). Holistic approach to for Risk Management of Bridge Scour. In Proceedings
maintenance and preservation of transportation infra- of the 1st Conference of the European Association on
structure. Transportation research record, 2360(1), 5- Quality Control of Bridges and Structures:
10. EUROSTRUCT 2021 1 (pp. 877-884). Springer Inter-

national Publishing.

[83] Boothroyd, R. J., Williams, R. D., Hoey, T. B., To-
lentino, P. L., & Yang, X. (2021). National-scale asses-  [92] Maroni, A., Tubaldi, E., McDonald, H., & Zonta, D.
sment of decadal river migration at critical bridge inf- (2022). A monitoring-based classification system for
rastructure in the Philippines. Science of the Total risk management of bridge scour. Proceedings of the
Environment, 768, 144460. Institution of Civil Engineers-Smart Infrastructure and

Construction, 175(2), 92-102.
[84] Maroni, A., Tubaldi, E., Val, D. V., McDonald, H.,
& Zonta, D. (2021). Using Bayesian networks for the  [93]  Maroni, A., Tubaldi, E., McDonald, H., & Zonta, D.
assessment of underwater scour for road and railway (2022). A monitoring-based classification system for
bridges. Structural Health Monitoring, 20(5), 2446- risk management of bridge scour. Proceedings of the
2460. Institution of Civil Engineers-Smart Infrastructure and
Construction, 175(2), 92-102.
[85] Maroni, A., Tubaldi, E., Val, D., McDonald, H.,

85U8017 SUOWILIOD 3ATe81D 3o [dde au Ag pauienob a1e ssjole VO ‘85N JO s3I 10} Ae1q1T 8ULUO /8|1 UO (SUOIIPUOD-PUE-SWB LD A3 1M ARIq 1 BUT|UO//:SONY) SUORIPUOD pUe Swiia | 8y} &8s *[6202/TT/Sz] Uo AreiqiTauliuo A|Im ‘AiseAuN oleY Aq 8100, Bded/200T OT/10p/LLI0d"A8|im A reiq1juluo//:SAy Woiy papeo|umoq ‘S ‘SZ0Z ‘52026052



	Recent developments in bridge scour monitoring in the UK and Ireland
	1 Introduction
	2 Methodology
	3 Instrumentation-based approaches
	4 Vibration-based approaches
	4.1 Direct methods
	4.2 Indirect methods

	5 Discussion and Conclusion
	6 Acknowledgement

