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Abstract

The study at hand explores and reports on an quantity take-off (QTO) business case for
road projects using the Industry Foundation Classes (IFC) data model. It follows the
Information Delivery Manual (IDM)/Model View Definition (MVD) development pro-
cess. We take the Regeln fiir die elektronische Bauabrechnung - Verfahrensbeschreibung
(REB-VB) (Regulations for Electronic Billing in Construction — Procedural Description)
22.001 guideline as an IDM defining the QTO requirements for road objects. A special-
ized MVD MVD_REB 22001 has been developed and prototypically implemented to test
its correctness. The resulting MVD is light-weight and can be used for exchange and
quality control of REB-VB 22.001 compliant road quantities using IFC. The results show-
case the great flexibility of IFC as well as the robustness of the IDM/MVD methodology.
Additionally, this study may serve as a template for future endeavours showcasing how
national guidelines can employ IFC to ensure semantically crisp and seamless informa-
tion exchanges.

1.Introduction

One of the benefits of any information provided within digital models is its readiness
for immediate consumption by algorithms without any need for human interaction.
Moreover, repetitive tasks and computationally demanding analysis can be fully auto-
mated. The focus of this study is a standardized exchange of road quantities in the
architecture, engineering and construction (AEC) domain. That is, a commonly applic-
able information model (IM) for road quantity take-off (QTO) is sought for, which could
support improved workflows when creating bill of quantities with precise road data.
On the one hand, International Organization for Standardization (ISO) published a new
version of Industry Foundation Classes (IFC) in 2024 — IFC4.3 — which introduces many
new concepts from the infrastructure domain in general, and road domain in particular.
As such, it is now possible to define specifications for IFC exchanges in the infrastruc-
ture sector with clear semantic assignment of objects and their attributes. On the other
hand, Regeln fiir die elektronische Bauabrechnung - Verfahrensbeschreibung (REB-VB)
(Regulations for Electronic Billing in Construction — Procedural Description, in German)
include the procedural descriptions for the billing of roadway structures, e.g. road con-
struction sites. Specifically, REB-VB 22.001 standardises the minimum set of quantities
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Figure 1: The business case in focus: exchange of QTO data for road facilities following
REB-VB 22.001 using the IM IFC (following ISO 29481, 2016).
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Figure 2: The IDM/MVD methodology used for this study. The requirements stemming
from the envisioned business case are captured in an IDM document. The exact mapping
to the IFC IM is defined glsifc with an MVD, which represents the basis for modelling as
well as for the QA/QC loop (based on ISO 29481, 2016).

applicable to road objects for the German market (REB-VB 22.001, 2022). The study at
hand explores and reports on the exchange of road quantities following REB-VB 22.001
using IFC as depicted in Figure 1.

In order to systematically approach business cases in the AEC domain, buildingSMART
International (bSI) community developed multitude of documentation standards together
with the methodology as shown in Figure 2. An Information Delivery Manual (IDM) en-
capsulates the requirements of the scope of the data exchange, focusing on its business
case, the actors involved, the process, the exchange requirements, and the information
units (ISO 29481, 2016). From this, an implementation guideline for a specific IM in the
form of an Model View Definition (MVD) can be derived, defining which entities shall
be used in what constellation, and which attributes shall be filled with concrete data.
Having defined the IDM and the MVD, AEC experts can produce their models and ex-
change them using the underlying IM, e.g. the non-proprietary, open IM: IFC'. These
models can be continuously checked in an automated quality assurance / quality control
(QA/QC) loop using the MVD definitions. This ensures the availability and correctness
of the exchanged data for the business case described within the IDM.

1An example MVD for the IFC data model is the Reference View 1.2 (RV) (bSI, 2020).
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Figure 3: The different integration methods of two IMs (Beck et al., 2021). This study
follows the left-most method: Conversion.

We take the REB-VB 22.001 guideline as an IDM, defining the QTO requirements for road
objects. Its initial implementation in Objekt Katalog Strafle (road catalogue for roads, in
German) (OKSTRA) is considered as a complete requirement model and transformed into
a specialized MVD for the IFC IM: MVD_REB_22001. For this, mapping tables between
OKSTRA and IFC standards are derived and appropriate concept templates and template
usages from the RV selected. In a nutshell, we convert the subset REB-VB 22.001 of the
OKSTRA IM to the subset MVD_REB 22001 of the IFC IM.

The integration of IMs is a common topic in current research, e.g. between the research
fields Building Information Modelling (BIM) and Geographic Information System (GIS).
Beck (2023) has conducted an extensive literature research on the integration of IMs of
BIM and GIS and found that the research on information integration differs both in terms
of integration methods and IMs. For example, the information integration can be applied
on either instance or schema levels. There are four major types of integration methods:
conversion, extension, merging, or linking as presented in Figure 3 (Beck et al., 2021).
A specialized MVD for IFC to support road QTO exchanges is unknown to the authors.
However, MVDs have been successfully created before for related business cases from
the AEC domain. Weise et al. (2016) explored how MVD can be employed to check IFC
models of hospitals with promising results. Oostwegel et al. (2022) developed an IDM
based on a national guideline and derive an MVD for historical BIM models. Moreover,
the developed rules have been used for QA/QC of the IFC model with all intentional
modelling mistakes correctly identified. Related, Schamne et al. (2024) successfully de-
veloped a conceptual model for construction waste management based on IFC, but did
not develop a complete MVD.

The paper is structured as follows. This section presents our motivation, problem state-
ment, the methodology followed, and related works. Section 2 presents background
information on REB-VB, IFC, and MVD, as required for this study. The main contribu-
tion of this paper is described in depth in Section 3 with the developed MVD as well as
a prototypical implementation. We discuss our results and conclude with Section 4.

2.Background

REB-VB contains the procedural descriptions for the billing of works, e.g. road con-
struction sites. In particular, REB-VB 22.001 regulates the exchange of objects with their
geometric definitions and associated quantities. The geometric objects are transferred
between the source and the target systems with the quantities determined in the source
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Figure 4: An UML diagram of REB-VB 22.001 for OKSTRA IM (REB-VB 22.001, 2022).

system provided as an attribute of the object in question, together with the associated
quantity groups. The target system can check that the quantities determined in the
source system do not exceed certain tolerances when compared with the quantity cal-
culation within the target system (REB-VB 22.001, 2022). The initial implementation has
been achieved within the OKSTRA IM. An Unified Modeling Language (UML) diagram is
presented in Figure 4 (REB-VB 22.001, 2022). The quantities in scope of REB-VB 22.001
are i) count [pcs], ii) horizontal length [m], iii) spatial length [m], iv) horizontal area
[m?], v) surface area [m?], and vi) volume [m?]. These are assigned to the objects
a) point, b) line, c) area, and d) solid, as applicable® (cf. REB_Geometrieobjekt with its
children on Figure 4). Quantity groups can contain one or more objects and provide
the (quantity) totals of all the objects they reference (cf. Mengengruppe on Figure 4).
The groups themselves are assigned to the exchange container, which holds additional
metadata of the exchange (cf. Berechnung REB on Figure 4).

IFC is an IM that enables the exchange of high-quality geometric and semantic data of
built environment (ISO 16739, 2024). Its development began in the 1990s and manifes-
ted several published versions. The IFC2x3 version was the first practical version and is
widely used, both by software providers in their products and by experts in their work-
flows. The IFC4 version extends and standardizes the existing concepts from IFC2x3,
for example witha general purpose MVD: RV (bSI, 2020). However, the development of
the two IFC versions mentioned above only focused on the exchange of building models
and completely neglected the infrastructure sector. Over the last ten years, interest in
extending IFC to support infrastructure workflows has continued to grow. The resulting
new version IFC4.3 with a multitude of new concepts for the infrastructure domains was
ratified in early 2024 (ISO 16739, 2024).

IFC supports multitude of business cases from the AEC industry. Since no software
product supports all of them, and no information exchange employs the whole IM, bSI

*For example, an area (Item c) shall have both horizontal and surface areas (Items iv and v) assigned.
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Figure 5: Graphical representation of Classification for Objects (bSI, 2020).

Table 1: Mapping between OKSTRA and IFC data types.

OKSTRA IFC

GUID IFcGLOBALLYUNIQUEID
CHARACTERSTRING STRING, IrcLABEL, IFCIDENTIFIER, IFCTEXT
ZEITPUNKT IrcDATETIME

ANZAHL NUMBER, IrFcCOUNTMEASURE
METER IFCLENGTHMEASURE
QUADRATMETER IFCAREAMEASURE
KUBIKMETER IFCVOLUMEMEASURE
GM_PoiINT IrcPoINT

GM_CuURvVE IrcCUrvVE

GM_MULTISURFACE IFCSURFACE

GM_SoLip IrcSoLiD

REB22001_VERWENDETE_MENGE IrcLABEL (with corresponding restrictions)

developed some MVDs to limit the scope of implementation and thus ensure faster adop-
tion by the industry as well as make certification more achievable. In a nutshell, an MVD
limits the amount of entities from the IFC schema by carefully selecting a subset. For
example, IFCEXTRUDEDAREASOLID is part of RV, while IrcTAsk is not. Additionally, spe-
cific graphs and combinations of attributes are explicitly allowed and/or required to be
populated. As presented in Figure 5, to assign classification to an object, the entities Irc-
CLASSIFICATION, IFCCLASSIFICATIONREFERENCE and IFCRELASSOCIATESCLASSIFICATION
have to be correctly connected among one another and to the object in question, with
the attributes shown in blue being testable and queryable.

3.MVD_REB_22.001

The REB-VB 22.001 data schema uses several OKSTRA data types (see Figure 4). The
matching data types in IFC were identified and compiled in Table 1. For some data types
several suitable IFC types are listed, that should be selected sensibly in the respective
context of use (e.g. CHARACTERSTRING). Similarly, any entity from the inheritance tree
shall be used for abstract entities (e.g. [FcSoLID).

The main components of an MVD are carefully selected functional blocks that apply
to individual entities. Table 2 contains the assignment of relevant concepts with the
corresponding applicable entities for the functional blocks identified from Figure 4. For
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Table 2: Enumeration of the concepts and the applicable entities for MVD_REB_22.001.
The complete documentation of the concepts can be found in chapter 4 of bSI (2020).

ID Concept IFC Entity Comment

-1-  Product Geometric Representation IFCELEMENT Assigns geometry to objects

-2-  Quantity Sets IFCELEMENT Assigns quantities to objects

-3-  Quantity Sets IrcGroup Assigns quantities totals to groups
-4-  Project Declaration IrcProjecT  Declares groups of the exchange
-5-  Group Assignment IrcGroup Assigns groups to objects

-6- Assignment to Group IFcELEMENT  Assigns objects to groups

-7-  Project Classification Information ~ IrcProjecT  Defines classification OKSTRA

-8-  Classification for Objects IFcELEMENT  Assigns classification to objects
-9-  Property Sets for Objects IrcPrOJECT  Assigns exchange metadata

Table 3: The mapping for OKSTRA elements OKSTRA_Objekt and Berechnung_REB to IFC
entities and attributes, as well as concepts from Table 2.

OKSTRA IFC Entity Attribute Ref.
OKSTRA_Objekt IFCELEMENT -
OKSTRA_ID IrcRooT GroBALID
zu_REB_Geometrieobjekt - ignored, same object
Berechnung_ REB* IFCPROPERTYSET - -9-
Bezeichnung_Berechnung® IFCPROPERTYSINGLEVALUE VALUE -9-
Bezeichnung_Massnahme* IFCPROPERTYSINGLEVALUE VALUE -9-
simile for other attributes ~ -9-
hat_Mengendefinition IrcPrOJECT DECLARES -4-

* The value of the IFC entity’s attribute NAME equals this exact string.

example, the concept template Quantity Sets enables attaching different quantities (Irc-
PHYSICALQUANTITY) to individual model elements (IrcOBjECT) and the quantity totals
to the quantity groups (IFcGroup) (cf. -2- and -3-, respectively).

To enable the implementation of MVD_REB_22.001 in software, it was necessary to map
each element from Figure 4 with all of its attributes to IFC. Meaningful entities and/or
their attributes were identified and the results are listed in Tables 3 to 5. For example,
the NAME attribute of a quantity group (Mengengruppe) can be mapped to the NAME at-
tribute of an IrcGrouP. Some attributes have already been assigned using the selected
concepts from Table 2, such as the hat_Mengendefinition attribute of the Berechnung_REB
object. Here, the Project Declaration concept is used to create a link between the exchange
container (IFCPRoJECT) and the individual quantity groups (IrcGroup) using IFCRELDE-
CLARES (cf. -4- with Table 3). Additionally, not all quantities have to be assigned to all
objects, but are selected according to the dimensionality of the object’s geometry (cf.
REB_Geometrieobjekt with its children on Figure 4).

Figure 6 shows an exemplary structure of an IFC file according to MVD_REB 22.001.
The entity IFCPROJECT (left centre) represents the container for the data exchange. The
necessary metadata is attached using a specialized IFCPROPERTYSET as defined in Table 3
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Table 4: The mapping for OKSTRA element Mengengruppe to IFC entities and attributes,
as well as concepts from Table 2.

OKSTRA IFC Entity Attribute Ref.
Mengendefinition IrcGroup -
Name IrcGrouUP NAME
Kennzeichnung IrcGroup OBJECTTYPE
Herkunft IrcGroup DESCRIPTION
zu_Berechnung_REB IrcGroUP HasCONTEXT -4-
Mengengruppe IFCELEMENTQUANTITY - -3-
Summe_Anzahl* IrcQUANTITYCOUNT COUNTVALUE -3-
Summe_Horizontale_Laenge* IFCQUANTITYLENGTH LENGTHVALUE -3-
Summe_Raeumliche Laenge® IFCQUANTITYLENGTH LENGTHVALUE -3-
Summe_Horizontale_Flaeche* IFcCQUANTITYAREA AREAVALUE -3-
Summe_Oberflaeche* IFCQUANTITYAREA AREAVALUE -3-
Summe_Volumen* IFCQUANTITYVOLUME  VOLUMEVALUE -3-

verwendete_Menge IFCELEMENTQUANTITY METHODOFMEASUREMENT

hat_Punktobjekt IrcGroup IsGrROUPEDBY -5-
hat_Linienobjekt IrcGroup IsGROUPEDBY -5-
hat_Flaechenobjekt IrcGroup IsGROUPEDBY -5-
hat_Volumenobjekt IrcGroup IsGrROUPEDBY -5-

* The value of the IFC entity’s attribute NAME equals this exact string.

Table 5: The mapping for OKSTRA element REB_Geometrieobjekt and its subclasses to
IFC entities and attributes, as well as concepts from Table 2.

OKSTRA IFC Entity Attribute Ref.

REB_Geometrieobjekt I[FCELEMENT -

zu_OKSTRA_Fachobjekt ignored, same object

Bedeutung IFCCLASSIFICATIONREFERENCE ~ IDENTIFICATION -8-
Punktgeometrie IFCELEMENT REPRESENTATION -1-
Punktnummer IFCELEMENT Tac

Liniengeometrie IFCELEMENT REPRESENTATION -1-
Flaechengeometrie IFCELEMENT REPRESENTATION -1-
Volumengeometrie IFCELEMENT REPRESENTATION -1-
zu_Mengengruppe IFCELEMENT HASASSIGNMENTS -6-
- IFCELEMENTQUANTITY NaMmE = “REB_Mengen”  -2-
Horizontale_Laenge* IFcQUANTITYLENGTH LENGTHVALUE -2-
Raeumliche_Laenge” IFCQUANTITYLENGTH LENGTHVALUE -2-
Horizontale_Flaeche* I[FCQUANTITYAREA AREAVALUE -2-
Oberflaeche® IFCQUANTITYAREA AREAVALUE -2-
Volumen* IFCQUANTITYVOLUME VOLUMEVALUE -2-

* The value of the IFC entity’s attribute NAME equals this exact string,.
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Figure 6: Example instance diagram for a complete QTO of a road’s pavement
layer according to MVD_REB_22001. The numbers on the connections correspond
with concept templates from Table 2. The names of the attributes as well as IFc-
COURSE.REPRESENTATION from -1- not shown for brevity. -A- and -B- stand for Spatial Ag-
gregation and Spatial Containment, respectively, which are not required by REB-VB 22.001,
but included to be in line with RV (bSI, 2020).

(bottom left). The dataset contains a road’s pavement layer IFCCOURSE (right centre),
which is assigned to a quantity group IFcGroup (centre). These are linked to each other
by the relation IFCRELAssiGNsToGroup. The quantity group is declared in the project
via the IFCRELDECLAREs relation.

Both the pavement layer and the quantity group have corresponding quantities IrcPHYS-
ICALQUANTITY assigned via the relation IFCRELDEFINESBYPROPERTIES and the entity
IFCELEMENTQUANTITY (bottom right and centre, respectively). The project defines the
“OKSTRA” classification with IFcCLASSIFICATION via the relation IFCRELASSOCIATES-
CLASSIFICATION (top centre). The corresponding classification in accordance with OK-
STRA is assigned to the pavement layer via the relation IFCRELASSOCIATESCLASSIFICA-
TION and the entity IFCCLASSIFICATIONREFERENCE.

In order to complete the example, some additional entities are added. The pavement
layer belongs to a road spatial container IrFcROAD via the relation IFCRELCONTAINEDIN-
SPATIALSTRUCTURE, which itself then belongs to the project via the relation IrFcRELAG-
GREGATES (top, -B- and -A-, respectively). These requirements do not stem from REB-VB
22.001, but rather ensure that the developed MVD_REB_22.001 remains in scope of the
well-established RV (bSI, 2020).
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Figure 7: Import of the exemplary roundabout project into an IFC viewer. A snippet of IFC
content is shown at the bottom. The quantities for the selected curb element can be seen
on the right bottom.

3.1.Prototype Implementation

The newly developed MVD was prototypically implemented in VESTRA INFRAVISION
and KOSTRA PRO software products of AKG Software Consulting GmbH. The former
supports roadway design, while the latter supports cost calculations and billing, thus
employing a software product for both activities from Figure 1.

First, we modelled a simple roundabout and exported an MVD_REB_22.001 compliant IFC
dataset. Second, we loaded the dataset into a general-purpose IFC viewer (cf. Figure 7,
left). The MVD_REB_22.001-compliant data structure for a curb, represented with a solid,
and the associated quantity groups in accordance with REB-VB 22.001 can be seen in the
detailed view (cf. Figure 7, bottom right). A snippet of the IFC file created by the export
highlights the entities required for -2-, -7-, and -8- concepts (cf. Figure 7, bottom left).
Third, the quantities have been imported into KOSTRA PRO, where a cost estimate/cost
calculation has been carried out using the provided QTO specifications. For example,
the unit prices for the items in the bill of quantities were fetched from a price catalogue
and adjusted depending on the quantity:.

4.Conclusions

The study at hand explores and reports on a standardized QTO for road projects using
the IFC4.3 as presented in Figure 1. We base our study on the IDM/MVD development
process from ISO 29481 (2016). The IFC schema is very generic and offers great flexibility
for defining a tailor-made MVD.

We take the REB-VB 22.001 guideline from Figure 4 as an IDM defining the QTO require-
ments for road objects. A specialized MVD dubbed MVD_REB_22001 has been developed
as presented in detail in Section 3. For this, the OKSTRA definitions were mapped to
their equivalent in IFC. We succeeded to transform a German regulation REB-VB to the
globally applicable IFC IM. Additionally, the developed MVD has been prototypically
implemented to prove its viability. An exemplary roundabout project has been success-
fully exchanged between two software products serving both ends of the process from
Figure 1 as presented in Section 3.1 and Figure 7.

During the development of MVD_REB_22001, we limited ourselves on the set of concept
templates from the RV (bSI, 2020). As a consequence, the developed MVD can be used
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(with minimal adjustments) also in the previous major versions IFC2x3 and IFC4. As
such, we do not impose additional burden on the existing implementations of IFC export
and import interfaces within commercial software solutions, which shall enable quick
adoption of MVD_REB 22001 by the industry.

It is necessary to continue and comprehensively document the knowledge gained for
the implementation of further procedures. On the one hand, procurement documents
and project documentation shall have an easy and transparent way of including and/or
referencing (specific) MVD requirements without the technical hassle. Combinations
between different MVDs shall be standardized and made accessible to the broader AEC
public. On the other hand, MVD documentations shall be openly available for any soft-
ware vendor interested in supporting any business case around the world. We call for
the development of sample data sets and the development of suitable methods for sus-
tainable software certification.

In conclusion, we have successfully processed a national guideline as an IDM and de-
veloped as well as implemented a specialized MVD for the IM IFC. The results showcase
the great flexibility of the IFC IM as well as the robustness of the IDM/MVD methodo-
logy to support national use cases. The resulting MVD is light-weight and can be used
for exchange and quality control of REB-VB 22.001 compliant road quantities. Addition-
ally, this study may serve as a template for future endeavours showcasing how national
guidelines can employ IFC data model to ensure semantically crisp and seamless inform-
ation exchanges, providing the necessary instructions for software implementation.

References

Beck, S. F., Abualdenien, J., Hijazi, I. H., Borrmann, A., & Kolbe, T. H. (2021). Analyzing
Contextual Linking of Heterogeneous Information Models from the Domains BIM
and UIM. ISPRS International Journal of Geo-Information, 10(12). https://doi.org/10.
3390/1jgi10120807

Beck, S. F. (2023). Context-sensitive linking of heterogeneous information models from the
building and the urban domain [Doctoral dissertation].

bSI. (2020). Industry Foundation Classes 4.0.2.1: Reference View 1.2. https://standards.
buildingsmart.org/MVD/RELEASE/IFC4/ADD2_TC1/RV1_2/HTML/

ISO 16739. (2024). ISO 16739-1:2024: Industry Foundation Classes (IFC) for data sharing in
the construction and facility management industries — Part 1: Data schema (Standard).
International Organization for Standardization. Geneva, CH.

ISO 29481. (2016). ISO 29481-1:2016: Building information models: Information delivery
manual — Part 1: Methodology and format (Standard). International Organization
for Standardization. Geneva, CH.

Oostwegel, L., Jaud, S., Muhi¢, S., & Malovrh Rebec, K. (2022). Digitalization of culturally
significant buildings: ensuring high-quality data exchanges in the heritage domain
using OpenBIM. Heritage Science, 10. https://doi.org/10.1186/540494-021-00640-y

REB-VB 22.001. (2022). REB-Verfahrensbeschreibung 22.001 Mengen aus geometrischen Ob-
jekten (Standard). Bundesministerium fiir Digitales und Verkehr. Berlin, DE.

Schamne, A. N., Nagalli, A, Soeiro, A. A. V., & da Silva Pocas Martins, J. P. (2024). BIM in
construction waste management: A conceptual model based on the industry found-
ation classes standard. Automation in Construction, 159, 105283. https://doi.org/10.
1016/j.autcon.2024.105283

Weise, M., Nisbet, N., Liebich, T., & Benghi, C. (2016). IFC model checking based on
mvdXML 1.1. In S. Christodoulou & R. Scherer (Eds.), Ework and ebusiness in archi-
tecture, engineering and construction — proceedings of the 11th european conference
on product and process modelling, ecppm 2016.

CIB W78 conference 2024, Marakesh, Morrocco


https://doi.org/10.3390/ijgi10120807
https://doi.org/10.3390/ijgi10120807
https://standards.buildingsmart.org/MVD/RELEASE/IFC4/ADD2_TC1/RV1_2/HTML/
https://standards.buildingsmart.org/MVD/RELEASE/IFC4/ADD2_TC1/RV1_2/HTML/
https://doi.org/10.1186/s40494-021-00640-y
https://doi.org/10.1016/j.autcon.2024.105283
https://doi.org/10.1016/j.autcon.2024.105283

	Introduction
	Background
	MVD_REB_22.001
	Prototype Implementation

	Conclusions

