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The exchange of data between different stakeholders is of crucial importance for the suc-

cessful realization of construction projects. As we are facing a very heterogeneous software 

landscape, the use of non-proprietary exchange formats is required. For the Architecture, 

Engineering and Construction industry the current version of the IFC (Industry Foundation 

Classes) provides good support for high rise buildings, however very little options for infra-

structure assets like bridges. In 2016, the official international IFC-Bridge project was initi-

ated to expand the IFC schema to incorporate support for these structures. Before, several 

projects (national and international) were undertaken which tried to provide such exten-

sions. They are considered as starting points for the project. In this article, we look at the 

results of these projects and discuss their applicability for the official IFC-Bridge project. 
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1 Introduction 

Building Information Modeling (BIM) has proven to provide considerable advantages in 

areas of planning, execution and facility management of a building (BORRMANN et al., 

2015). An essential part of the BIM philosophy is its data model: the Industry Foundation 

Classes (IFC) (ISO 16739). The [*.ifc] data format is becoming the standard neutral data 

format to be used in all possible exchange scenarios between different stakeholders in an 

AEC (Architecture, Engineering, Construction) project. However, the current official ver-

sion IFC4x1 provides only little support for infrastructure objects such as bridges.  

The recent successful completion of the IFC-Alignment and the IFC-Infra Overall Architec-

ture projects whose outcomes resulted in the release of the IFC4x1 and lay good founda-

tions for the description of linear civil engineering structures. Following them, three new 

projects were started, namely the IFC-Road, IFC-Rail and IFC-Bridge. They all build upon 

the definitions of both predecessors and promise to support the specifics of road, railway 

and bridge designs, respectively. The projects’ relationships are depicted in Figure 1. Their 

end results are foreseen to be included in the IFC5 version. 

After a significant time of preparation, the IFC-Bridge project was officially started by 

buildingSMART International (bSI) in Febraury 2017 (BUILDINGSMART, 2016). As can be 

seen in the Figure 1 it will expand on the definitions in the IFC4x1 schema and cooperate 

with its sister projects through the IFC-Common Definitions project due to be officially 

started on the autumn bSI summit.  

However, there have already been some initiatives completed around the globe which tried 

to describe bridges with the presently valid IFC schema and additional entities as required. 

The French project IFC Bridge was the first to tackle the problem (FERRIES, 2001). In paral-

lel, the Japanese experts also worked on a data model for the bridges (YABUKI & SHITANI, 
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Fig. 1: The IFC-Rail, IFC-Road and IFC-Bridge projects build upon the results of the 

IFC-Alignment and IFC-Infra Overall Architecture projects (LIEBICH, 2016).  

2003) and later joined their findings with those of their French colleagues (YABUKI et al., 

2006; LEBEGUE et al., 2007). However, the proposed draft standard was never adopted by 

bSI nor implemented by the software vendors. Then, there was a time of comparatively low 

activities due to a lack of interest among the software vendors as well by the private and 

public sectors. With the recent renewed interest (which also initiated the already mentioned 

IFC-Alignment project) many different members of bSI have worked on IFC extensions for 

modeling bridges. There were proposals submitted from Korea (CHOI, 2016), China 

(CRBIM, 2016), France (MINnD, 2015) and the USA (CHIPMAN et al., 2016). The projects 

are in various stages of completeness and those still running have agreed to cooperate with 

the newly started bSI IFC-Bridge project. 

The paper is structured as follows. The mentioned projects except for the Korean contribu-

tion and their approaches to incorporate the necessary expansions of the IFC schema are 

explained in detail in Section 2. Section 3 discusses the differences among each other. The 

article is concluded with Section 4. 

2 Projects 

2.1 French-Japanese IFC Bridge project 

The IFC Bridge project originating from France was the first to tackle the necessities of a 

bridge description (FERRIES, 2001). The scope of the project was to both structurally and 

semantically describe a bridge asset along all the phases of the design and construction 

processes. Similarly to the IFC, they used the EXPRESS definitions for the description of 

the entities and produced EXPRESS_G diagrams as graphic representation of the data 
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model. All in all, a new, separate proprietary bridge format was defined containing 71 enti-

ties and 32 enumerations. However, the partners also mapped the entities to the presently 

official IFC2x3 schema with the first version published in 2004 based on the SETRA1 OA-

EXPRESS model.  

Around this time, the Japanese experts also introduced their proposal to describe reinforced 

and prestressed concrete superstructures of bridges (YABUKI & SHITANI, 2003). Contrary to 

the French initiative, their model was based on IFC2x from the beginning and thus avoiding 

the inefficient development of a completely new data model from scratch. They added (as 

few as possible) new entities where seen fit, most notably adding a parallel entity to the 

already existing IfcBuildingElement named IfcCivilStructureElement. The derivations of the 

latter was intended to be used as the basis for all infrastructure subtypes like prestressing 

strands or anchors and thus be semantically separated from the high-rise elements. With the 

relating entity IfcRelContainedInSpatialStructure the physical elements would be contained 

in new spatial structures derived from IfcSpatialStructureElement. They also stressed the 

importance of using property sets to define individual properties of objects and not includ-

ing them in the definitions themselves to allow for flexible representation. 

A few years later both project groups joined forces in order to obtain more international 

support and published the second version IFC Bridge v2 (YABUKI et al., 2006, LEBEGUE et 

al., 2007). It was based on the IFC2x3 schema and prototyping with software vendors from 

France, Japan and Germany began. Due to a lack of interest from the stakeholders the pro-

jects had negligible impact on the AEC community. 

2.2 BrIM 

Bridge Information Modeling Standardization (BrIM) is a more recent project run by the 

Federal Highway Administration in the United States of America (CHIPMAN et al., 2016, 

U.S. FEDERAL HIGHWAY ADMINISTRATION, 2016). Its main purpose was to “identify, ana-

lyse, validate, expand, and build consensus for an open, non-proprietary set of BrIM stand-

ards”. The project compared the LandXML, the OpenBrIM, and the IFC schemas, and 

found the latter to be most suitable for modelling bridges. 

During its course two prototype bridge examples were modelled in full detail using the 

definitions made available by the IFC4x1 schema like IfcAlignment and IfcSectioned-

SolidHorizontal. The first test case was a steel bridge in a curved alignment with constant 

slope and 3 spans, the second a concrete single span overpass in a curve with parabolic 

vertical incline. The data modelled followed a simple principle to include everything need-

ed to bid and build a bridge; i. e. the information included in the 2D drawings. 

Not many new entities or enumerations were proposed; however, it was noted that a new 

data structure should be considered to model the positioning of physical elements along the 

alignment curve. This dependency was initially modelled with IfcRelPositions, which al-

lows for specification of a position of an element relative to an alignment using 3 axes 

                                                           
1  SETRA stands for Service d’études techniques des routes et autoroutes (Technical Department for 

the Transport, Roads and Bridges Engineering and Road Safety), a member within the Ministry of 

Transport and Infrastructure, France. 
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(longitudinal, lateral and vertical). With the publication of IFC4x1, this relationship is 

solved using a combination of IfcLinearPlacement and IfcOffsetCurveByDistances (see 

Figure 2). Likewise, sweeps along an alignment are more complex than in high-rise con-

struction, as the alignment is curved, the cross section may rotate, and change its form 

along the infrastructure asset. The project members welcomed the freshly added geomet-

rical entity IfcSectionedSolidHorizontal, which successfully addresses all imaginable sce-

narios (see Figure 2). 

 

Figure 2: A visualisation of the bridge’s geometrical representation using the new ele-

ments IfcAlignmentCurve, IfcOffsetCurveByDistances and IfcSectionedSolidHor-

izontal introduced in IFC4x1 (CHIPMAN et al., 2016).  

2.3 CRBIM 

The CRBIM (China Railway BIM Alliance) took upon them to develop an extension of the 

IFC4 standard in the railway engineering domain. The Alliance is a conglomerate of several 

actors from the public as well as the private sector. A part of this extension was also a for-

mal description of schema for railway bridges (CRBIM, 2015). 

The resulting expansion introduces 34 new entities and 26 new enumerations, many of 

which are relatives of already existing entities. On the one hand, IfcBridgeWingWall was 

introduced instead of modelling the walls of an abutment with an IfcWall, which does not 

correspond to the philosophy of the data model. The reasoning behind it was to emphasize 

its specific functionality to differentiate it for the latter designed primarily for walls in high 

rise buildings. The project members also decided to provide support for every possible type 

of bridge and have provided a very fine-grained data structure which is unlikely to be 

adopted by bSI.  
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On the other hand, as seen in Figure 3, they made effective use of the CompositionType 

attribute inherited from the IfcSpatialStructureElement, which is a welcoming development. 

Also, instead of including and cementing the types and names of the attributes of individual 

elements (like width or material), property sets accessed through entities’ type enumera-

tions have been foreseen. In this way, much more freedom is left to the contractors and 

software vendors, as each may define for himself which parameters are important for a 

complete model and include that in a contract or bid call. The project end report comes with 

a few suggestions for property sets for individual entities defined in that manner, though. 

 

Figure 3: Bridge’s spatial structure represented with the values of the inherited Composi-

tionType attribute of the supertype entity IfcSpatialStructureElement for Ifc-

Bridge similar to that of IfcSite (CRBIM, 2015).  

2.4 MINnD 

The MINnD project (Modélisation des INformations INteropérables pour les INfrastruc-

tures Durables; Interoperable Information Model for Sustainable Infrastructures) is a large 

scale national project with participation of many partners from Europe (MINND, 2015). It is 

focused exclusively on infrastructure projects and includes the modelling of bridges. It 

builds on the IFC Bridge v3 model and its basic structure of the bridge’s element and spa-

tial entities can be seen on Figure 4 (TANAKA et al., 2016). In the project, three sample 

bridges with varying complexity were modelled: a very complex overpass spanning multi-

ple fields over a railway station with a unique supporting structure, a bridge similar to those 

of the BrIM project and a pretty simple underpass. Initial investigations revealed that none 

of the models provided information comparable to that contained in 2D drawings and were 

all considered “unusable on the construction site”. 

One of the main recognized drawbacks in the first phase of the project was the modeling of 

swept solids using faceted boundary representations, which is suboptimal for the sizes of 

files and totally useless when using the models for structural analysis. For example, the 

resulting model of the complex bridge contained 43753 (!) entities and was “not machine 

readable”. Additionally, because of the shallow spatial structure, the although rich and 

detailed model could not be easily navigated through. The resulting model had no seman-

tics at product and geometry levels as well as in product connections (MINND, 2015). 
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Figure 4: Bridge’s main element and spatial entities as proposed in IFC Bridge v3 

(TANAKA et al., 2016).  

With the introduction of the results from the IFC-Alignment project the foundations were 

laid for modelling linear infrastructure assets by introducing the already mentioned 

IfcAlignment and IfcSectionedSolidHorizontal entities. However, a major task still to be 

addressed is the definition of appropriate exchange requirements for the different exchanges 

between participating actors – the Model View Definitions. 

3 Discussion 

3.1 Alignment 

What is common for all projects is the search for a good geometrical definition of the refer-

ence line of the bridge, the so-called alignment. The IFC Bridge project (Section 2.1) linked 

its definition of the GeometryReferenceLine with the already existing entity IfcBound-

edCurve but noted that there should probably be a supertype of ArcEntities defined which 

can be used as well for the tendons’ or reinforcements’ geometries.  

With the official introduction of IfcAlignment sound and robust definition has been accom-

plished. It is based on the well-established principle of handling the horizontal and vertical 

alignment separately. The possibilities now include modelling of well-defined horizontal 
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transition curves conjoined with vertical arcs or parabolas in the most complicated case. All 

other projects based their definitions on these entities provided by the IFC4x1 schema con-

firming the maturity and usefulness of the IfcAlignment contribution to the schema. 

3.2 New Entities 

Another commonality is how all the projects (except for CRBIM) strived to expand the 

current official version of the IFC schema as little as possible. The reasoning behind it is 

the propriety of the data format. There are a vast number of stakeholders in the AEC indus-

try originating from both the private and public hands using different software solutions. 

Keeping the number of changes low ensures lower commitment costs for the software ven-

dors, which could therefore adapt the changes as quickly as possible and thus the new pos-

sibilities would be embraced amongst all stakeholders (ideally) simultaneously. 

A significant difference of the CRBIM project (Section 2.3) to the others is that all the 

types of bridges were considered. Their proposal modelled them as separate entities, alt-

hough a type enumeration should have been considered. This adds to the complexity of the 

resulting schema, however enables the exchange of every possible bridge structure imagi-

nable – which is the end goal after all. 

3.3 Modeling 

As noted in the BrIM project (Section 2.2), modelling of the smallest details is generating a 

huge data volume. For example, rebar usually follows a simple pattern along the bridge, 

however modelling each rod individually makes the file explode in size. Similarly, to im-

prove precision of the exchanged geometry and better suitability for structural analysis, the 

MINnD project (Section 2.4) recommended using the sweep solids instead of the boundary 

representations, i. e. IfcSectionedSolidHorizontal vs. IfcManifoldSolidBrep. In this case 

using the former also increases the precision of the modelled asset. 

The CRBIM’s and MINnD’s approaches have in common that they both modeled the prop-

erties of individual bridge elements through property sets. However, the BrIM report notes 

that modelling the same thing should be made possible in only one way thus preferring 

stricter definitions and fewer possibilities. 

4 Conclusion 

The use of standardized data models enables a clear and concise exchange of data between 

different contributing actors. In the AEC industry, the IFC data format (ISO 16739) has 

established itself on the market as the format of choice. However, an international consen-

sus on how to exchange infrastructure assets has not been met yet. 

In our study, we compared the existing proposals from various buildingSMART chapters 

which tried to expand the IFC schema to support bridges. We discussed their results and 

approaches to modelling bridges and found many similarities. As noted in CHIPMAN et al. 

(2015), during the modelling of one of the bridges, several errors were found in the under-

lying plans. This provides staunch support for the shift from 2D plans to 3D modelling of 

the building assets. The end results from all projects provide a solid basis for further devel-
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opments and will be used in the just recently started IFC Bridge project itself. It is advisable 

to take note and try to include as many suggestions from these projects as possible and thus 

omit double labour. 

The author would like to thank all participants in the IFC Bridge project for their input as 

well as to the funder of the project. Additional thanks go to Bundesministrerium für 

Verkehr und digitale Infrastruktur (Federal Ministry of Transport and Digital Infrastruc-

ture) for financial support. Thanks also go to the two anonymous reviewers for their useful 

comments. This paper is written in English for it to be available to all project partners. 
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