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Abstract Bridge asset management (BAM) is often complicated by the distributed 
knowledge across the transport authorities, and this is particularly true for bridge 
scour. This coupled with the growing concerns about the risks of climate change 
creates significant uncertainty within the BAM processes. Building Information 
Modelling (BIM) methods and approaches have proven to be effective digital tools 
for information and process management for the built environment. However, lim-
ited investigations have been done on how BIM could contribute to BAM. This 
paper maps the information requirements for predicting the progression of bridge 
scour while considering the impact of climate change. A BIM-based information 
management technique, leveraging open standards is then employed to structure the 
information requirements and to create a template, streamlining the information 
transfer and interoperability. Further research work should be carried out on the data 
modelling of the information categories missing in the BIM open standards that 
would better inform risk-based bridge asset management. 

1 Introduction and background 

Bridges are critical connections within the transportation networks. Bridge asset 
management (BAM) is of great significance to ensure the engineering and economic 
determinants of inspection, monitoring and repair measures, aiming to ensure the 
safe operation of the transport network. The decision-making systems and processes 
that enable BAM are concerned with compiling and maintaining an asset inventory, 
monitoring and maintaining records of bridge condition and capacity, and managing 
the risks to safety and functionality. One of the significant challenges facing 
transport authorities is to make their bridges resilient to extreme weather events 
given a changing and uncertain climate. 1 in 20 bridges in the UK is expected to be 
at high risk of failure due to climate change by 2080 (Dawson et al., 2018). While 
there are different techniques and approaches to model the impact of climate change 
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on bridge conditions, a standard practice for managing the associated information 
flows has not been established or agreed upon internationally. This is particularly 
the case for bridge scour, the foremost cause of bridge failures worldwide where 
flowing water removes the soil from the riverbed and banks (Faulkner et al., 2020).  

Building Information Modelling (BIM) methods and approaches have proven to 
be effective digital tools for information and process management for the built en-
vironment. Despite the opportunities that BIM and its supporting ISO 19650 suite 
of standards provide to systematically manage the asset information, its application 
to infrastructure like bridges is scarce. This is largely stemming from asset manag-
ers failing to understand what data should be linked with BIM (Parlikad & Catton, 
2018) as there is a lack of standardisation in the data collection, inspection practices 
and risk assessments within different infrastructure authorities (Pregnolato, 2019). 
To this end, this paper presents a BIM-based information management pathway for 
risk-informed management of bridge scour and demonstrates the applicability of 
openBIM to effectively manage the information that contributes to BAM. 

2 BIM-based bridge scour management  

The conceptual framework presented in Figure 1 shows how information man-
agement and risk management can effectively support bridge scour management 
both at the network and asset level. Fit for purpose information is essential to se-
lecting appropriate BAM strategies ranging from decisions to prioritise bridges for 
monitoring, maintenance and installation of flood defences and scour protection 
measures to the operational practices of bridge closures and traffic rerouting. The 
sufficient amount and quality of data required for BAM at different levels can be 
decided based on the information quality levels (IQL) (Sasidharan et al., 2021). The 
different approaches and techniques for processing and managing the information 
are discussed below. 

Figure 1 Bridge scour management at network and asset levels 

. 
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2.1 Scour management 

Scour prediction models, classified as time-dependent and equilibrium based, 
consider the structural features of the bridge, underlying geological factors and the 
fluviometric information of the river to assess the impact of river flow on scour 
formation (see Sasidharan et al. (2021) for a review). While the equilibrium based 
models are mainly used for design, the time-dependent models are often employed 
to aid the risk assessment practices that inform maintenance interventions and op-
erational practices (e.g. bridge closure during flooding). Such BAM strategies are 
often set further into consideration of life cycle costs (Zhang & Alipour, 2021) and 
the impact of scour-related bridge failure/disruptions on the transport network 
(Abarca et al., 2022). Studies have also developed approaches that consider the im-
pact of climate change on scour formation (Liu et al., 2020) by using downscaled 
predictions of climate change scenarios and their effect on the hydraulic character-
istics of rivers (i.e., discharge, velocity and depth of flow). 

2.2 Information management  

An accurate scour prediction requires information regarding hydraulic, geologi-
cal, structural and traffic engineering (Sasidharan et al., 2022). The essential infor-
mation requirements are presented in Table 1. They are currently retrieved from 
different sources such as weather stations, river flow gauges, bridge inspection rec-
ords etc, though they are not organised according to a clear data modelling ap-
proach. The BIM tools offer effective information and process management meth-
ods, that can be used to address this issue. The Industry Foundation Classes (IFC) 
schema offers good support for data interoperability and can be used to inform built 
environment asset management applications (Moretti et al., 2020). Figure 1 repre-
sents the mapping of the BAM scour structural information requirements to the 
IFC4 ADD2 TC1 version. The Class property indicates the attribute of the IFC class 
that needs to be used to record the scour information requirement.  

The IFC is a hierarchical data model characterised by expressiveness in the geo-
metric and semantic description of buildings. However, it can be used to represent 
bridges as well (Borrmann et al., 2019). To this end, a mapping process has been 
carried out considering general IFC classes without compromising the representa-
tion and semantic capabilities. Figure 2 represents the UML logical model, devel-
oped to support an openBIM based bridge scour model view definition to aid BAM. 
Table 2 represents the remaining clusters of information requirements. In this case, 
the scale considered is smaller (so the geographic extension, is wider), so the IFC 
cannot be used to effectively represent them. Therefore, the Uniclass2015 classifi-
cation is used. While the IFC allows representing the properties and relations of the 
bridge entities, the Uniclass2015 only provides a standardised dictionary widely 
acknowledged in the construction sector (Leal et al., 2020).  
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Table 1: Bridge scour structural information requirements. 

Info-req. IFC v4 class Class property 

Location (long/lat) 
IfcStructuralAnalysisModel IfcStructuralAnaly-

sisModel:SharedPlacement 

Age (years) 
IfcStructuralLoadGroup IfcObject:IsDefinedBy, 

Pset_ServiceLife:ServiceLife-
Duration 

Span type (arch, 
girder etc.) 

IfcStructuralLoadGroup IfcStructuralLoadGroup:Pur-
pose 

Span width  IfcColumn/IfcPile IfcProduct:ObjectPlacement 
Material (masonry, 
wood etc.) 

IfcStructuralLoadGroup e.g. IfcPile:ConstructionType 
and IfcBeam:HasAssociations 

Superstructure type 
(continuous, simple 
etc.) 

IfcStructuralLoadGroup "IfcStructuralSurfaceReaction: 

Number of piers (n.) IfcColumn/IfcPile Inferred, number of columns 
Type of piers (single, 
combined etc.) 

IfcPile IfcPile:ConstructionType 

Size of the piers (m) IfcPile IfcProduct:Representation 
Orientation of piers 
(water attack angle) 

IfcStructuralAction IfcStructuralAction:As-
signedToStructuralItem IfcPile 

Shape of pier nose 
(circle, square etc.) 

IfcColumn IfcColumn:PredefinedType 
(userdefined) 

Size of the abutments 
(m) 

IfcWall IfcProduct:Representation 

Orientation of abut-
ments (water attack 
angle) 

IfcStructuralAction IfcStructuralAction:As-
signedToStructuralItem IfcPlate 

Shape of the abut-
ment (circle, square 
etc.) 

IfcWall IfcWall:PredefinedType 
(userdefined) 

Type of foundation 
(piles, strip etc.) 

IfcFooting IfcFooting:PredefinedType 

Depth of foundation 
(m) 

IfcPile, IfcMember, 
IfcFooting 

IfcProduct:Representation, 
IfcProduct:ObjectPlacement 

Measured scour depth IfcPile, IfcMember, IfcWall IfcObject:IsDefinedBy, 
Pset_Condition 

To unify the IFC and the Uniclass2015 classifications, the Web Ontology Lan-
guage (OWL) has been chosen. OWL is compliant with the semantic web stack and 
leverages the Resources Description Framework (RDF) data model for data ex-
change. The multi-scale scour ontology developed through this approach (Figure 3), 
can be visualised and queried through different software platforms and can be used 
to increase the data exchange across the stakeholders involved in the scour BAM 
implementation.  
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Figure 2: UML logical model of the IFC scour model view. 

Table 2: Uniclass2015-based classification of Hydraulic & Geological (H&G) and 
Operational (O) information requirements. 

Uniclass 2015 classification Information requirement Cluster 
En_32_20 Designated land entities 
En_32_20_65  Plots of land 

Average rainfall 

H & G 

Air temperature 
Co_32  Water and land management complexes 
Co_32_65  Natural areas  
Co_32_65_72  Rivers 

Type of river flow 
Strahler order of reach 
Riverbed material 
Riverbed erosion rate 
Wetted perimeter 
Terrain type 
Manning’s coefficient 
Peak water level 
River flow rate 
River flow depth 
Slope of the stream 

En_80 Transport entities 
En_80_94  Bridges 

Debris accumulation 
O Route type 

Traffic on the route 
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3 Concluding discussion 

A lack of standardisation in data collection and storage leads to inefficient busi-
ness processes, loss of money and resources for retrieving the right data and im-
pacts on clarity and reliability of the decision made on scant, outdated and im-
precise information. 

Figure 3: Multi-scale integrated ontology modelled in OWL. 

This paper proposes an application-driven approach that prioritises specific busi-
ness objectives: being able to run the BAM models in an efficient and standardised 
manner. Yet, a modular approach needs to be considered for increasing the infor-
mation management capabilities, towards a scalable framework for digital BAM. 
The functional framework presented within this paper would provide a basis for the 
development of a scour-focused module within the bridge management systems. 
However, the BIM-based approach alone is not able to handle the complexity of the 
information at the asset level. Therefore, the integration with other data dictionaries 
and models able to handle the multi-scale BAM information requirements is needed. 
In the IFC modelling, the use of the property sets was reduced to a minimum to 
streamline the data modelling. Creating them in a BIM environment is a reasonable 
task if all their properties are used. However, this is a suboptimal solution, and it 
might be preferred to keep this data in a separate database. This would also support 
data curation and update over the asset lifecycle.  
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