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1. Introduction
Background

Research and development of product models have been carried 
out in order to enable the interoperability of various application 
systems in a lifecycle of products and structures.

•ISO 10303 STEP (Standards for The Exchange of Product model 
data): Machines, ships, etc.

•Industry Foundation Classes (IFC) of International Alliance of 
Interoperability (IAI): Buildings

Publicly Available Specification (PAS) of ISO TC184 SC4 
since November 2002.

•CIMSteel Integration Standards: Steel frames, etc.

Various standards and specifications for product models
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• We had developed our own product models for steel frames, 
penstocks, and bridges, and implemented them using XML before 
we did this research.  

• And we had integrated application systems such as 3D-CAD, 
code checking, quantity calculation, cost estimation, scheduling, 
and inspection for maintenance by the product models.

However, the modeling approach employed then was a 
classical one, which each class contains its all attributes in it.

Our Previous Work
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Issues on Product Models
• Since standard modeling and implementation procedures have 

not been established yet, different methods and approaches
have been employed by various organizations for their 
objectives.

• There are various XML schemata and other languages for 
implementing product models.

• Not so much outcome has been seen for developing 
standardized product models for civil engineering structures 
such as bridges, dams, harbors, etc.
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Problems in Design Seen during Construction
• There are many problems in design by consultants who have 

little experience or knowledge in construction.

• Many of those problems may be solved during the design 
phase by incorporating 3D product models and process 
models instead of relying on only 2D drawings.  (Of course, we 
have to incorporate knowledge as well.)
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Objectives

• Developing product models for reinforced concrete (RC) 
and prestressed concrete (PC) superstructures of 
bridges on the basis of IFC of IAI.

• Selecting an appropriate XML schema and implementing 
the developed product model.

• Developing and integrating the product model and 
several application systems to incorporate 3D models 
and construction consideration into design.
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2. IFC of IAI
• IAI : an international organization for data 

sharing in the A/E/C industry
• IFC : an object-oriented data model  developed 

by IAI
• IFC enables data sharing between CAD & non-

CAD applications
• The current version of IFC is Release 2x, IFC2x.
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9 Chapters of IAI
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Reinforced C oncrete
Structure

Pre cast
concrete SRC Steel

Structure

In-situ cast
concrete
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Structural Analysis
M odel of Steel

Structure
ST-4

Structural Domain Projects in IFC
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Collaboration for ST-2 Development

1. requirement

2. pre-modeling

3. integration

QA

review
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Basic Elements of IFC2x

• IfcObject class defines objects such as beams and columns.

• IfcPropertyDefinition class can contain supplementary information about IfcObject class.

• IfcRelationship class defines the relationship between objects and property sets.

• IfcRepresentationItem provides resources on geometric information.
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Characteristics of IFC2x

• Properties of objects are separated from the object classes and 
are defined in property sets.  Flexible representation.

• Although IFC2x provides many object classes representing 
building members, there are not many classes for members of 
civil engineering structures.

• Classes for representing internal elements are not defined in 
IFC2x.

In order to check the interference among internal elements 
including rebars, pipes, cables, sheaths, etc. and covering of 
rebars in a pre-construction or construction stage, 3D 
geometric models of internal elements would be necessary.
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3. A Product Model for RC and 
PC Bridges

Concept for Modeling
• Since IFC is developed for modeling buildings, it is difficult to 

directly apply it to bridges.  But it is inefficient to develop a 
completely new model for bridges from scratch.  

• As IFC is developed to become an international standard in 
ISO, it is advantageous to develop product models based on 
IFC from an international standard point of view. 

Thus, we have decided to develop our bridge product model 
based on IFC2x, keeping its basic structure, adding only 
necessary classes, while having generality to apply it to other 
kinds of infrastructure.  

And a type of prestressed concrete hollow slab bridges has been 
selected as a sample for validation and demonstration.
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Concrete Members
• Concrete members in bridges have more geometric freedom

than typical building concrete members such as beams, 
columns, walls, and slabs.  

• And since concrete members contain rebars, voids, sheaths, 
etc., if we define concrete members as perfect solids, we have 
to subtract contained members, which is cumbersome.  

• On the other hand, if we define a concrete member as a set of 
single surfaces, it is difficult to apply 3D finite element mesh
generation and quantity calculation to concrete members.  

• Thus, we represented a concrete member as a simple solid 
model comprised of a set of surfaces having a property of inside
or outside of the member in our product model. And, contained 
members clearly indicate that they are “contained” in the 
concrete member.
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In IFC, the IfcRelationship class has a sub class named 
IfcRelContainedInSpatialStructure. This class is used to represent 
that IfcBuildingElement members such as IfcBeam, IfcColumn, 
IfcSlab, etc., are “contained” in the IfcBuilding class.

The basic geometry of 
IfcBuilding is represented 
in IfcFacetedBrep (Brep 
or B-Rep), which is a 
closed solid comprised of 
a set of surfaces and 
which can store the 
information of the inside.
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EN TITY SlabO fBridge;
    G lobalId :   IfcG loballyUniqueId;
    O w nerHistory :   IfcO w nerHistory;
    Nam e :   O PTIO NAL IfcLabel;
    D escription :   O PTIO NAL IfcText;
    O bjectType :   O PTIO NAL IfcLabel;
    IsD efinedBy :   SET O F IfcRelD efines FO R RelatedO bjects;
    HasAssociations :   SET O F IfcRelAssociates FO R RelatedO bjects;
    HasAssignm ents :   SET O F IfcRelAssigns FO R RelatedO bjects;
    D ecom poses :   SET O F IfcRelD ecom poses FO R RelatedO bjects;
    IsD ecom posedBy :   SET [0:1] O F IfcRelD ecom poses FO R RelatingO bject;
    O bjectPlacem ent :   O PTIO NAL IfcO bjectPlacem ent;
    Representation :   O PTIO NAL IfcProductRepresentation;
    ReferencedBy :   SET O F IfcRelAssignsToProduct FO R RelatingProduct;
    LongNam e :   O PTIO NAL IfcIdentifier;
    C om positionType :   IfcElem entC om positionEnum ;
    C ontainsElem ents :   SET O F IfcRelC ontainedInSpatialStructure FO R RelatingStructure;
    SlabType :   SlabTypeEnum
EN D _EN TITY;

Definition of 
SlabOfBridge
(EXPRESS)

C oncreteP roperties
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C em entT ype
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IfcT ext
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Rebars

• Each rebar is represented as an object.  The geometry of a rebar
can be represented by extruding a circle to a direction expressed 
in a vector or revolving the circle in a curve, as 
IfcExtrudedAreaSolid or IfcRevolvedAreaSolid, respectively.

• As the anchorage part of rebars usually has no difference in 
appearance, the authors defined data such as embodiment 
length, location, type, etc., in a property set.  

• A lap splice of rebars is not represented as two bars in our model 
but is represented as a part of continuous bars having a property 
that the part is a lap splice.  

• Other attributes of rebars such as rebar type, nominal name, 
elastic modulus, etc., are defined in the property set 
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Other Members

•Void

•PrestressingStrand

•AnchoringDevice

•Sheath, etc.
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4. Implementation Issues
Although schemata of product models are to be defined in 
EXPRESS in ISO STEP, XML is widely used for implementing 
product models.  We compared the following three XMLs:

•aecXML, 
•BLIS-XML, 
•ifcXML.

We selected ifcXML for implementing our product model.
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We previously used BLIS-XML for implementing our product 
model for steel frames consisting of beams, columns, 
connections, etc.

However, BLIS-XML has a problem that we cannot verify the 
relationship between the schema and instances in terms of 
attribute type.  Further, since BLIS-XML cannot represent the 
inheritance from a class to its sub classes, it is necessary to 
declare all attributes for each class, which is cumbersome.

BLIS-XML

IfcXML
The XML Schema is used as a schema for ifcXML.  

The defects in BLIS-XML are all solved.

For these reasons, we have adopted ifcXML for implementing 
our product model.
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4. Implementation Using IfcXML
We implemented the schema of the product model for 
prestressed concrete hollow slab bridges using ifcXML, and 
then, developed an instance file for a real PC hollow slab 
bridge on the basis of the developed product model. 

A part of the product model schema in ifcXML
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A part of the instance file representing SlabOfBridge
Data of Cartesian points determining the geometry of the slab of the 
bridge.
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A part of the instance representing the relationship

IfcRelDefinesByProperties class links SlabOfBridge to 
ConcreteProperties.

IfcRelContainedInSpatialStructure class links SlabOfBridge to rebars 
contained in the slab.
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5. Integration of the Product 
Model with Application Systems

Rebar Cover
Checking System

Converter I

Converter II

３D-CAD
System

PC Bridge
Structural

Design System
(UC-1 of Forum8)

Converter III

3DProductModel

In order to check the validity and practicality of the developed product model, 
the product model was integrated with three application systems, and they 
were applied to a design case. 

AutoCAD
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Design Application (1) Preliminary Design

Preliminary Design Using a 3D-
CAD System

Converter I

ifcXML instance file
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Design Application (2) Analysis, Code Checking

Converter III

U/I of UC-1 of Forum 8

Representing 
necessary data 
for analysis 
and detailed 
design
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Result of Code Checking
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Design Application (3) Detailed Design

Converter I

Detailed design including rebars, sheaths, etc.
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Design Application (4) Checking Rebar Cover

Rebar Cover Checking 
System

Modified product model data 
is transferred to AutoCAD 
by Converter II.

Information about the error is 
added to the product model.

Converter II

Drawing
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Inside of the Slab

A rebar violating the cover requirement

Violating rebar
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6. Conclusion

We have expanded the realm of IFC from buildings to RC and PC bridges.

New classes for properly representing a slab and contained members such 
as rebars, prestressing strands, voids, etc., have been defined.

A modern model developing technique, i.e., separating property sets from 
object classes rather than representing all attributes in product classes, was 
employed, which makes the model more flexible.

The pros and cons of various XML were discussed and ifcXML has been 
evaluated as a most suitable XML schema for implementation of product 
models based on IFC.

This research showed the validity and practicality of the product model by 
integrating three application systems using the developed product model and 
data conversion programs.

We developed a product model for RC or PC slab bridges on the basis 
of IFC, and implemented the product model schema and instance by
ifcXML.  Then, the product model was integrated with three application 
systems.  The contribution of this research is as follows
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Thank you!


