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Abstract I

Abstract

Evaluating large models has proven that data quality is essential for coherent analysis.
This can be achieved by using open format specifications with clear definitions of
terms, concepts and information requirements. The target of this master’s thesis is to
translate written guidelines into machine-readable exchange requirements and to in-
vestigate different methodologies to assure data quality for further automatized data
evaluation. In this work, the internal Siemens Real Estate BIM guidelines and principles
are analyzed and the exchange requirements for two use cases have been outlined.
The extracted requirements have been firstly defined in an Excel table and mapped to
IFC. Next, the exchange information has been transferred into the BIMQ platform,
where software templates for properties and configuration files for Solibri ruleset
SOL/203 are exported and prepared for further check of information completeness. To
compare different workflows a Model View Definition (MVD) has been configured in
mvdXML1.1 format, using BIMQ and in mvdXML1.2 format, using IfcDoc. Additionally,
templates for other concepts such as Classification, Material Association, and Element
Decomposition have been configured for the specific use cases’ demand. A case study

model has been validated against the generated MVD.



Zusammenfassung [

Zusammenfassung

Datenqualitat ist essenziell fur eine koh&rente Analyse, wenn es sich um die Auswer-
tung gréRerer Modelle handelt. Dies kann durch die Verwendung von offenen For-
matspezifikationen, mit klaren Definitionen von Begriffen, Konzepten und Informati-
onsanforderungen, erreicht werden. Das Ziel dieser Masterarbeit ist schriftliche
Richtlinien in maschinenlesbare Austauschanforderungen zu Ubersetzen und ver-
schiedene Methoden zu untersuchen, um die Datenqualitat flr eine nachfolgende au-
tomatisierte Datenauswertung zu sichern. In dieser Arbeit werden die internen Sie-
mens Real Estate BIM Richtlinien und Prinzipien analysiert und die Austauschanfor-
derungen fur zwei Anwendungsfalle entwickelt. Die extrahierte Anforderungen wur-
den zunachst in einer Excel-Tabelle definiert und auf IFC Format abgebildet. An-
schlieBend wurden Austauschinformationen in die BIMQ-Plattform tbertragen, wo
Softwarevorlagen fur Eigenschaften und Konfigurationsdateien fur den Solibri-Regel-
satz SOL/203 zur weiteren Uberpriifung der Vollstandigkeit exportiert werden. Um
verschiedene Workflows zu vergleichen, wurde eine Model View Definition (MVD) im
mvdXML1.1 Format in BIMQ und im mvdXML1.2 Format mit Hilfe von IfcDoc konfigu-
riert. Zusatzlich wurden Vorlagen fur andere Konzepte wie Klassifikation, Materialzu-
ordnung und Element Zerlegung fuir die spezifischen Anwendungsfalle konfiguriert.

Ein Beispielmodell wurde gegen die generierte MVD validiert.
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1 Introduction

1.1 Motivation

The volume of the global construction output has reached a new peak in 2018 and is
expected to grow by 3-4% p.a., going up to 15.5 trillion worldwide in 2030 (Global
Construction Perspectives and Oxford Economics 2015). Yet, the construction sector
remains the second-lowest industry on the McKinsey Global Institute industry digitali-
zation index, with a total growth of averaged 1% over the past 20 years, meaning that
the construction market needs significant innovation (McKinsey Productivity Sciences
Center, Singapore 2016). However, the construction industry in Germany is facing a
challenge adopting the latest technological developments, such as Building Infor-
mation Modeling, despite its clear potential benefits (Bundesministerium fur Verkehr
und digitale Infrastruktur 2018). As stated in a study by Roland Berger, digital technol-
ogies, such as BIM, will have the strongest impact on business models and have the
potential to overcome the digitalization gap and increase the buildings’ efficiency and
quality (Roland Berger 2017).

Verifying buildings’ design quality and accuracy against guidelines and standards has
been of interest to governments and building owners, thus leading to great progress in
the area of code compliance checking. Although efforts on automating code compli-
ance have been continuing for more than 50 years, computerized methods for standard
compliance checking are yet not ubiquitous and conventional in the design process
(Robert Amor 11/15/2019). Nevertheless, construction guidelines and standard docu-
mentation are continuously being updated and vary from country to country. Although
the amount and quality of data required are high, the power of representation and how
data is structured is yet insufficiently developed. Acknowledging the broad spectrum of
benefits, that machine-readable codes come with — consistency in the set of terms and
clear definitions, as well as automated identification of possible deviations and anom-

alies, has led to further improvement in the topic of compliance checking.

Every year, Siemens Real Estate invests high amounts in the construction and expan-
sion of office and manufacturing locations worldwide. Along the design process, how-
ever, building owners are missing transparency on planner’'s decisions, as well as

knowledge about design alternatives and their impact on construction and operational
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costs. In addition, controlling model quality and comparing it to design standards, with-
out proper data specifications, is an iterative, time-consuming process with repetitive

manual intervention on the models (Figure 1-1).

RQLEJ\TIPTQESK’ mp PDynamo mwp Excel Ep W) Power Bl

Element Datanc? Processing EDynamic Data _=__,—-Eevit Model Report
View Data==

~17N _— . TNl ;
::é\;-*h Statistics EStat\c Data E:llent Report
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Sheet Data=#- - —>— Data Checks Element Ids Faited cnuuﬂ

Figure 1-1 Existing analytics workflow in Siemens Real Estate (Regimantas Ramanauskas 2018)

Evaluating large models has proven that data quality is essential for a cohesive and
comparable analysis. This can be achieved by using open specifications with clear
definitions of terms, concepts and information requirements. The motivation behind
this master’s thesis is the need for an IT-based methodology, that will allow stakehold-
ers, such as Siemens Real Estate, to carry out automated systematic value engineer-
ing and assure data quality for building models at early project phases. To address
these issues, this work aims to explore the possibilities that modern BIM tools give to
establish an automated methodology for generation, capturing, processing and evalu-
ating of data.

1.2 Scope

The scope of this work is to develop, implement and evaluate methods for increased
automation of digital data validation and thus assure information quality by translating
guantitative and qualitative data from BIM@SRE. Definitions of object types, such as
facade, windows, walls, doors and spaces, will be extracted from the BIM@SRE and
shall be outlined utilizing the overall IFC schema and further defined in a Model View
Definition (MVD) (Figure 1-2). Two approaches are thoroughly studied and compared
in terms of flexibility and applicability.

N
BIM@SRE  mp EIRs BN W = m
Domain specific- Determine Map information Develop schema
information to  required to IFC data model subset
be exchanged information

Figure 1-2 Pursued analytics workflow in Siemens Real Estate
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The focus lies on defining use cases from written BIM guidelines and transforming
them into digital form, thus allowing companies to assure data quality and compare
design and cost alternatives during project progress. The output of this work, in form
of documents and future standardization proposals, contains a general definition of
Siemens employer’s information requirements, generation of rulesets for property

checks, specification and validation of exchange requirements in mvdXML format.

1.3 Structure of work

The second chapter (Chapter 2) offers an overview of the internal Siemens Real Estate
BIM guidelines. The current workflow and practices have been examined and the rea-
sons for insufficient model quality have been outlined. Two BIM use cases for data

exchange have been defined and elaborated.

In Chapter 3 the technical background of the open exchange format Industry Founda-
tion Classes (IFC) and the IFC Shema is introduced, as well as the correlation between
IFC and the Model View Definitions (MVD). Additionally, the methodology of the IDM
and EIR’s, and their crucial role in the implementation of vendor-neutral processes, is
clarified. In conclusion, the importance of standardization through the IFC format for
the interoperability in the construction industry is elaborated.

The groundwork of this master’s thesis is explained in Chapter 4, where the motivation
and choice of the conceptual approaches are explained. Exchange requirements for
defined use cases have been defined in an Excel table and mapped to IFC. Next, the
information has been transferred into the BIMQ platform, where software templates for
property import and Solibri ruleset’s configuration files are exported for further check
of information completeness. Templates for other concepts such as Classification, Ma-
terial and Element Decomposition have been configured for the specific use cases’
demand. To compare different workflows a Model View Definition (MVD) has been
configured in mvdXML1.1 format in BIMQ and mvdXML1.2 format, using IfcDoc.

Chapter 5 shows the implementation and validation methods on a case study model,
from which and IFC has been exported and validated against Solibri checking rules,
mvdXML1.1 and mvdXML1.2. In conclusion, the limitations, dissimilarities und sugges-

tions for future work are discussed in Chapter 6.
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2 Introduction to Industry Foundation Classes, Information Deliv-
ery Manual and Model View Definition

2.1 Background

Efforts to improve data exchange between project participants date back to 1996s
when a group of stakeholders started examining the potential of making different ap-
plications work together (Autodesk Inc). Definitions of file formats for instances and
uniform information processing interfaces, together with the development of a standard
for the Exchange of Product model data (STEP), have been documented in the 1SO
10303 standard (Borrmann et al. 2018, p. 85). The earliest developed formats were
limited to exchanging primarily geometric data, but the rapidly developing industry at
that time demanded a more dynamic loss-free data exchange. As a result, the Interna-
tional Alliance for Interoperability (IAl), now known as buildingSMART International
(bSI), has been founded, to support information exchange based on non-proprietary
formats. The first version has been issued as the Industry Foundation Classes (IFC) —
a standardized, comprehensive data format for exchanging digital data in a vendor-
neutral way, thus making it an essential part of the Building Information Modeling meth-
odology (Borrmann et al. 2018, p. 12). Since its establishment as a vendor-neutral
standard, independent from ISO standardizations and available free of cost, IFC has
been implemented for import and export in numerous vendors’ products, with the most
common supported version IFC2x3, currently being replaced by IFC4 — ISO Standard
since 2013.

2.2 Industry Foundation Classes

Industry Foundation Classes (IFC) is a vendor-neutral format and a global standard
designed to describe, share and exchange design, construction and facility manage-
ment information (buildingSMART International 2019i). Based on the IFC4 standard
an international norm DIN EN ISO 16739 has been developed, containing terms, con-
cepts and data descriptive elements, derived from practical experience in different
fields of the building industry and facility management. The standard also defines a set
of data schemas, used to digitally specify building data, based on the EXPRESS lan-
guage (DIN EN ISO 16739).
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Figure 2-1 Data schema architecture with conceptual layers (buildingSMART International 2019e)

The IFC schema contains objects and property definitions, and relationships between
different entities. The structure of the IFC schema is both complex and extensible,
meaning it can be continuously added to, without affecting the existing core structure.
The data model is organized in layers, that containing classes, that can be referenced
by the layers above (Figure 2-1) (Borrmann et al. 2018, p. 90). The IFC4 Domain layer
consists of highly specialized classes, that only apply to particular domains such as
architecture, building control, HVAC systems and structural elements. The Interopera-
bility Layer represents an interoperability layer between the core of the data schema

(The Core Layer) and the domain-specific schemas (Domain Layer). Its classes derive
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from the Core Layer and can be used by different application schemes. The Core layer
contains classes, defining the basic structure, the key relationships and general con-
cepts, that can be further specified and reused. The Kernel schema consists of ab-
stracts classes, such as IfcRoot, IfcObject, IfcActor, IfcRelationship, etc., that also build
the three scheme extensions Product Extension, Process Extension and Control Ex-
tension. The lowest level is taken by the Resource Layer, which contains schemas,
that can be referenced by all other layers. Its classes cannot exist independently, since
they do not derive from IfcRoot, but can be referenced by objects that do derive from
a subclass of IfcRoot. Examples include Material Resource, Geometry resource, To-

pology Resource and others.

2.3 Information Delivery Manual

The Information Delivery Manual is another standard created by buildingSMART, that
proposes a methodology on how information is created and shared by participants.
Documented in the ISO 29481-1:2010 “Building information modeling - Information de-
livery manual - Part 1: Methodology and format” (buildingSMART International, BLIS
Consortium/Richard See 2012; DIN ISO 29481-1). IDM is specifically designed as a
methodology to meet the needs of all involved in a building project and to support the
process of information exchange. For example, planers or general contractors, need
to know which IFC components are essential for their needs, while solution providers
— software vendors, shall implement those features to meet the needs of the users.

Not part Defines processes executed by actors
Process Map :
of IFC in a project
— Exchange Not part Defines the range of data exchanged
Reguirements of IFC ina process

IFC implementations in
software tools
'_'l
'\:;j IFC Model View Definitions

i
.,
-

Actual range of data available for
exchange in practice

Defined range of data exchanges in
the IFC

il

IFC specification

T

Figure 2-2 Correlation between elements of the IDM methodology (Borrmann et al. 2018, p. 131)



Introduction to Industry Foundation Classes, Information Delivery Manual and Model View 18
Definition

IDM has been created to resolve collaboration issues in construction projects, by cap-
turing business processes and providing user-defined specifications on which data, at
what point and by whom is to be delivered. These exchange requirements also indicate
what data part of the sub-schema is needed to fulfill such an exchange (Chipman et
al. 2016). A Process Map describes the relationship between these requirements and
the business project process. Once expert’s knowledge and experience are collected
and structured in a human-readable document, they are converted into a machine-
readable technical solution, based on consistent and reusable sets of IFC concepts.
To import and export these exchange requirements, software providers require addi-
tional technical information in terms of IFC capabilities. The correlation between the

single components of the IDM methodology is shown in Figure 2-2.

2.4 Model View Definition

A Model View Definition defines a subset, or a “filtered” view, of the overall IFC
schema, and contains implementation agreements for objects, properties and relation-
ships, needed to depict exchange requirements in a BIM use case. MVDs vary in their
scale, depending on the particular purpose. For example, archiving a project can in-
volve the entire schema, whereas establishing micro workflows (cost evaluation or
space efficiency) between different actors in large companies, can be limited to outlin-
ing and defining a few object types and associated data. The wide spectrum of the
schema allows for the user to represent construction and building information in diverse
ways and details (buildingSMART International). MVDs are intended to narrow the
scope, deepening on the use case or the participant and allow a consistent and aligned
with the IFC schema data exchange. The defined MVD contains objects, representa-
tions, relationships and attributes and responsible actors, and can be referenced as
contract deliverables. However, the MVDs can only filter and describe the required
data that is to be included and cannot guarantee its correctness and consistency. The
data exported by applications can be validated against the requirements of an MVD by
generating an mvdXML.

MVDs can be used by software vendors to implement an IFC export and import support
to align with predefined exchange requirements and utilize the need of different stake-
holders to determine the scope and format of the data they need to exchange. Since
not all participants need the same information delivered and received, software tools

were intentionally developed to serve diverse functions. Considering that not every
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software has import and export functions, that support all entities in each domain, build-
INgSMART has created different MVDs that define what parts of the IFC schema are
implemented for diverse purposes.

BuildingSMART International has developed official Model View Definitions, based on
the IFC2x3 and IFC4 schema. The IFC4 Reference View 1.2 was created for the de-
sign coordination between architectural, structural and building services (MEP) do-
mains. The RV subset of the IFC schema suits workflows, where requests on data
exchange information are sent back to the source and handled by the authentic author.
Such workflows may include Coordination planning, Clash detection, Quantity take-off
and others. The RV enables information definitions with rich content of property infor-
mation and shape representations. Semantic model elements can be further special-
ized using its PredefinedType enumeration or a user-defined type. Additionally, the
concept Object Typing associates element occurrences with a correspondent element
type and allows for type occurrences to describe and share common model information
like geometric shape, property and material information. Other concept templates are
Software Identity, Project Units, Property sets and Quantity sets, Material association,

Element decomposition and other geometry related concepts.

The IFC 4 Design Transfer View includes more advanced geometric representations
to enable the transfer of information from one tool to another (buildingSMART Interna-
tional 2019K). The overall goal is to assure a workflow in which models are transferred
and further modified by the same software platforms and tools. The DTV focuses on
capturing and exchanging rich geometry preserving parameters for major building ele-

ments, together with design specifications for all building components.

2.4.1 Mvdxml

An mvdXML is a standardized format to define and exchange MVDs with exchange
requirements and validation rules (Chipman et al. 2016). The mvdXML format is a
structure, applied to the IFC data schema and represents an MVD and its associated
ERs. In general, an mvdXML format captures exchange definitions for import and ex-
port scenarios and can enable automated validation of IFC models against quality as-

surance and software certification requirements (Figure 2-3).
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Figure 2-3 MVD generation and validation (Baldwin 2017)

According to the user needs, data can be filtered to reduce information and provide
only required data for a specific software application (Baumgartel et al. 2016). The
main objective, that nowadays mvdXML is used for, is to automate the process of de-
fining machine-readable information requirements and replace error-prone manual ef-
forts, time-consuming and long-term unrealizable, due to the dynamical character of

specifications.
The mvdXML format is based on the definition of the following elements:

e ConceptRoots - outline the entities, containing information like attributes, geo-
metric shapes, dynamic property sets and other semantics, of the IFC schema
incorporated in the model view.

e ConceptTemplate - a reusable list, that captures concepts, applicable across
multiple ConceptRoots and consists of attributes and other entity definitions,
required to build a functional unit.

e Concept - refers to a ConceptTemplate and describes template rules for com-
mon subsets of information and specifies the particular constraint and usage for
each entity.

e ExchangeRequirements - describe how concepts are to be handled for each

entity and each exchange.

The structure of an mvdXML file starts with an instance of mvdXML that defines
two main sub-elements: Templates and Views. Templates is a list of reusable Con-
ceptTemplates, whereas Views represents a list of model view definitions, called
ModelView, that contains only the specific entities and associated concepts, that
define a particular exchange requirement (Chipman et al. 2016). Hereafter a sim-

plified overview of the main components of an mvdXML is presented (Figure 2-4).
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Figure 2-4 mvdXML elements for ConceptTemplate (Chipman et al. 2016)

ConceptTemplates contain elements such as:

o uuid: a universally unique identifier, used to reference the ConceptTemplate.
o applicableSchema, such as IFC2x3 or IFCA4.
o applicableEntity: root entity of the ConceptTemplate, deriving from IfcRoot.

e Definition: a human-readable description of the use of the ConceptTemplate.

<ConceptTemplate uuid="ccb45aa2-74el-46e8-8e35-ca5e5d7cc9dd" name="Ob-
ject Attributes" status="sample" applicableSchema="IFC4" applica-
bleEntity="IfcRoot">
<Definitions>
<Definition>
<Body>

</Body>
</Definition>
</Definitions>
Listing 2-1 ConceptTemplate elements in mvdXML, Example 1

e Sub Templates: an optional concept template, that extends the definition of the
main ConceptTemplate, allowing to group multiple ConceptTemplates under a

common criterion.
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<SubTemplates>
<ConceptTemplate uuid="cl9ecl86-9cfd-47fc-a4d4-9fb35008d04a"
name="0Object User Identity" status="sample" applicableSchema="IFC4" appli-
cableEntity="IfcObject">
<Definitions>
<Definition>
<Body> </Body>
</Definition>
</Definitions>

Listing 2-2 ConceptTemplate elements in mvdXML, Example 2

¢ Rules: a list of definitions of attributes or relationships of the root entity, building
a tree structure, that consists of AttributeRules, referring to EntityRules, refer-
ring to AttributeRules, and so on. Here of significant importance are the:
o AttributeName: the name of the attribute or the relationship.
o RulelD: allows to document a specific usage of the entity or validate its
value against ER’s in the ModelView section.
o Constraints: a set of constraints on the schema population, if used.

o EntityName: the name of the underlying type.

<Rules>
<AttributeRule RuleID="ObjectName" AttributeName="Name'>
<EntityRules>
<EntityRule EntityName="IfcLabel" />
</EntityRules>
</AttributeRule>
<AttributeRule RuleID="ObjectDescription" AttributeName="Description">
<EntityRules>
<EntityRule EntityName="IfcText" />
</EntityRules>
</AttributeRule>

Listing 2-3 ConceptTemplate elements in mvdXML, Example 3
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Figure 2-5 mvdXML elements for ModelView (Chipman et al. 2016)

The ModelView element describes how concept templates are to be used in a particu-

lar Model View Definition (Figure 2-5). Some of its elements are:

o uuid: a universally unique identifier of the Model View.
o applicableSchema: such as IFC2x3 or IFC4.

e Definition: a human-readable description of the purpose of generating the MVD
documentation.

e BaseView: a reference to another model view definition, that indicates if it is an
add-on view with defined restrictions or an extension of the model view.

e ExchangeRequirements: a list of exchange requirements, defining if and how
concept’ specifications are to be fulfilled for each ER.

e Roots: a list of ConceptRoot entities, defining concepts and their template rules,
applicable to each IFC.
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<ModelView uuid="leb5ae5b-d0c9-4al15-965d-d8a2110614ff" name="Siemens
SRE MVD" status="sample" applicableSchema="IFC4">
<Definitions>
<Definition>
<Body>
</Body>
</Definition>
</Definitions>
<BaseView>86aa67de-829b-467b-9cd8-dd364beabe79</BaseView>
<ExchangeRequirements>
<ExchangeRequirement uuid="42008c61-7b8f-4c3d-8aa2-7b99409dfbal"
name="BIM2Planon" status="sample" applicability="export" />
<ExchangeRequirement uuid="191d5e3b-08e7-47cf-afd6-d2ec%9a62d£f58"
name="Building Model Analyzer" status="sample" applicability="export" />
</ExchangeRequirements>
<Roots>

Listing 2-4 ModelView elements in mvdXML, Example 1

e A ConceptRoot references to a specific IFC entity, e.g. IfcSpace, as a model
element in an MVD and contains:

o Applicability: a list of TemplateRules, linked to an applicable ConceptTem-
plate. Here additional constraints can be defined, that need to be fulfilled
before concepts are validated. Listing 2-5 shows a defined constraint on
its PredefinedType =".EXTERNAL.’. how the element Courtyard, mapped
to the entity IfcSpace, is differentiated by setting

<ConceptRoot uuid="560634f9-63fl-4cle-abeb-fe80£22£778d4d"
name="Courtyard" status="sample" applicableRootEntity="IfcSpace">

<Applicability uuid="00000000-0000-0000-0000-000000000001"
status="sample">

<Template ref="00000000-0000-0000-0001-000000000001" />
<TemplateRules operator="and">
<TemplateRule Parameters="PredefinedType[Value]='EXTERNAL'
AND T PredefinedType[Value]='EXTERNAL'" />
</TemplateRules>
</Applicability>

Listing 2-5 ModelView elements in mvdXML, Example 2
o Concepts: a set of concepts, which describe template rules for subsets of
information, within the context of the particular concept root (Chipman et
al. 2016).
o Template: provides a reference to a ConceptTemplate, where the pa-
rameters, further defined as part of this concept, are contained.

o Requirements: define how a concept is to be handled for each ex-
change
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<Concepts>
<Concept uuid="93£f242f3-2daf-4d4b-9dc7-£8c0ecc743c8"
name="Classification" status="sample" override="false">
<Template ref="4a224609-6578-4c75-afcf-8affa86e5ef2" />
<Requirements>
<Requirement applicability="export" requirement="mandatory"
exchangeRequirement="7fab58cb-4655-489a-862d-85e26a3096b2" />
<Requirement applicability="export" requirement="mandatory"
exchangeRequirement="cfa72802-9d70-407c-9616-56£5b53£8708" />
</Requirements>

Listing 2-6 ModelView elements in mvdXML, Example 3

o TemplateRules: a tree of TemplateRule, following a Boolean logic be-
tween individual template rules. The outermost TemplateRules element
hast to be validated as true, to pass the validation. Listing 2-7 shows
defined constraints for value existence and value syntax for different
parameters.

<TemplateRules operator="and">
<TemplateRule xsi:type="TemplateItem"
Parameters="ClassificationName [Value]='CAFM'">
<References />
</TemplateRule>
<TemplateRule xsi:type="TemplateItem"
Parameters="ClassificationName[Value]='Uniclass'">
<References />
</TemplateRule>
<TemplateRule xsi:type="TemplateItem"
Parameters="Name [Exists]=TRUE" >
<References />
</TemplateRule>
<TemplateRule xsi:type="TemplateItem"
Parameters="Identification[Exists]=TRUE">
<References />
</TemplateRule>
</TemplateRules>

Listing 2-7 ModelView elements in mvdXML, Example 4
The rule-based syntax of the mvdXML format allows further specification of Templat-

eRule.Parameters and Constraint.Expression. The parser rules describe metric values

and operators and how they apply to different data types:

e Value: specifies the value of the attribute.

e Size: specifies the size of a collection.

e Type: specifies the type of the value assigned to the attribute.

e Unique: indicates whether a value is unique within the population of instances
in the XML file

e Exists: indicates if an attribute or an entity exists in the XML file

The main scope of the first published release of mvdXML1.0 in 2013 has been to define

concepts and concept tables, include entities and attributes, generate MVD
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documentation and support the development of MVD specific IFC subset schemas.
The focus of the next update - mvdXML1.1, has shifted from exclusively generating
MVD documentation to creating mvdXML files with the purpose of IFC data validation
against MVDs (buildingSMART International 2019l). A grammar for configuration rules
has been introduced, including simplified parsing of complex expressions and descrip-
tions for metric values (Chipman et al. 2016). The free combination of logical operators,
the implementation of partial templates and further filter criteria, has allowed more flex-
ibility and readability (Matthias Weise 2019).

Mvdxml files can be created by using text or XML editors. However, manually defining
the parts of a subschema requires deep knowledge of the IFC schema and XSD format
structure. BuildingSMART provides an application, IfcDoc, to generate mvdXML based
on simplified ifcXML editing.

2.5 BuildingSMART Data dictionary (bsDD) and BIM Collaboration Format
(BCF)

In addition to the IFC schema and the Model View Definition methodology, bSl is also
developing other data standards to support data exchange in construction project pro-
cesses, based on open formats. To ease the information management bSI created a
database, BuildingSMART Data dictionary (bsDD), that incorporates standardized
property set definitions, available in different languages. bsDD is used for extending
the IFC model, by directly referencing properties and product information in external
data structures (buildingSMART International 2019a). The process of defining classifi-
cation systems on an international level and linking its terms to bsDD is based on the
IFD standard (ISO 12006 part 111) (buildingSMART International 2019b). An advantage
of such a central repository for property sets is the possibility to directly link manufac-
turer information, building codes, etc. to model elements. bsDD provides several re-
gional or use-case specific classifications, properties and property sets. However, ad-
ditional user-specific properties need to be defined separately and made part of the
ERs. Organizing this amount of diverse specifications in a uniform and consistent struc-
ture and providing an automated method of handling it, is a challenge that the field of

Semantic Web and Linked data is currently working on.

The BIM Collaboration Format (BCF) was developed as a data format and web-based
service, to communicate project issues, such as element collisions, or modeling prob-

lems, between actors. Although the standard support of BCF is not yet officially certified
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(Borrmann et al. 2018), many commercial software tools have already implemented
BCF in their workflow.

2.6 Literature review and recent work

2.6.1 MVD development

Depending on the use and the purpose of creation, MVDs can vary in the methodology
of creation and comprehensiveness. In following the recent work of MVD developers

is summarised and valuable conclusions for the further scope of this work are outlined.

Solihin et al. (2015) developed a methodology to estimate data quality of IFC data in
terms of conformance with a set of agreed standards. The research also includes sug-
gestions for rules to estimate data completeness and correctness. According to Lee et
al. (2016), there has been a need for a standardized method to link exchange require-
ments to information elements in MVD, therefore a new approach of formalizing do-

main knowledge and a method to include ontologies to create an MVD was suggested.

Zhang et al. (2013) present an overview of MVD generation methods. Next to the
mvdXML format, the functionalities and differences of methods such as xPPM (eX-
tended Process to Product Modeling), GMSD (Generalized Model Subset Definition)
and Semantic Exchange Module (SEM) were elaborated. Zhang and Beetz (2014) im-
plemented a mvdXMLChecker prototype to parse MVD based on mvdXML and check
IFC models. It has been stated that most of the existing model view concepts can limit
the scope of the IFC schema to subsets, but since similar rules can be represented in
multiple ways, the mvdXML structure is not strict enough to validate models. In con-
clusion, it has been stated that logic theory-based methods, such as ontology and se-
mantic web technologies, can be used to formalize the model view concepts (Zhang et
al. 2015). Jiang et al. (2019) researched the code checking possibilities for green con-
structions. Based on the level of difficulty to meet the requirements of green construc-
tion clauses, they can be classified into four types. Approaches based on mvdXML or
semantic technology were adopted for the appropriate inspection of each type. Fur-
thermore, validation of models can be extended by reducing the information that is
from importance and creating a new partial building information model. This method of
MVD based filtering, presented by Baumgartel et al. (2016), is based on converting
mvdXML files into ifcQL commands. Studies on different types of filtering data (schema

level, class level or object level) have been conducted by Windisch et al. (2012).
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Independently from technological approaches and researches, a number of IFC-
based BIM standards have been developed on a national, company- or project-spe-
cific level (Rijksgebouwendienst 2012; STATSBYGG 2019). Based on these agree-
ments efforts have been made to define exchange requirements, that fulfill a specific
context (STATSBYGG). Praxis-related examples of rule interpretation processes and
MVD development have been conducted by groups in various fields of work, such as
automated code-checking procedures for conformance with local building regulations
and laws (Zhang et al. 2015), bridge inspection systems (Sacks et al. 2018), environ-
mental and energy performance assessment (Pinheiro et al. 2015) and checking fire-
safety and pedestrian simulation requirements (Sina Pfuhl October 2018b; Jimmy
Abualdenien et al. 2019).

2.6.2 IDM implementation

Efforts have been made to unify common use-cases and build exchange requirements
templates. An initiative of the IDM Configurator Group of bSI aims to create an
IDM/MVD functional tool, that allows users to directly generate IDM and MVD, based
on a structural framework. The goals of the group are to develop an international stand-
ard for exchanging IDM and MVD data and to provide software developers,
IDM/MVD/BEP developers and other stakeholders with a guideline on how to develop
and share their outcomes. The demand-driven creation of such a tool can allow a
seamless development of Process maps, exchange requirements, and MVDs from
employer’s information requirements, as well as the development of IDM/MVD by re-

using and modifying existing IDMs/MVDs.

buildingSMART Switzerland has conducted efforts into enabling a global collection of
existing use cases and the creation of new ones by the roll-out of a Use Case Man-
agement tool, developed by (Richard Kelly 2019). The tool aims to ease and speed up
the process of defining project-specific use cases and their further implementation into
exchange requirements. There are multiple levels in defining use cases and data ex-
change, which makes the environment for exchange requirements very dynamic and
contrasting in different sectors and countries. An innovative approach, developed by
J. Abualdenien and A. Borrmann (2019), presents a multi-LOD meta-model and intro-
duces the concept of Building Development Level (BDL), that comprises components

with diverse Levels of Development, required for a specific design stage.



Introduction to Industry Foundation Classes, Information Delivery Manual and Model View 29
Definition

The first steps have been also made in specifying minimum information requirements
on a national level. The Federation of the German Construction Industry has presented
a technical position paper "BIM in building construction” for the standardization of fu-
ture construction processes (Die Deutsche Bauindustrie 2019). In addition to defining
BIM use cases, data exchange scenarios and guidelines on model quality insurance,
the document also derives recommendations for exchange information requirements
and minimum semantic information requirements on model elements. Nonetheless,
no correlation or mapping to open data formats have been provided, thus presenting
the risk of requirements being defined differently and redundantly by each stakeholder.
The growing demand to implement the IDM methodology has also been recognized by
BIM locket, who together with buildingSMART Benelux has developed a publicly avail-
able BIM basic IDM in more than 14 languages (BIM Loket 2019). The document is
aligned with the IFC schema and outlines minimum information requirements consist-

ing of correct naming and suggestions on how model and capturing semantic data.

2.7 Interoperability through open standards

The foundation of data interoperability and data exchange has been formed by the
Industry Foundation Classes. IFC plays a vital part in the digitalization backbone to-
wards an integrated digital process workflow in the construction branch. The need and
importance of open standards for the AEC industry have been acknowledged since the
establishment of BIM as an innovative planning method in the construction industry.
One of the important features of Building Information Modeling is ensuring the model’s
semantic richness, of information such as quantity, cost and time and assure an error-
free exchange of this data between software products and stakeholders. Richard Kelly,
the operations director at buildingSMART International, points out that companies are
effectively analyzing only 1% of their data, the other 99%, called dark data, is collected
and stored but not used in any way (Richard Kelly 2019). Since construction projects’
complexity is constantly developing, sufficient information exchange between stake-
holders is crucial for the interoperability in the sector. Digital ways of supporting the
process of exchanging information in projects are provided in the ISO standard 19650.
The standard talks about how information should be specified, delivered and con-

trolled.
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For better
decision

Figure 2-6 Representation of the digital environment in 3 dimensions (Richard Kelly 2019)

Open Standards have an impact also on project decision making in the field of real
estate. The digital environment can be represented in 3 dimensions, as visualized in
Figure 2-6. The implementation of openBIM standards aims to link the project’s scope,
different participants on the supply chain and asset’s lifestyle through a consistent data
environment and allow an infallible information exchange flow for better decision-mak-

ing regarding cost, performance and risk to be taken.
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3 Building Information Modeling in Siemens BIM@SRE

3.1 Scope of BIM@SRE Guideline

Siemens Real Estate has embraced the need for digitalization in the construction sec-
tor by implementing BIM methodology for the whole lifecycle of new buildings.
BIM@SRE was created as a project independent guideline that defines the use of BIM
in real estate projects. The guideline describes a number of technical, methodical and
information-based requirements, incorporated in four chapters — General Conditions,

BIM Use Cases, Modeling Standard and Data Management (Figure 3-1)

Figure 3-1 Overview of documents and technical project standards (Siemens AG Real Estate 2017)

The first chapter gives detailed information on the general BIM Process and an overall
Process Map, defines data drops for each of the project phases - planning, construc-
tion and operation, and specifies responsibilities and tasks for each BIM role. Chapter
A.4 refers to the BIM documents and technical project standard, that explain the re-
guirements of Siemens Real Estate rentable space standards, as well as technical
requirements which must be met, as part of a contract. Additional project documenta-

tion includes project-specific guidelines — along with the creation of tree BIM Execution
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Plans in each project phase, as well as technical standards for Classification and Data

exchange.

3.2 Use cases

Chapter two of the guideline lists the possible BIM Use Cases applied in SRE projects,
including their implementation and contractor deliverables. Described use cases sum
up to 14, including various topics such as KPI’s; Hard and Soft clashes; Bill-of-quanti-
ties; Collaboration, Coordination and Communication. Must-have input for each use
case includes the documentation of the Facility Service and Facility-relate building
functional elements (if relevant for the use case), so as documentation of component
specifications in Room and Equipment schedules (Siemens AG Real Estate 2017).
The definition of a functional element is not specified, but its use in the guideline, sug-
gests, that it includes building elements with physical representation (walls, windows,

etc.), as well as more abstract concepts like spaces, floors and zones.

3.3 Modeling standard

The Modeling Guidelines contain requirements for the model structures, classification
and information standards and defines the levels of detail and level of information for
BIM models. For this master’s thesis the architectural model definition’s content in
BIM@SRE has been outlined below (Figure 3-2).

Model designation

3D models Model content
e.g. streets and walkways, parking spaces,

Site model X :
veqgetation, terrain

Room model Basic interior construction, modular interior design, )
Equipment (furniture roof, fagade e.g. non-load-bearing walls, suspended | Architecture
machines, etc.) ' ceilings, windows, doors, facade, stairs, rooms,
Architectural model permanently installed furnishings
Supporting structure Structural work, e.g. foundations, floors, pillars, load- Supporting structure
model bearing walls, breakthrough openings

. e.g. circular main, riser, stationery heating surfaces,
Heating system model reheater

e.g. circular main, nser, functional element

Refngeration system activation, sealing radiant cooling panels, air-

model . :

conditioning equipment
Room air ventilation Wentilation ducts and elements (e.g. fire dampers, Building services
model volume flow controllers, reheaters) 9

e.g. wastewater/freshwater, rainwater/ greasy
wastewater (piping), facilities

e.g. hornizontal and vertical cable channels,
luminaires, manholes, distnbution panels,
transformer.

Plumbing model

Electrical installation
model

Figure 3-2 Content information of 3D models according to BIM@SRE (Siemens AG Real Estate 2017)
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3.3.1 Model building tool

To prevent quality inconsistencies all model elements must be created using element-
specific software tools, for example, walls are created using a wall tool and not a slab
tool. Elements that lack a specific creation tool or functional elements with complex
geometries, shall be assigned to the most similar element category or using the ‘Gen-
eral Model' category. Moreover, all modeled elements should be structured based on
building levels, so that data can be extracted floor by floor. These modeling techniques

are from essential importance for immaculate quantity take-off and classification.

As per market studies conducted upon the creation of the guideline, Autodesk Revit
was the most commonly used application worldwide (Siemens AG Real Estate 2017,
p. 4). Products from the Autodesk suite were already being used by several Siemens
divisions, which has led to the decisions that currently deliverables must be submitted
in .rvt format. The Closed BIM method is applied as the mandatory method for all de-
liverables to assure that the operator’s need can be accounted for appropriately. All
models must be created using the Autodesk Revit software, except for service provid-
ers (General Design and General Constructor) internal processes and coordination
with additional third-party planners. Discipline-specific plans with exclusively geometric
relevance for the implementation of the BIM@SRE standards may also be created
using non-Autodesk Revit software. However, it must be ensured that they can be in-

cluded in the model quality assurance process (Siemens AG Real Estate 2017).

3.3.2 Rooms, floors and zones

Specifications of rooms, floors and zones are of great importance for real estate pro-
jects. When modeling rooms, the following minimum requirements must be met (Sie-
mens AG Real Estate 2017, p. 60):

¢ A model should not contain any open volumes or overlaps, meaning that all
rooms, shaft sections and even rooms without a limiting element placed on each
side, such as courtyards or terraces, must be created floor-based as 3D rooms.

¢ Room naming is to be assigned consistently and must conform to the function
and information linked to the specified room.

e Room classification must conform to the SRE room categories. For example,

circulation zones in open office areas can be classified separately and
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accounted for individually in evaluations, depending on their usage (escape
routes, open office common area or other traffic areas).

e Interior finishing elements for basic and modular interior completion, such as
Think Tanks, individual offices, Phone boxes, etc. must likewise be defined as
rooms. If there are several different types of flooring planned in a single space,
space should be divided accordingly into several individual “rooms” (e.g. using
room separation lines).

e Further specification includes the definition of level references, such as floor

levels, foundation, intermediate, installation and roof levels.

3.3.3 Level of Development

The Building Information Modeling process at Siemens Real Estate relies on the con-
cept of Level of Detail (LOD) and Level of Information (LOI), to achieve consistency
and gradual development of details and attributes throughout the functional element
descriptions. For the building elements included in the scope of this work the following
minimum requirements regarding the Level of Development have been derived by the
BIM@SRE guideline:

LoD of modelling

Level of Detail
LoD/Lol 100 Project development Data Drops 1+2 Rendering with sufficiently accurate
Preliminary draft plan outside dimensions
_LoD."LoI 200 g‘;ﬁwj é!c?ﬂieps:a%it Data Drop 3 Rendering with true dimensions )
LoD/Lol 300 Construction plan Data Drop 4 Renderl_ng with :actual_ structural
composition and details
- - Submission of all details and
LoDiLol 400 Installation planning Data Drop 4 formation for installation
LoD/Lol 500 ggzstr;u::gﬂ on Data Drops 5-7 Update according to as-built status

Figure 3-3 Level of Detail of modeling according to BIM@SRE (Siemens AG Real Estate 2017)

Level of Information (Lol)

According to the Lol, different requirements on functional elements are specified. With
the development of the project, the level of required information per object increases
progressively, including alphanumerical data and/or supplementary documentation.
The following requirements on the level of information, for the early project develop-
ment (Figure 3-3), have been outlined (Siemens AG Real Estate 2017, p. 62):
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e Lol 100: Information, required to extract key values for preliminary draft planning
is available. For instance, spaces must include room information, such as room

types.
e Lol 200 (builds upon Lol 100): Classifications and information needed for the

building permit and the completion of the first design phase are incorporated.
Functional elements must include product information, materials and mainte-

nance and/or inspection information for the operation phase

All functional elements must be enriched with additional information for classification.
For each project, a matrix, based on these specifications, is to be created, providing
parameter name and data type. The key information here is that parameters must be
created as Shared Parameters and the associated text file must be included in the
deliverables (Siemens AG Real Estate 2017, p. 63).

Parameters for functional element classification

Parameter name Requirement | Data type

Room main category mgmb:;tgggr;ame of the room Text 1. Office
Room subcategory SNL:;-: :?E;i':g name of the room Text 1.3 Meeting Zone

Figure 3-4 Classification of spaces according to BIM@SRE (Siemens AG Real Estate 2017)

Parameters for functional element classification

Parameter name Requirement Data type Example

UniClass2015Code
{Omniclass if applicable)
UniClass2015Title

{Omniclass if applicable)

Classification number Text Pr_ 40 30 25 42

- - Interactive
Classification name Text whiteboards

Figure 3-5 Classification parameters (Siemens AG Real Estate 2017)

All rooms (including shafts and all other technical spaces) must be classified according
to the SRE main and sub-room category, to allow consistent comparison of the rental
percentage of spaces worldwide (Figure 3-4). For all other functional elements, the
required classification system is Uniclass2015 or another suitable local taxonomy sys-
tem. Both parameters for the classification name and number must be populated (Fig-
ure 3-5).

Level of Detail (LoD)

The Level of Detail (LoD) provides information about the required geometric modeling
accuracy of functional elements for each project phase. For achieving the goals of the
elaborated use cases the main requirements on building elements focus on delivering
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consistent and semantically enriched models, therefore the level of geometrical ma-

turity would not be further discussed.

3.4 Data Management

The Data Management section provides guidelines on how data is collected, managed,
distributed and stored between project participants. Technical requirements are pro-
vided to facilitate the collaboration environment, as well as data creation and pro-
cessing. Along with region-specific definitions for classification, a data submission plan
and descriptions of additional databases if applicable, the chapter also specifies the
responsibilities for information exchange and describes the used software applications:

e Model building tools - Unless provided otherwise, Autodesk Revit is the model
building tool to be used throughout the project. If stakeholders cannot provide a
vt software format file, the software used to create the affected models should
enable efficient exports of IFC2x3 TC1.

¢ Classification tool — Classification requirements shall be ensured by filling in the
required functional element attributes. Classification may be performed using
add-in tools (Autodesk Revit add-ins).

e Information transfer tools — additionally to classification, information is to be
transported from the model to the operator platform (e.g. Planon) in Cobie XML

format.

3.5 Challenges and current practice

The Building Information Modeling process has been established to use digital ways
of work to ease collaboration and time management issues in construction projects.
Nevertheless, vaguely specified information in guidelines can be wrongly interpreted
by project participants, which will lead to cost and time overrun. To ensure consistency
and data quality, stakeholders must define standards, that is understandable, specific
and usable. A machine-readable guideline can ensure that standards are continuously
implemented, and long-form content tasks are divided into smaller work packages for
specific parties. BIM@SRE’s goals and objectives include (Siemens AG Real Estate
2017, p. 5):

e Consistent implementation of the BIM@SRE standards through our project’s
lifecycle and proper application of project-specific use cases and their require-

ments.
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All software applications, formats and interfaces, used to implement the
BIM@SRE standards, shall be internationally recognized and well-established
in the relevant markets.

Error-free use of all geometric and alphanumeric data, captured during the plan-
ning and construction phases, shall be ensured during operation. Mapping and
archiving geometric and alphanumeric data across the entire lifecycle must be
possible, without requiring major maintenance efforts. In the event of a remod-
eling of the building, all documentation must be accessible and reusable at all

times.

To encounter these challenging aims the following suggestions shall be considered:

To assure worldwide recognition, the choice of exchange formats shall primarily
consist of open formats. As the IFC format has been continuously developed
and improved, the number of software solutions providing IFC compliant inter-
faces has increased. As part of the ISO standardization, the IFC format has
become one of the most widely implemented international standard schemas
(buildingSMART International, BLIS Consortium/Richard See 2012).

To keep data cohesive, one must preferably not divide geometrical from alpha-
numerical data in the process of modeling. Nevertheless, relying on different
propriety formats to exchange information prompts for losing data in the process
of work. The IFC schema allows simultaneous representation and storage of
geometrical data, enriched with semantic information. However, when remodel-
ing during the operable phase, is necessary, other open formats may serve for
collaboration means. The non-proprietary data format COBie focuses on deliv-
ering asset data separately form geometric information (Dr Stephen Hamil 2018;
Borrmann et al. 2018). It enables information to be extracted from a native BIM
model or an IFC file, placed into a standard COBie schema and transferred into
a facility management application tool. Still, there are some limitations, such as
the demand for consistent information update from a spreadsheet-based deliv-
erable into the IFC file. (Yalcinkaya and Singh 2019). Although COBie delivera-
bles are part of the BIM@SRE requirements, a direct import of spreadsheets
into the FM tool Planon is not possible without extensive additional manipulation
of the data.
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e Since the requirements, provided in the guideline, does not include specifica-
tions for particular building objects and their properties, further concretizing will

allow a better semantic information enrichment of the models in the future.
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4 Methodology

4.1 Use Cases

The definition of quality is multidimensional and based on subjective factors, such as
“fit for the purpose”, “free from defects” or even “pleasing to look at” (Tony Cunningham
2013). In terms of BIM data models, quality can be defined as conformance with project
standards, that specify information structure and modeling guidelines (Borrmann et al.
2018).

IDM — ER —
Use Case User Information
BIM2Planon Requirements Delivery Exchange
Manual Requirements IFC
MyD=
IDM — ER —
Use Case User Information BEEGEE
BMA Requirements Delivery Re uire?nents
Manual q

Model
Figure 4-1 Methodology of work

View
Definition

The requirements, outlined upon a detailed study of the Siemens BIM guideline, in-
clude primarily qualitative information for objects’ existence and correctness of prop-
erty values. Given that the BIM@SRE document has more of a guideline character,
rather than a regulatory one, there are almost no quantitative requirements or specific
value boundaries. For this work and as per the stakeholders needs the following two
limitations have been met: (1) developed specifications focus primarily on semantic
information of architectural model elements; (2) some steps, part of the IDM approach,
such as identifying processes and actors, and defining exact data drops, have not been
considered since they have been elaborated in detail in the BIM@SRE guideline.

Based on the needs and interests of Siemens Real Estate and its role as a building
owner and investor, further, two use cases: BIM2Planon and Building Model Analytics,
have been described (Figure 4-1). Both root from already existing use cases, however,
their focus lies strongly on outlining specific exchange requirements and defining de-

liverables in terms of objects, properties and other concepts.
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4.1.1 Building Model Analyzer (BMA)

Nowadays building owners face various challenges in construction projects like low
budgets along with constantly increasing prices, late cost certainty and inconsistency
in model quality during the planning phase. This results in resource and time overrun,
as well as inefficient buildings and late value engineering measures. While construction
costs can be influenced efficiently in the early stages of design and tender preparation,
value engineering measures and evaluation of technical solutions is performed later,
when the design has been finalized. Although the cost of each building is related to the
individual design and geometry, benchmarking against similar national and internal
projects shows that some of the biggest element groups like walls, facade, windows
and doors are also key cost influencers (Christian Schittlich 2012; BKI 2019). Addition-
ally, securing building performance strongly relies on defining and optimizing space
efficiency. Implementing the BMA use case in a project shall assure high model quality
for early cost and design evaluations and thus provide technical alternatives. There-
fore, when implementing this use case in the MVD, the focus lies on defining require-
ments for building elements to allow automated IFC-based extraction and analysis of

space efficiency data and fagade cost simulation.

4.1.2 BIM2Planon

Planon is a facility management software, used to streamline assets throughout the
building life cycle. The objective of the BIM2Planon use case is to assure, that facility
service and facility-related building functional elements are considered and docu-
mented. The needs of facility management in the early design project phase are pri-
marily focused on space definitions and room book attributes, that will have a strong
impact on operating expenses, once the building is in use. Data requirements for this
use case include identification information, classification, geometrical and other se-

mantic data about rooms.

4.2 Investigated concepts

The following concepts have been agreed upon, as main investigated components of
the developed Model View Definition. The choice of concepts was primarily based on
the BIM@SRE content, however, to meet the goals of the newly outlined use cases,

the scope of work was extended.
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4.2.1 Classification

As per chapter Data Management, part of the BIM@SRE guideline, the required clas-
sification standard for each project is to be chosen between Uniclass2015, for coun-
tries such as Germany, and OmniClass e.g. for the USA. Additionally, rooms shall be
classified in 21 room and sub-room categories, based on which rentable and non-rent-
able space is calculated. When defining the exchange requirements, later on, the need
for an additional region-specific certification systematic for Germany arises. CAFM-
Connect has developed a classification catalog, conformed with the German construc-
tion market, consisting of room usage types, according to DIN 277-2 (2005) and com-

ponent types classified as per DIN 276+ and mapped to IFC (CAFM-Connect).

4.2.2 Material Association

BIM@SRE does not contain specific requirements for values regarding material prop-
erties. As stated in the previous chapter, all elements must have material information,
when Lol 200 is reached (Siemens AG Real Estate 2017). Material assignments are
also required as a deliverable in the last data drop when the “as-built” 3D model is
handed over to the building owner Siemens for use in the operational phase (Siemens
AG Real Estate 2017)(Siemens AG Real Estate 2017). For this work materials, as one
of the cost-driving elements in the Criteria Definition Phase, must be included in the

MVD as a checkable concept of each building element.

4.2.3 Element Decomposition

The decomposition of elements is not a concept that has been elaborated upon in the
BIM@SRE guidelines since it is mainly supported by the IFC schema. However, it has
been included to allow a more cohesive representation and accurate validation of the

data model.

4.2.4 Properties and Quantities

Requirements on properties and quantities can be found under various notations, in-
cluding COBie “Type” Parameters, COBie “Component” Parameters, Cost KPI's or
Building KPI’s, according to their use case allocation. The provided information was
filtered, grouped and assigned via the object-based approach to each building element.
The choice of categorization criteria was driven by the goal of implementing a unified

standardization methodology, based on open format terms and definitions, instead of
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fragmenting similar or identical properties in various local-based or project-specific

groups.

4.3 Employer's Information Requirements (EIRS)

One of the main challenges when creating EIR’s, has been outlining cost-relevant and
facility management relevant information for different objects and converting it into a
machine-readable format, that will improve representation, data filtration and auto-
mated evaluation. Recent studies (Jimmy Abualdenien et al. 2019; Sina Pfuhl Octo-
ber/2018a) and industry’s project examples (BLIS Project; STATSBYGG; BLIS Con-
sortium - Digital Alchemy 2019) were examined, compared and used as a baseline for
the EIR’s and MVD development. MVD specifications in form of mvdXML format, HTML
documentation or PDFs are openly available in an MVD Database, provided by bSlI
(buildingSMART International 2019Kk).

In the early stages of design, when building elements are not specified in detail, deci-
sions, taken by stakeholders are mainly based on their experience and not on data
validation and optimization procedures. Deriving such semantic information is a com-
plex workflow, that requires iterative discussions with discipline experts. Specifying the
LoD of objects for each project phase has been another challenge, that brings uncer-

tainty when determining exchange requirements.

Based on the aforementioned research topics and examples, the information require-
ments provided in BIM@SRE have been first extended and organized in a structured
way (Excel file), to later be evaluated and incorporated in the MVD. Afterward, addi-
tional steps for technical implementation have been performed. Each of the identified
exchange requirements was mapped to a suitable IFC4 schema entity. The domain-

specific requirements are structured by Objects (type) e.g. IfcWall and include:

e General identification information: Name, Description, etc. (no check ).

e Predefined Types: Additional specification on some Objects (check in the Ap-
plicability element ).

e Property-sets with ‘Pset_’ prefix: Properties and Property sets part of the IFC
base schema - AcousticRating, FireRating, ISExternal, etc. (existence check
and value data type and value check if specified).

e User-defined Property with the ‘SRE_’ prefix: Additional requirements not cov-
ered by the IFC Standard.
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e Quantities — Requirements on Obiject (type) IfcSpace.

Furthermore, data types and enumeration values from the IFC data schema were
mapped to object and property definitions. Additional property sets were created as
extensions on the base schema in the case that the IFC data format does not provide
definitions like specific manufacturer information or others. During the process of work,
results were summarized in a spreadsheet, available in the appendix. Table 4-1 pre-
sents a summary of the investigated property set and quantity set definitions, including
properties and data types, assigned to IFC entities. The checkmark in the correspond-
ing row indicates, that the property and the respective property set were assigned to

this entity definition.

Table 4-1 Definitions of property sets and quantity sets, assigned to IFC entities

Property sets/Quantity sets and associated IFC entities
IfcSpace X XX | X[ X]|X]|X
Ifcwall X X X
IfcCurtain- | X
Wall
IfcPlate X X X
IfcMember X X
IfcWindow | X | X X X
Property and data type | IfcDoor X X
wlo|lw|lo|" ||| |D|D|D|D|D|D|D|D
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IsExternal
(IfcBoolean) X | X X
LoadBearing
(IfcBoolean) X
AcousticRating
(IfcLabel) X X | X
Fire Rating
(IfcLabel) X | X[ X | X]|X
ThermalTransmittance
(IifcThermalTransmit- X | X | X | X
tanceMeasure)
Compartmentation
(IfcBoolean) X
Glazing Area Fraction
(IfcPositiveRati- X | X
oMeasure)
HasDrive
(IfcBoolean) X | X
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SecurityRating
(IfcLabel)

ModelReference
(IfcLabel)

Manufacturer
(IfcLabel)

ModelLabel
(IfcLabel)

Reference
Subspace cat.
(Ifcldentifier)

CeilingCovering
(IfcLabel)

WallCovering
(IfcLabel)

FloorCovering
(IfcLabel)

FireExit
(IfcBoolean)

SpaceHumidityMax
(IfcRatioMeasure)

SpaceHumidityMax
(IfcRatioMeasure)

SpaceTemperatureMax
(IfcThermodynamicTem-
peratureMeasure)

SpaceTemperatureMin
(IfcThermodynamicTem-
peratureMeasure)

NaturalVentilation
(IfcBoolean)

NaturalVentilationRate
(IfcReal)

MechanicalVentilation-
Rate
(IfcReal)

OccupancyNumberPeak
(IfcCount)

llluminance
(Ifcllluminance)

FinishCeilingHeight
(IfcPositiveRati-
oMeasure)

FinishFloorHeight
(IfcPositiveRati-
oMeasure)

Orientation
(IfcLabel)

WallAreaDensity
(IfcAreaDensi-
tyMeasure)

HumidityProtection
(IfcBoolean)

NumberPlankings
(IfcCount)

PlankingDensity
(IfcLabel)

PlankingType
(IfcLabel)

StandAxisDistance
(IfcNonNegativeLength-
Measure)
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SubstructureType
(IfcNonNegativeLength- X
Measure)

AttackResistancy
(IfcLabel) X

BlastResistancy
(IfcLabel) X

BulletResistancy
(IfcLabel) X

GlazingType
(IfcLabel) X

SafetyCatcherDesign
(IfcLabel) X

SpacersDesign
(IfcLabel) X

SunShadingDesign
(IfcLabel) X

Currently, model element tables are the basis for defining the required information and
LOD for each project stage or milestone. The growing complexity and size of the pro-
jects make the maintaining of these spreadsheets time and resource consuming. More-
over, the way information is being represented in these tables, in the form of row and
columns, is not compatible with modeling software and model checking software. Thus,
restricting project owners and other actors to manually extract information from spread-
sheets and PDFs to perform their given task. Proper tools, such as BIMQ (AEC3 2019)
and properBIM (BIMtech), can speed up the process and minimize the effort by provid-

ing web-based BIM solutions.

4.4 Conceptual approach through IfcDoc

The Model Support Group of BuildingSMART has developed the IFC Documentation
Generator to support the generation of Model View Definitions in mvdXML format. The
software tool gives access to the overall IFC schema (from IFC4 onwards); supports
particular IFC release specifications; provides a user interface for defining mvdXML
and additional documentation. IfcDoc provides means to generate concept templates,
as well as to further the further defining and specification of the Model Views.

4.4.1 MVD development

The starting point of an MVD development is the fundamental IFC schema specifica-
tion and the set of reusable MVD concept templates definitions (Chipman et al. 2016,
p. 12). BSI provides a baseline, that includes MVD content in the form of reusable

concept templates for defining property sets, composition rules, materials and others.
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For this master’s thesis, the IFC4 Addendum 1 Baseline (with MVD definitions of Ref-
erence View and Design Transfer View) has been chosen as a baseline schema. A
detailed description of the concept templates, included in the IFC4 Reference View, is
provided in Chapter 4 "Fundamental concepts and assumptions" listed in the MVD
specification delivery. The process of creating ConceptTemplates and the specification
of an mvdXML are elaborated below.

Once the schema has been loaded, a Model View with two Exchange Definitions for
each use case has been created. Afterward, concept templates are set up for each of
the objects, defined in the ER’s. IfcDoc provides the possibility to assign a Base View
to the created MVD, allowing for concept definitions to be inherited from an existing
MVD (suitable example here is the Reference View) and to be further modified to align
with the newly created “SRE MVD”. Concepts, restrictions or extensions can also be
manually created and assigned to ConceptRoots. Concepts can include an indication

for import and export requirements for each ExchangeDefinition.

IfcSchema
IfcDoorPanelProperties

Domain Layer ! IfcArchitectureDomain ! IfcWindowPanelProperties

Interoperability !
Layer

IfcMember

IfcSharedBldgElements ! IfcCurtainWall

IfcPlate

! IfcProductExtension !

Core Layer

IfcMaterial- IfcMaterial-

IfcMaterialRessource !

LayerSet

ConstituentSet

IfcClassfication
IfcClassfication

Ressource Layer ! IfcExternalReference- !

Reference

Ressource

Figure 4-2 Investigated entity definitions in IFC

Figure 4-2 presents the main IFC entity definitions, incorporated in the MVD. The
IfcScharedBldgElemets schema consolidates entities, representing the main compo-
nents of a building structure — fagade, walls, plates, members, windows and doors.
The Core Layer and its IfcProductExtension schema provide the spatial project
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structure like space definitions (IfcSpace) within the project context. Supporting data
structures, like IfcMaterialResource and IfcExternalReferenceResource (location of

IfcClassification), are part of the Resource Layer.

Figure 4-3 depicts an overview of the explored IFC concepts. Detailed elaboration on
the applicable entity definitions, constraints and examples of the configured parameter
values is presented below. Since some functionalities are not yet implemented in the

IfcDoc12.1 version, possible workarounds are discussed.

Fundamental concepts

and assumptions

|
Object Attributes Object Composition Object Definition

Object Occurance
Attributes

Object Association

Material
Association

Aggregation Property Sets

l  Property Sets with
Override

Quantity Sets

Element
Decomposiiton

Material Layer Set Door Attributes

Window Attributes

Object Predefined
Type

Figure 4-3 Incorporated IFC concepts

Material Constituent Set

Classification
Association

Object Predefined Type

IfcSpace, IfcWall, IfcPlate, IfcMember, IfcWindow, IfcDoor

To additionally distinguish entities by particular characteristics, a specific enumeration
attribute, named PredefinedType is used. The predefined type differentiates objects
utilizing enumerators and not subtypes. If a custom value is needed, the Prede-
finedType is set to -USERDEFINED.” and an attribute ObjectType holds the value. If
the object is typed, then the PredefinedType at the occurrence is to be used only if the
PredefinedType at the object type is set to . NOTDEFINED.'. Table 4-2 describes the
applicable predefined types.
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Table 4-2 Constraints on the PredefinedType

Component types

Courtyard (IfcSpace)
Ramp (IfcSpace)
Parking (IfcSpace)

Traffic area (IfcSpace)
Internal spaces (IfcSpace)

Load-bearing External Wall (IfcWall)

Constraints on PredefinedType

IfcSpace.PredefinedType=".EXTERNAL.
IfcSpace.PredefinedType=".PARKING.'
IfcSpace.PredefinedType=".PARKING.'

IfcSpace.PredefinedType=".PARKING."
IfcSpace.PredefinedType=".INTERNAL.
IfcWall.PredefinedType="SOLIDWALL.’

Load-bearing Internal Wall (IfcWall) IfcWall.PredefinedType="SOLIDWALL.’

Non-load-bearing Internal Partitioning
Wall (IfcWall)

IfcWall.PredefinedType="PARTITIONING.

Non-load-bearing Internal Think Thank
Glass Wall (Ifcwall)

IfcWall.PredefinedType="MOVABLE.'

Panel (IfcPlate) IfcPlate.PredefinedType=".CURTAIN_PANELL.'
IfcPlate.PredefinedType=".CURTAIN_PANELL.'

IfcPlate.PredefinedType=".CURTAIN_PANELL.'

e Lamella panel
e Glass panel
o Metal sheet

Mullion (IfcMember) IfcMember.PredefinedType=".MULLION."

Classification Association

IfcSpace, IfcWall, IfcCurtainWall, IfcPlate, IfcMember, IfcWindow, IfcDoor

The ClassificationAssociation concept allows a reference (IfcClassificationReference)
to an external source of information, such as classification (IfcClassification), to be as-
sociated to objects and object types (buildingSMART International 2019d). IfcClassifi-
cation is used for the arrangement of objects into a class or category and the attributes
Name, Location and Source describe information for the classification system itself,
IfcClassificationReference gives information about the specific classification key. Here
the Identification attribute holds the key for the reference to classification items and
tables and the Name attribute is a human interpretable designation of this key. Each
root entity has been assigned the concept Classification with a constraint on the attrib-
ute IfcClassifcationReference.Name to only consists of *Uniclass Classification” and
"CAFM Classification” (Table 4-3).
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Table 4-3 Constraints on the IfcClassificationReference.Name

Root entity Constraints on IfcClassificationReference.Name
IfcSpace
Ifcwall IfcClassificationReference.Name=“Uniclass”
IfcCurtainWall AND
IfcPlate I
IfcClassificationReference.Name="CAFM”
IfcMember
IfcWindow
IfcDoor

Material Association

Ifcwall, IfcPlate, IfcMember, IfcWindow, IfcDoor

As specified in the ERs objects’ composition must be indicated by an associated single
material or set of materials (Table 4-4). In general, materials can have different repre-
sentations about styles, colors and thermal properties. Materials can be defined by
ConceptTemplates such as IfcMaterialSingle, IfcMaterialLayer, IfcMaterialConstitu-
entSet and others, or as a fall back by IfcMaterial and attached by the IfcRelAssoci-
atesMaterial relationship (buildingSMART International 2019j). Since both use cases
in the scope of the SRE MVD contain requirements for the early project design, no
specific constraints have been defined for IfcMaterial parameters’ value or syntax. The

properties of this concept will be checked only for existence.

Table 4-4 Material association concepts and constraints

Root entity Material Association concepts and constraints
IfcWall IfcMaterialMaterialLayer

IfcPlate IfcMaterialMaterialLayer

IfcMember IfcMaterialConstituentSet

IfcWindow IfcMaterialConstituentSet with

IfcMaterialConstituent.Name="“Lining”
IfcMaterialConstituent.Name=“Framing”

IfcMaterialConstituent.Name="Glazing”
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IfcDoor IfcMaterialConstituentSet

However, some additional constraints were required to assure key information for cost
and facility management simulations. For example, the IfcMaterialConstituentSet, as-
signed to IfcWindow, must indicate the material of each component (IfcMaterialCon-
stituents) — Lining, Framing and Glazing, by populating the value of the IfcMaterialCon-

stituent.Name.

The entity IfcPlate with a PredefinedType="CURTAIN_PANEL.’ represents objects like
lamella, glass panels and metal sheets. A human can visually distinguish them by the
differences in their appearance, a machine-readable specification, however, must in-
clude an unambiguous characteristic to guarantee evaluation and validation. Similarly,
a Think Tank Glass wall mapped to IfcWall.Predefined Type="MOVABLE.’, must have

an indication of a material that consists of glass.

Documentation Identy Query  Consirairts Parameters Requiements
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Figure 4-4 MaterialLayerSet concept configuration in IfcDoc

Both entities IfcMaterialConstituent and IfcMaterialLayer have an attribute Category,
describing the component’s role (‘load-bearing’, 'thermal insulation’, ‘inner or outer fin-

ish’) in a layer set or a constituent set. The assigned IfcMaterial also has an attribute
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Category, holding information about the general category of the material, such as
“Steel” or “Glass” (buildingSMART International 2019c). To create a checkable rule, a
new parameter with the name MaterialCategory has been created as a constraint of
the attribute IfcMaterial.Category (Figure 4-4). However, IfcDoc does not provide a
user interface to configure a specific value, without changing the ConceptTemplate, so

this has been adjusted manually in the generated mvdXML.

Property Sets with Override

IfcSpace, IfcWall, IfcCurtainWall, IfcPlate, IfcMember, IfcWindow, IfcDoor

The concept template Property Sets for Objects describes how an object occurrence
can be related to property sets with multiple properties. The concept Property sets with
Override extends this concept by allowing a property to be either mapped to the indi-
vidual object, or the object type. If this property is provided by the same property set
then the property, directly assigned to the object occurrence, overrides the property

assigned to the object type (buildingSMART International 20199).

IFC4 ADD2 TC1 supports 160 Property sets, that contain properties, grouped by a
common theme. Each property has a name, a description and a value of a given
datatype. User-defined extensions can be made to the property definitions, however,
the name prefix “Pset " is intended only for properties, defined within the original
scope of the standard (buildingSMART International 2019i). A detailed list of all ap-
plied and created properties and property sets is available in the appendix. Further
constraints on properties have been defined to support better IFC data filtering and
validation (Table 4-5). Constraints’ values cannot be specified in IfcDoc, thus they

have been added manually to the generated mvdXML.
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Table 4-5 Constraints on properties

Component types

Ramp
IfcSpace.PredefinedType=".PARKING.

Parking
IfcSpace.PredefinedType=".PARKING.
Traffic area
IfcSpace.PredefinedType=".PARKING.

Load-bearing External Wall
IfcWall.PredefinedType="SOLIDWALL.’

Load-bearing Internal Wall
IfcWall.PredefinedType="SOLIDWALL.’

Non-load-bearing Internal Partitioning Walll
IfcWall.PredefinedType="PARTITIONING.

Non-load-bearing Internal Think Thank Wall
Ifcwall.PredefinedType=.MOVABLE."

Quantity Sets

IfcSpace

Constraints on properties

Pset_SpaceCommon.Reference="8.1"

Pset_SpaceCommon.Reference=8.1"

Pset_SpaceCommon.Reference="8.1"

Pset_WallCommon.IsExternal=TRUE
Pset_WallCommon.LoadBearing=TRUE
Pset_WallCommon.IsExternal=FALSE
Pset_WallCommon.LoadBearing=TRUE
Pset_WallCommon.IsExternal=FALSE
Pset_WallCommon.LoadBearing=FALSE

Pset_WallCommon.IsExternal=FALSE
Pset_WallCommon.LoadBearing=FALSE

Similar to the concept Property set for Objects, objects can be also referenced by

guantity sets, containing multiple quantity occurrences, with data types, giving infor-

mation about length, area, volume, weight, time. Each quantity is defined by its name

and value, and optionally a description and a formula. Some geometric information is

automatically exported by common design software tools, certified for IFC4 RV export.

Furthermore, both use cases do not require specific or detailed geometrical information

outside of this scope. Thus, the concept has been assigned solitary to IfcSpace, to

provide information about the height of the finished ceiling and floor (Table 4-6).

Table 4-6 QuantitySet concept

Root entity

IfcSpace

Quantity Sets concept

Qto_SpaceBaseQuantities.Fin-
ishCeilingHeight

Qto_SpaceBaseQuantities.FinishFloorHeight
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Element Decomposition

[fcCurtainWall

The concept ElementDecomposition provides an aggregation structure, where a com-
posite element is decomposed by other elements into parts. The composite shall not
have own Body Geometry and Material assignment since they are provided by the
parts. The concept template is assigned to the IfcCurtainWall root entity, given that the
facade, is composed of the elements IfcPlate and IfcMember. Accordingly, the attribute
of the relationship entity IfcRelAggregates is configured to include the two entities (Ta-
ble 4-7).

Table 4-7 ElementDecomposition concept and parameter constraints

Root entity Element Decomposition elements

[fcCurtainwall IfcPlate.PredefinedType=".CURTAIN_PANELL.!

IfcMember.PredefinedType=.MULLION.’

Window and Door Attributes

IfcWindow and IfcDoor

Specific entities have additional attributes defined to describe common characteristics
at occurrences (buildingSMART International 2019f). Additional semantic and cost rel-
evant information for the operational type of window and door panels can be provided
by the enumerator attributes PanelOperation (IfcDoorPanelProperties) and Operation-
Type (IfcWindowPanelProperties), part of the concepts IfcDoorAttributes and IfcWin-

dowAttributes respectively.

4.4.2 Documentation and manual customization of the mvd XML

IfcDoc provides means to develop and generate MVD concept definitions in the official
mvdXML1.1 format, as well as the mvdXML1.2 format. Since mvdXML1.1 has limited
support on nested views, parameters and requirements, the focus of this work lies in
generating an MVD in mvdXML1.2 and manually enriching it with specifications, that
were not able to be implemented by the tool. In following the observed limitations and

manually provided adjustments are discussed:
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Adding rules in the Applicability element.

One of the set objectives for this work has been implementing constraints on specific
entities, that need to be validated before the associated concepts are checked. For
example, walls from the type “Load-bearing External Wall”, according to Siemens
specifications, are differentiated from other walls by the following constraints
IfcWall.PredefinedType="SOLIDWALL.; Pset WallCommon.IsExternal=TRUE and
Pset WallCommon.LoadBearing=TRUE. Such constraints are defined as a list of
TemplateRule in the Applicability element. Table 4-8 summarizes the constraints and
their values for different entity instances.

Table 4-8 Externed list of constraints

Building objects An extended list of constraints
Courtyard IfcSpace.PredefinedType=".EXTERNAL.’
IfcSpace.PredefinedType=".PARKING.'
Ramp
Pset_SpaceCommon.Reference="8.1"
) IfcSpace.PredefinedType="PARKING.
Parking

Pset_SpaceCommon.Reference="8.1"

IfcSpace.PredefinedType=".PARKING."

Pset_SpaceCommon.Reference=“8.1"

Traffic area

Ifcwall.PredefinedType=".SOLIDWALL.
Load-bearing External Wall Pset_WallCommon.IsExternal=TRUE
Pset_WallCommon.LoadBearing=TRUE

Ifcwall.PredefinedType=".SOLIDWALL.
Load-bearing Internal Wall Pset_WallCommon.IsExternal=FALSE
Pset_WallCommon.LoadBearing=TRUE

IfcWall.PredefinedType="PARTITIONING.
Non-load-bearing Internal Partitioning Wall Pset_WallCommon.IsExternal=FALSE
Pset_WallCommon.LoadBearing=FALSE

IfcWall.PredefinedType="MOVABLE.'
Non-load-bearing Internal Think Thank Wall Pset_WallCommon.IsExternal=FALSE
Pset_WallCommon.LoadBearing=FALSE

After generating the mvdXML an inconsistency in the Applicability element has been
observed: the referenced Concept Template is not existing in the document, meaning

that the specified parameters and values in the TemplateRule will not be validated.
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<ConceptRoot uuid="00e4509a-£99a-475d-b3eb-391688bfcb61l" name="Load
bearing External Wall" status="sample" applicableRootEntity="IfcWall">
<Definitions>
<Definition>
<Body>
</Body>
</Definition>
</Definitions>
<Applicability uuid="00000000-0000-0000-0000-000000000000"
status="sample">
<Template ref="35d6cef3-c9da-4437-bd7c-c68876fdde2a" />
<TemplateRules operator="and">

Listing 4-1 Template reference mistake in Applicability element

After adjusting the MVD once more in IfcDoc: both concepts Object PredefinedType
and Property Sets with Override were assigned as concepts in the Concept element.
After generating the mvdXML, the aforementioned constraints were copied and man-
ually adjusted in the Applicability element. However, the structure of the mvdXML for-
mat allows to reference only one ConceptTemplate, therefore the list of Templat-
eRules cannot contain a combination of rules, with parameters, contained in multiple

ConceptTemplates.

<ConceptRoot uuid="00e4509a-£99a-475d-b3eb-391688bfcb6l" name="Load
bearing External Wall" status="sample" applicableRootEntity="IfcWall">
<Definitions>
<Definition>
<Body>
</Body>
</Definition>
</Definitions>
<Applicability uuid="00000000-0000-0000-0000-000000000000"
status="sample">
<Template ref="35d6cef3-c9da-4437-bd7c-c68876fdde2a" />
<TemplateRules operator="and">
<TemplateRule Parameters="PredefinedType[Value]='SOLIDWALL'
AND TypePredefinedType[Value]='SOLIDWALL'" />
</TemplateRules>
</Applicability>

Listing 4-2 Constraints on PredefinedType in the Applicability element

Alternatively, the Applicability element may impose that only IfcWall instances, that
have the two properties IsExternal and LoadBearing with specific values assigned,

must further be checked.
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<ConceptRoot uuid="00e4509a-£f99a-475d-b3eb-391688bfcb61l" name="Load
bearing External Wall" status="sample" applicableRootEntity="IfcWall">
<Definitions>
<Definition>
<Body><! [CDATA[Specification for an external load-bearing
wall with properties LoadBearing and IsExternal.]]></Body>
</Definition>
</Definitions>
<Applicability uuid="00000000-0000-0000-0000-000000000000"
status="sample">
<Template ref="e26040e8-82e2-4f6a-bc63-ac8e6da2dlae" />
<TemplateRules operator="and">
<TemplateRules operator="or">
<TemplateRule Parameters="PsetName[Value]='Pset WallCommon'
AND PropertyName[Value]='LoadBearing' AND Value[Value]=TRUE" />
<TemplateRules operator="and">
<TemplateRule
Parameters="TypePsetName [Value]='Pset WallCommon' AND
TypePropertyName [Value]='LoadBearing' AND TypeValue[Value]=TRUE" />
<TemplateRule Parameters="PsetName[Value]='Pset WallCommon'
AND PropertyName[Value]='LoadBearing' AND Value[EXISTS]=FALSE" />
</TemplateRules>
</TemplateRules>
</TemplateRules>
<TemplateRules operator="and">
<TemplateRules operator="or">
<TemplateRule Parameters="PsetName[Value]='Pset WallCommon'
AND PropertyName[Value]='IsExternal' AND Value[Value]=TRUE" />
<TemplateRules operator="and">
<TemplateRule
Parameters="TypePsetName [Value]=''Pset WallCommon' AND
TypePropertyName [Value]='IsExternal' AND TypeValue[Value]=TRUE" />
<TemplateRule Parameters="PsetName[Value]='Pset WallCommon'
AND PropertyName[Value]='IsExternal' AND Value[EXISTS]=FALSE" />
</TemplateRules>
</TemplateRules>
</TemplateRules>
</TemplateRules>
</Applicability>

Listing 4-3 Constraints on properties in the Applicability element

Inheriting concepts from add-on views

Inheriting concepts form an add-view, that has been selected, is an approach, that
requires less manual configuration and thus is prone to fewer mistakes. However, this
functionality in IfcDoc has some limitations. By adding a new property, an empty row
was created, which resulted in an ‘empty’ TemplateRule snippet in the generated
mvdXML. The tool prohibits from deleting the empty rows; thus, they must be manually
removed from the mvdXML. To minimize such customized adjustments, the properties
have been created one by one for each property set in IfcDoc (Figure 4-5). Conse-
guentially this resulted in the segregation of each property in a single TemplateRule

snippet in the mvdXML.
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Extending content to allow further validation of property existence, values and valid

syntax.

Since some functionalities of IfcDoc are limited, all concepts have been manually

adjusted to align with the content of the predefined exchange requirements. For ex-

ample, additional TemplateRules and parameters have been created to allow the

further specification of values and their syntax. Some concepts have been modified

to allow validation of property values and valid syntax (e.g. PropertySets with Over-

ride), whereas others are to be checked only upon existence since their input is

highly depending on local requirements and designer choices ( e.g. Material Asso-

ciation).
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<Concept uuid="bl129889b-0742-4bb8-89c8-e6d1190bc893"
name="Material Layer Set" status="sample" override="false">
<Template ref="dfb5b3a9-50e3-46e2-8518-1£f03e7c£d886" />
<Requirements>
<Requirement applicability="export" requirement="mandatory"
exchangeRequirement="7fab58cb-4655-489a-862d-85e26a3096b2" />
<Requirement applicability="export" requirement="mandatory"
exchangeRequirement="c£a72802-9d70-407c-9616-56£5b53£8708" />
</Requirements>
<TemplateRules operator="and">
<TemplateRule xsi:type="TemplateItem"
Parameters="HasLayer [Exists]=TRUE" >
<References />
</TemplateRule>
<TemplateRule xsi:type="TemplateItem"
Parameters="LayerName [Exists]=TRUE" >
<References />
</TemplateRule>
<TemplateRule xsi:type="TemplateItem"
Parameters="LayerThickness[Exists]=TRUE" >
<References />
</TemplateRule>
<TemplateRule xsi:type="TemplateItem"
Parameters="Category[Value]='Glass'">
<References />
</TemplateRule>
<TemplateRule xsi:type="TemplateItem"
Parameters="Category[Value]='Metal Sheet'">
<References />
</TemplateRule>
<TemplateRule xsi:type="TemplateItem"
Parameters="Category[Value]='Lamella'">
<References />
</TemplateRule>
</TemplateRules>
</Concept>

Listing 4-4 Constraints on MaterialLayerSet parameters

Additionally, it was not possible to represent a number of desired requirements, for
instance, the complexity of a check, such as the amount of glass area of a window,
positioned in a wall, part of a specific room. Another example is the evaluation of wall
or ceiling coverings in a room. In the developed MVD the assumption was made, that
this type of information will be represented as a property of the IfcSpace entity since it
is already part of the property set Pset_SpaceCoveringRequirements and no objects
of the type IfcCovering were examined. However, independent from the chosen way
of implementation, the type of different wall coverings in a space cannot be derived as
a separate piece of information, part of a room book. For the building owner to extract

this data, another method for linking ERs to MVD should be considered.
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4.4.3 Summary

In summary, the IfcDoc tool was created to develop and documentation IFC re-
leases. Although it has some limitations and crucial functionalities have not yet been
implemented, it allows a consistent computer-interpretable definition of Model View
Definitions (MVD) as subsets of the IFC schema specification (buildingSMART In-
ternational 2019h). To encourage further development and implementation of the
IFC format, as well as an open and free of cost exchange of structured information,

the functionalities of the tool need to be updated to match the users' demand.
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4.5 Conceptual approach through BIMQ

BIMQ is a web-based platform, developed by AEC3, offering a method to optimize,
standardize and automate the processes of exchange requirements creation. The tool
provides ways to structure project information requirements and define who delivers
what information at which point and in what form. The project guidelines can contain
geometric requirements in both written form as well as constraints on geometric repre-
sentations, and semantic information of element required data format for attributes and
properties (AEC3 2019). BIMQ offers different export deliverables depending on the
project actor's needs. In addition to generating detailed information requirements in a
PDF form, the tool also creates project templates for software like ArchiCAD or Revit
and export validation rules as mvdXML1.1 and in Excel format for configuration of
Solibri ruleset SOL/203 (Figure 4-6).

Catalogues

Quality Checking Rules <xml />

BIM Use Cases
BIMQ Project Guide

Project Phases Software Templates :

v

IFC Delivery @
- l v

NO YES
@ BCF Error Report Acceptance

Figure 4-6 BIMQ utilization of mvdXML (BIMQ 2018)

4.5.1 Information management

The development of a digital project guideline starts with creating a project via a tem-
plate, provided by BIMQ. Afterward, the use cases are defined and assigned to a build-
ing work phase. Since exchange requirements are required in the early stages of the
project, the use cases are to be implemented by an architectural planner in the Prelim-
inary design phase and the Final design phase. According to the BIMQ platform, the

Preliminary design phase shall include a definition of spaces and initialization of
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considerations on the basic project elements. As a basis for further design, project

spatial and element criteria are fully defined in the Final design phase ( (AEC3 2019).

Project Guidelines  Settings~  Project Components~  Model Components+  Object cards

Template: SRE Project Guidline MA

for SRE ARCH ) Code Type unit IFC 4.1 Revit LPH2:B2P LPH2:BMA LPH3.B2P LPH3.BMA
Courtyard 01-01 IfcSpace. PredefinedType. EXTERNAL Rooms
Ramp 01-02 IfcSpace. PredefinedType. PARKING IFC Entity Rrooms Revit Category

Space_Properties 100 Space_Properties Space_Properties . At X
pace_TTon e PropertySet = Property set
Sub space category 100.0 Integer = sopspscETEEgoy X x X X

Parking 01-03 Rooms

Space_Properties 100 Space_Properties x
Sub space category Property @ X X x

Option Value

Sub space category 100.0 Integer

Traffic Area 01-04 Rooms

Space_Properties 100 Space_Properties

Sub space category 100.0 Integer Pset_SpaceCommon.Reference Sub space category X i x x
5 8.1

Figure 4-7 BIMQ overview

The created digital Siemens guideline (SRE Project Guideline) consists of an architec-
tural discipline model, model elements, properties, quantities and IFC concepts (Figure
4-7). After setting up the project, each of the listed components is enriched with se-
mantic information from the ER’s Excel spreadsheet. Initially, each information piece -
element, property set, a single property, etc., must be individually created and enriched
with information like the unit group, unit type and preferably the unit itself. However,
once defined, these concepts can be easily assigned to multiple elements and project

templates.

The user interface allows easy and intuitive data mapping to IFC4 or IFC2x3 entities,
property sets, and single properties. Alternatively, BIMQ also provides an import fea-
ture for mvdXML concept templates, allowing to configure other IFC concepts such as
Classification and Material Association, Element Decomposition and others (Figure
4-8). An example of how TemplateRules is configured, via snippets as XML-Code is
provided for each of the created IFC concepts. The full mvdXML document is provided

in the appendix.
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Data mapping *®
[Element Decomposition]
# Mapping configuration

# Configuration via mvdxML template (alternative to property selection)

mvdx¥ML template (configurable ConceptTemplate)
Element Decompaosition r

Parameter configuration (as XML-Code)

=TemplateRules operator="and"=

«<TemplateRule Parameters="IsDecomposedBy[Exists]="TRUE" AND
RelatedObjects[Size]=2"=</TemplateRule=

<TemplateRule Parameters="RelatedObjects[Type]="IfcFlate’ AND

RelatedObjects[Type]="IfcMember'" = </TemplateRule=
=/TemplateRules=

Save Delete Cancel

Figure 4-8 TemplateRules configuration snippet in BIMQ

BIMQ also allows mapping entities and properties to the corresponding Revit catego-
ries. Revit can automatically assign default attributes or properties to units of infor-
mation in IFC, ensuring that the necessary information is being exchanged cohesively
(Autodesk Inc 2018). These attributes and properties are automatically recognized and
assigned correctly by the IFC export tool, as soon as they are populated with a value.
Table 4-9 gives an overview of the default attributes provided by Revit, that are of

interest for the scope of the work, and the correspondent IFC properties.

Table 4-9 IFC Properties and correspondent default parameters in Revit

IFC properties Default attributes in Revit
Reference Component type (type name)
FireRating Fire-resistance class (type parameter)
ThermalTransmittance U-value (type parameter)

Exterior component (type parameter, given

IsExternal

as Boolean value)
LoadBearing Load-bearing (instance parameter)
Model Model type of the element

Manufacturer Manufacturer of the element materials
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45.2 Documentation and manual customization of the mvd XML

Once exchange data is provided in a structured manner, associated documentation
and software templates can be generated. Detailed information requirements of model
elements and properties, according to project phases can be exported in PDF format.
To ensure interoperability and enable further data validation BIMQ can export different

application formats and support integration with common BIM tools.

From the SRE Project guideline a shared parameters file for Revit and an IFC mapping
file, both in text format (.txt), have been used to transfer the defined ERs to Reuvit.
Additionally, validation rules were generated in mvdXML1.1 format (.mvdXML) and as
an Excel file for the configuration of rulesets in the Solibri Model Checker. When gen-
erating the mvdXML tool limitations can be overcome to an extent, by manually imple-
menting changes via snippets directly in the online platform. All content modifications
performed on the mvdXML, generated in IfcDoc (see Chapter 4.4.2) have also been

applied to the mvdXML, exported by BIMQ, to allow a consistent validation workflow.

4.5.3 Summary

BIMQ allows the preparation of information requirements according to performance
specifications and working phases. The project-specific guidelines and the direct deri-
vation of check rules in mvdXML format or in Excel format allow for the building owner
to automatically validate the submitted discipline-based models against information re-
quirements. Developing an mvdXML using BIMQ’s interface did not reveal any set-
backs, as users can manually configure each concept using the provided snippets.



Case Study 64

5 Case Study

5.1 Scope

To validate the applicability and correctness of the developed MVDs and perform
model checks, an example office building was modeled in Revit 2019.2. The model
was created to assure that the correct modeling techniques are applied and the com-
plete definition of the component-specific parameters in Revit is included. While defin-
ing a Model View Definition with a high level of data richness and specificity, it is im-
portant to consider how much of this information can be created with the available
software tools on the market. Next to creating the model, the specific IFC Export con-
figurations are crucial for the actual output, as well. A brief explanation of the IFC file

structure and the required export setting is presented below.

An IFC file consists of a header and a body. General information about the building
model used software and the IFC version is displayed in the header, while the body
contains geometric and semantic data of the building elements. Element description
begins with a line, containing the IFC entity classification, the universally unique iden-
tifier and optional information like owner history, name and description. Information
about the position sequence of each additional attribute can be found in the IFC
schema specifications on the bSI technical web page (buildingSMART International
2019d).

#11759= IFCWINDOW('1lvMgHDNNT8MfGaLlJIDleb',#42,'FE T\X2\00DC\XO0\R 1 tlg - Fix-1
Nurglasecke:1100 x 2250:2407508',$,'1100 x
2250',#116578,#11752,'2407508',2.47937475657232,1.37527819818117, WINDOW.,.NOTDEFINED.
$);

#11677= IFCPRODUCTDEFINITIONSHAPE(S$,$,(#11675));

#115002= IFCLOCALPLACEMENT (#114990,#115001);

Listing 5-1 IFC file structure

The structure of the IFC file allows linking further concepts to this entity until a logical
model has been generated to provide the complete information available for the ob-
ject. This method also guarantees that particular information sets (e,g, materials) are

stored only once, but can be referenced multiple times (Autodesk Inc 2018).
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The following settings by the IFC export have been modified, (Figure 5-1):

e General:
o IFC version: IFC4 Reference View.
o Space boundaries: 1st Level.
o Split elements like Walls and Columns by level.
e Additional Content: Export rooms in 3D views.
e Property Sets: Export user-defined property sets: linked to custom parameter
sets text file, generated my BIMQ.
e Level of Detail: no additional settings.
e Advanced: Store the IFC GUID in an element parameter after export.
Modify Setup

<In-Session Setup>

<IFC2x3 Coordination View 2.0 Setup>

General | Additional Content | Property Sets | Level of Detail | Advanced

[[] Export Revit property sets

<IFC2x3 Coordination View Setup>

<|FC2x3 G5A Concept Design BIM 2010 Setup>
<IFC2x3 Basic FM Handover View Setup>
<IFC2x2 Coordination View Setup>

[] Export IFC commaon property sets
[] Export base quantities

[] Export schedules as property sets

<IFC2x2 Singapore BCA e-Plan Check Setup> O Export only schedules containing IFC, Pset, or Common in the title
<IFC2x3 COBie 2.4 Design Deliverable Setup>

Export user defined property sets
<|FC4 Reference View Setup>

Ch\Users\z003u30f Downloads\sre-project-guidline-ma_revit-pset_lph3_abjektplang

[] Export parameter mapping table

<|FC4 Design Transfer View Setup>
IFC4 Reference View for BIMQ

| Classification Settings...

(&)

QK | | Cancel

Figure 5-1 IFC export settings in Revit
5.2 Implementation of Concepts

The following chapter traces the steps to create and export the desired information in
an IFC file.

5.2.1 Classification

The Classification manager in Revit offers the possibility to set up and assign classifi-
cations from a predefined list (Uniclass 2015, OminClass Database, IFC4 Add1 Data-

bases and others) or create a unique classification. According to BIM@SRE, the main
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classification used shall be the Uniclass 2015 terminology. When assigning classifica-
tion through the Classification Manager, Revit automatically creates the following pro-

ject parameters (Emma Hooper):

e Classification.Uniclass.Ss.Number,

¢ Classification.Uniclass.Ss.Description
e Classification.Uniclass.EF.Number

e Classification.Uniclass.EF.Description
e Classification.Uniclass.Pr.Number

e Classification.Uniclass.Pr.Description

A primary classification system has to be set through the IFC exporter, using the Clas-
sification Settings. Populating the Classification field name with the project parameters,
created by the Classification Manager, guarantees a correct mapping of the IfcClassi-
ficationReference (Listing 5-2). Without this step, the classification number and de-
scription are not mapped to the IfcClassificationRefrence, but exported as properties,

part of the ‘Data’ Property set.

#4553= IFCCLASSIFICATION('NBS','2015',$,'Uniclass',$,$,$);

#4556=
IFCCLASSIFICATIONREFERENCE('https://toolkit.thenbs.com/Definitions','Ss_25 10',$,#4553,$,%);

#4561= IFCRELASSOCIATESCLASSIFICATION('2jtcXk41f3PQQKK|_Gwk7_'#42 'Uniclass
Classification',",(#4490),#4556);

#4565= IFCCLASSIFICATIONREFERENCE('https://toolkit.thenbs.com/Definitions’,'Framed wall
systems',$,#4553,$,%);

Listing 5-2 Classification information in Revit

Additionally to the classification, required by BIM@SRE, a project in Germany can
have a regional-based additional classification, such as classification for room usage
types (DIN277-2) and component types (DIN276+). For secondary classification sys-
tems, Autodesk provides up to ten shared parameters, called ClassificationCode. Clas-
sification information can be populated with the following syntax —“[ClassificationName]
Code: Title”. As an example (Listing 5-3), the BIM profile CAFM-Connect classification
(CAFM-Connect) was used to assign a classification code and a title (“[CAFM]331:Tra-

gende Aussenwaende”) to a wall object
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#6077= IFCCLASSIFICATION(",",$,/CAFM",$,$,$);
#6078= IFCCLASSIFICATIONREFERENCE($,'331','Tragende Aussenwaende' #6077,%,3);

#6080= IFCRELASSOCIATESCLASSIFICATION('2vVZHe8gX3GxuJ6DUytzFv' #42,'CAFM
Classification',",(#6050),#6078);

Listing 5-3 Additional classification information in IFC

Another option to assign classification is through the type properties Assembly Code
and Assembly Description, as well as the Keynote type property. Both the Assembly
code and Keynote’s content is modifiable through a text file. Nevertheless, currently, it
is not possible to change the predefined classification name- Unifromat Classification,
to any user-defined classification name, thus making this approach not suitable for

proper classification.

5.2.2 Material Association

After assigning materials to each of the relevant functional elements (walls, plates,
mullions, windows, and doors), the exported IFC file is checked for consistency. Listing
5-4 presents an IfcWindow entity and the assigned material concept IfcMaterial Con-

stituentSet, that contains two material constituents.

#11759= IFCWINDOW('1lvMgHDNNT8MfGaLlJIDleb',#42,'FE T\X2\00DC\XO0\R 1 tlg - Fix-1
Nurglasecke:1100 x 2250:2407508',$,'1100 x
2250',#116578,#11752,'2407508',2.47937475657232,1.37527819818117,. WINDOW.,.NOTDEFINED.
$);

#11762= IFCMATERIALCONSTITUENT('Kunststoff - grau 70-70-70',$,#10832,%,'Materials');
#11763= IFCMATERIALCONSTITUENT('Glas - Isolierverglasung klar',$,#10816,$,' Materials');

#11764= IFCMATERIALCONSTITUENTSET('MaterialConstituentSet',$,(#11762,#11763));

#10816= IFCMATERIAL('Glas - Isolierverglasung klar',$,$);

#10832= IFCMATERIAL('Kunststoff - grau 70-70-70",$,%$);

Listing 5-4 Material information in IFC
The first attribute of the entity IfcMaterialConstient is expected to be populated by
value, indicating the material constituent name as ‘Lining’, ‘Framing’ or ‘Glazing’. How-

ever, here the exported value specifies the material itself. Similar mistakes were
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identified by the attributes IfcMaterialConstiuent.Category and IfcMaterial.Category.

As seen in Listing 5-5 the attribute IfcMaterialLayer.Category is not populated (‘$’).

#31408= IFCWALL('14dgzb9KD9EOWIiSv7OROTV' #42,'Basic Wall:STB 250:2423247',$,'Basic
Wall:STB 250:712295',#31302,#31404,'2423247',.SOLIDWALL.);

#31411= IFCMATERIALLAYERSETUSAGE (#4525,.AXIS2.,.NEGATIVE.,0.125,%);
#4525= IFCMATERIALLAYERSET((#4523),'Basic Wall:STB 250',$);
#4523= IFCMATERIALLAYER(#4505,0.25,%,$,%,%$,9);

#4505= IFCMATERIAL('Ortbeton - bewehrt Verputzt',$,$);

Listing 5-5 Material information of an IfcWall entity

A possible explanation for this erroneous export could be that the attribute Category
was first added in the IFC4 schema version. Since Autodesk Revit IFC4 certification

is still in progress, the export of this attribute is not supported.

5.2.3 Properties and Quantities

To create the outlined exchange requirements as properties in Revit, a shared param-
eters file and an IFC mapping file are required. Once the share parameter file is im-
ported, an additional step requires to manually assign the properties to the correspond-
ent Revit category (Figure 5-2).

Parameter Properties x
Parameter Type Categories
(O Project parameter Filter list: Architecture ~
(Can appear in schedules but not in tags) [ Hide un-checked categories
(®) Shared parameter [0 Assemblies A
{Can be shared by multiple projects and families, exported to ODBC, and [J Casework
appear in schedules and tags) [ Ceilings
[ Columns
Select... Export...
[] Curtain Systems
[ Curain Wall Mulions
[ Detal tems
Doors
[] Blectrical Equipment
[ Blectrical Fitures
[] Entourage
#-[] Floors
Parameter Data O Fumiture

[ Fumiture Systems
[0 Generic Models

Mame:

Acoustic Rating ® Type

#-[] Grids
Discipline: (O Instance [ Levels
Lighting Fids
Common S Mgasswng idfures
Type of Parameter: Walues are aligned per group type [ Mechanical Equipment
= Walues can vary by group instance [’ Model Groups
- —— [ Parking
roup parameter under: [ Plarting
[FEizmiEis e [] Plumbing Fistures
Tooltip Description: I RVT Links
@[] Railings ™
Check all Check None
Add to all elements in the selected categories
Cance v

Figure 5-2 Parameter properties in Revit
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Mapping Revit categories to the correct IFC class ensures that the full extent of infor-
mation is exported correctly (Listing 5-6). To export type information (PredefinedType),
the parameters IfcExportAs and IfcExportType, that override the element’s class, need

to be assigned.

#4490= IFCWALL('2_CB1W$Bz6ihhQhSVugWwu'#42,'Basic Wall:STB 250:2398444',$,'Basic
Wall:STB 250:712295',#4303,#4486,'2398444',.SOLIDWALL.);

#4533= IFCPROPERTYSINGLEVALUE('Reference',$,IFCIDENTIFIER('STB 250'),$);
#4534= IFCPROPERTYSINGLEVALUE('LoadBearing',$,IFCBOOLEAN(.T.),$);
#4535= IFCPROPERTYSINGLEVALUE('ExtendToStructure',$,IFCBOOLEAN(.T.),$);

#4536= IFCPROPERTYSINGLEVALUE(IsExternal',$,IFCBOOLEAN(.T.),$);

#4540=
IFCPROPERTYSET('2_CB1W$Bz6ihhQfZhugWwu',#42,'Pset_WallCommon',$,(#4533,#4534,#4535,
#4536,#4537,#4538,#4539));

#4549=
IFCRELDEFINESBYPROPERTIES('1qWEOEXmTAQUOVPZXHLZTQ' #42,$,%,(#4490),#4540);

Listing 5-6 Property information in IFC

This output can be also achieved by using the Revit Classification Manager and auto-
matically populating both parameters, by assigning the IFC Class Mappings 4.1 clas-

sification, available by the tool.

5.2.4 Element Decomposition

Two facade types have been modeled in Revit — a fagade with “Lamella” type panels

and a mullion transom facade with glass panels (Figure 5-3).
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Figure 5-3 Facade elements in Revit

The decomposition of the curtain walls is represented by the concept of Element De-
composition. The relationship ifcRelAggregates contains both attributes — Relat-
ingObject and RelatedObjects. The RelatingObject, here IfcCurtainWall (#71368) is

an object occurrence, that represents the assembled element and is the whole within
the whole/part relationship. And the RelatedObjects, here IfcPlate and IfcMember are

the objects, that are being aggregated.

#74415=
IFCRELAGGREGATES('1tG6WwyODr9AA4FVGWhSSOb' #42,$,$,#71368,(#71428, ... #72407,...));

#71368= IFCCURTAINWALL('1tG6wyODroAA4FUGWhSSOb',#42,'Curtain Wall:Lamellen-
Einsatzelement:2452064',$,'Curtain Wall:Lamellen-Einsatzelement:613436',#71367,%,'2452064",%);

#71428=
IFCPLATE('1tG6wy0DroaAA4AFUGWhHhSSOa' #42,'Systemelement:Metallpanel:2452065',$,'Metallpanel’,
#71426,#71415,'2452065',.CURTAIN_PANEL.);

#72407= IFCMEMBER('1tG6wy0DroaAA4FUGWhSSRg' #42,'Rechteckiger
Pfosten:Lamellenrahmen:2452143",$,'Lamellenrahmen’ #72402,#72396,'2452143',. MULLION.);

Listing 5-7 Element decomposition in IFC
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5.3 Validation

To test the use of the developed MVD, the IFC4 use case model has been validated

against the mvdXML requirement sets and checked using the configurated Solibri

rulesets. The focus of the validation through the generated mvdXML lies on checking

for:

Attribute existence in the Applicability element — check if a model element (e.g.
IfcWall), is validated against the applicability constants (e.g. PredefinedType=".
SOLIDWALL.), exists in the IFC model.

Attributes and properties existence — check if a model element contains attrib-
utes and properties of concept (e.g. Classification, Material, Property sets), that
are required in a use case (BIM2Planon or BMA).

Information location — check if information placed in the right location: e.g. the
property FireRating exists in the property set Pset_WallCommon, applied to the
entity IfcWall.

Value existence, data type and valid syntax — check If properties are populated
with values (e.g.Value[Exists]=TRUE), with a correct data type (e.qg.
Value[Type]="IfcLabel’); and check if constraints on data values are set, are they
according to the predefined syntax (valid value for property FireRating is F9O,

whereas ‘fire-resistant’ is not).

Since the MVD specification does not include exchange requirements for the topics,

listed below, the IFC model must be manually checked by architectural domain experts

for their consistency and correctness:

Correct design solutions and professional quality of the applied modeling tech-
niques.

If objects are modeled using the correct tools and/or if the correct object type is
used — if fagade is modeled and exported as IfcWall and not IfcCurtainWall.
Relationships between objects — walls to slabs, or windows voiding a wall (a
possible check with SMC rulesets).

Clash detection (possible check with SMC rulesets).

Existence and correctness of parameters, for which constraints have not been

exclusively defined.
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5.3.1 Model validation against Solibri rulesets

Solibri Model Checker (SMC) is a commercial checking platform, using hard-coded
rules in high-level imperative programming languages such as C++ and Java, to per-
form clash detection and code compliance checking (Zhang et al. 2015). SMC provides
predefined rule sets, created upon standardized model views and manuals, while user-
defined rules can be configured to a certain extent in the Rule Manager tool. Until
recently, the implementation of the customized rule sets was proprietary defined and
limited to pre-defined parameters in these hard-wired rules. In October 2018 SCM an-
nounced new accessibility to ruleset creation and sharing (Solibri News 10/19/2018).
To increase interoperability and customization freedom the platform launched a rule
template API, allowing users to quickly generate and utilize self-created rules and rule
sets. However, this feature is still in a closed beta phase and is not part of the scope
of this work.

The configuration file, containing requirements on model elements, property sets, and
properties, is generated by BIMQ in Excel format, according to building work phases
and performing actors. The ruleset template configured by the Excel file is "Required
property sets - SOL/203/2.4" (Figure 5-4). The rule checks if the model elements have

the required property sets and properties, and if the values are correct.

@ PARAMETERS \ Severity Parameters B

Checked Components

SE DL @88

State Component Property Operator Value

Include P Space

Include EE| Window

Include A Door

Include B9 Curtain Wall

Include 53 Wall

Include ﬂ;ﬂ Member

Include 3 Plate

D Property Sets (C:\Users\z003u30f\Downloads\sre-project-guidline-ma_solibri-rules_Iph3_objektplaner (2).x1sx) e A v D; O r,{vj
Component Property Set Property Value Exists Value Conditions Visualization

) Space Pset_SpaceCommon Reference Must exist Enumeration &
% Wall Pzet_WallCommon |sExternal Must exist X = True or False

% Wall Pset_WallCommon LoadBearing Must exist X = True or False

5 wall Pset_WallCommon FireRating Must exist K= Text

% Wall Pset_ManufacturerTypelnf... ModelReference Must exist X = Text

% Wall Pset_ManufacturerTypelnf... Manufacturer Must exist K= Text

5 Wall Pset_ManufacturerTypelnf... Modellabel Must exist K= Text

5 wall Pzet_WallCommon |sExternal Must exist X = True or False

% Wall Pset_WallCommon LoadBearing Must exist X = True or False hd

Figure 5-4 Configuration of checking rules in Solibri Ruleset Manager
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Once the model check is performed, identified issues can be reported to the responsi-
ble party via BCF to execute required changes in the original BIM authoring software
(Figure 5-5).

Requred Propery Sets N E
3 RESULT SUMMARY @ B Report
Ay X v
Issue Count % s 0 0 0
Issu Density 59 18 0 0 —

e S
¥ (Z] Missing Property Sets [0/22]

ents

s =1 | = g
- la ents 4 -

- = ]

+ (X1 Wall components \ /

> iny nen b R

omponents [0/1]
v 2] Not Acceptable Property Values [0/2]
v (2] Window components [0/2]
» /\ SRE WindowPorperties.BlastResistancy Kitty: Enumeration
£\ SRE. hello:

Figure 5-5 Validation checks in Solibri Model Checker

The examined workflow for validation of rules check with SMC has some limitations.
For example, semantic information, such as window and door attributes, classification
and material assignment, cannot be generated by BIMQ. Nevertheless, SMC offers
some possibilities to incorporate similar checks by using different methods. To filter
objects by specific criteria, similar to setting constraints in the Applicability element, an
application-based Classification can be created (Figure 5-6). However, component
properties can only reference information, contained in one of the five predefined
groups, therefore checking if an object has a specific material concept assigned, ac-

cording to the IFC format, would not be possible.
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Settings  Classification Rules  Unclassified Compeonents  Classified Components

MName Classification Siemens Load-bearing External Wall

Description  [£7 Edit

Specification for a load-bearing external wall.

oo Dd BB

Components
State Compeonent Property Operator Yalue
Include E'Efl Wall Predefined Type One Of [SOLIDWALL]
Include E‘EJ Wall Pzet_WallCom... = True
Include (‘:f‘fl Wall Peet_WallCom... |= True

Figure 5-6 Classification settings in Solibri Model Checker

5.3.2 Model validation against mvdXML

To validate the IFC model against the generated mvdXML a few tools were considered.
The choice of a suitable tool is limited by the two criteria— (1) validation of IFC4 data
files and (2) import of mvdXML1.2 requirement sets. Not many tools on the market
incorporate these features. Simplebim plugin, for example, was developed for the pro-
prietary use of Statsbygg (STATSBYGG) and is not compatible with bSI's versions
(Simplebim 2019).

The IfcDoc tool, for example, offers a direct MVD validation against an IFC file. Alt-
hough all checks were marked as “passed”, results show significant derivation from
the actual data consistency in the IFC model, meaning that this feature does not pre-

sent the actual validation results (Figure 5-7).
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Figure 5-7 MVD validation in IfcDoc

IFC2x3 and IFC4 models. Its open library allows the loading of plugins, that support

IFC Schema validation and data extraction by syntax querying (XBIM n.d.). The tool

supports validation against mvdXML 1.1. However, the IFC import was not fully suc-

cessful and not all elements were checked (Figure 5-8).
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Figure 5-8 mvdXML validation in XbimXplorer

FZKViewer, developed by the Institute for Automation and Applied Informatics (Insti-
tute for Automation and Applied Informatics n.d.), is another software tool for visuali-
zation of semantic data models. FZKViewer Version 5.5 (still under development) sup-
ports mvdXML1.1 requirement sets and allows them to manipulate the mvdXML file.
The user can select, edit and even create new rules, based on the existing mvdXML.
Additionally, the IFC data model can be validated against a specific model view or an
exchange requirement; ConceptRoots, Concepts and RootEntities can be individually
selected and checked, providing flexibility and accuracy of the validation results (Figure
5-9).
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mvdXML file options

mvd XML File E:vmvdum Pl SRE_BIMO_final.mvdxml

mvdXML definition pool Select Rules
mvdXML editor Create Rules Edit Rules Save Rules

Analyze ConceptTemplates Browse mwd{ML

Checking options

IFC Schema IEC4

Model View SRE Project Guidline MA L

Exchange Requirment || pry3 BMA Building Model Analyzer [export ~ | | |

ConceptRoot 02-01 Load bearing External Wall [lfeWall]  ~ | | |
Concept 01-05 Thermal Transmittance : 01-00 Commr |
Root Entity IFcWall ~
Check Data Show Results
Close

Figure 5-9 mvdXML checker setting options in FZKViewer

Figure 5-10 shows the detailed result report for the checks of Pset WallCommon prop-
erty set existence and IsExternal property value check on an IfcWall entity. This exam-
ple shows that the property is provided to the individual wall object and not the object
type, as well as, that the property values (PropertyName[Value]="IsExternal’ AND

Value[Value]=TRUE) are assigned correctly.

= Successfull Type: fcWall | Name: Basic Wall:STB 250:2399834 | OID: #8233
Successfull Check condition: Psethame [Valug] == Pset_WallCommon (EXPRESS: fcRoot.Name, Value: Pset WallCommon)
Successfull Check condition: PropertyName [Value] == IsExternal (EXPRESS: [fcProperty.Name, Value: [Reference|ExtendToStructure|lsExternal|LoadBearing] £
Successfull Check condition: Value [Value] == TRUE (EXPRESS: fcPropertySingleValue.MominalValue, Value: [STB 230|TRUE|TRUE|TRUE|50|F60[4.124])
Failed Check condition: TypePsetMame [Value] == Pset_WallCommen (EXPRESS: IfcRoot.Name, Value: ) - RuleldState: AttributeNotFound
Failed Check condition: TypePropertyName [Value] == IsExternal (EXPRESS: IfcProperty.Name, Value: ) - RuleldState: AttributeMNotFound
Failed Check condition: TypeValue [Value] == TRUE (EXPRESS: IfcPropertySingleValue MominalValue, Value: ) - RuleldState: AttributeMNotFound
Successfull Check condition: PsetMame [Value] == Pset_WallCommon [EXPRESS: [fcRoot.Name, Value: Pset_WallCommaon)
Successfull Check condition: PropertyName [Value] == IsExternal (EXPRESS: [fcProperty. Name, Value: [Reference|ExtendToStructure|lsExternal|LoadBearing|£
Failed Check condition: Value [Exists] == FALSE (EXPRESS: fcPropertySingleValue.NominalValue, Value: [STE 230|TRUE[TRUE|TRUE|50|F&0|4.184])

Figure 5-10 Results protocol in FZKViewer

5.4 Results and evaluation

The validation results and the deducted conclusions drawn are discussed below. The
presented results are strongly depending on factors, such as the choice of validation
tools, the used techniques, methods and approaches for data model creation, the MVD
development itself and mvdXML format generation, therefore the outcomes are sum-

marized respectively.
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5.4.1 Software topics

The IFC data model is flexible when it comes to representing model data. This can be
an obstacle when information has to be captured and validated against specific ex-
change requirements. Additionally, elements also differentiate in their geometrical rep-
resentation, making it difficult to set specific requirements on how they are to be mod-
eled and exported in an IFC. Therefore, project-specific requirements shall be always

discussed with the designer, to clear such software tool details.

Currently, most of the available tools do not support error-free mvdXML1.1 validation,
thus checking results are not completely reliable. Evaluation problems and verification
errors can occur due to implementation problems, the inconsistency of the mvdXML or
non-compliance with the XSD IFC schema. Additionally, once data quality issues are
established by the validation, domain-specialist should be able to report and communi-
cate the identified inconsistencies. The process of adding missing information or mod-
ifying model elements to conform to the rule checks can be partially realized by imple-
menting a BCF exchange workflow. Issues are also caused by differences in how de-
sign software generate and export information. These problems can be solved by cer-
tifying IFC authoring tools for export and import of the latest IFC schema.

5.4.2 Mvdxml topics

The differences between the mvdXML, generated in IfcDoc (here shortly called IfcDoc
mvdXML), and the mvdXML, configured in BIMQ (here shortly called BIMQ mvdXML),
are discussed below.

e IfcDoc generates ConceptTemplates, that do not have a Name attribute, thus
making the mvdXML not compatible with the IFC XSD schema.

<ConceptTemplate uuid="00000000-0000-0000-0000-000000000000" name="_SRE

MVD" code="26d91a9d-b339-4al6-a8e5-b6c0472b2bbd" status="sample"
applicableSchema="IFC4">
<SubTemplates>

<ConceptTemplate uuid="a5708433-e7ca-45f4-8a6b-c8d1820cb746"
status="sample" applicableSchema="IFC4" applicableEntity="IfcSpace" />

<ConceptTemplate uuid="d727af£28-d205-4433-95d7-c2646ee56704"
status="sample" applicableSchema="IFC4" applicableEntity="IfcDoor" />

<ConceptTemplate uuid="690bel33-£205-4e£f5-8d29-f41af15a1471"
status="sample" applicableSchema="IFC4" applicableEntity="IfcCurtainWall"
/>

<ConceptTemplate uuid="£dd068cb-7ald-422f-811c-453e95a50e9d"
status="sample" applicableSchema="IFC4" applicableEntity="IfcWall" />

Listing 5-8 ConceptTemplates generated with no Name attribute in IfcDoc
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e As observed by the MVD development in IfcDoc, currently it is not possible to
reference more than one ConceptTemplate in the Applicability element. The
template, used to generate the BIMQ mvdXML, allows a workaround by
providing a ConceptTemplate, applicable entity IfcProduct. This custom cre-
ated template includes RulelDs for the attribute PredefinedType and Attribut-
eRules for entities such as IfcRelDefinesByProperties, IfcRelDefinesByType
and IfcRelAssociatesClassification. Theoretically, this allows to set more than

one constraint and yet reference to only one ConceptTemplate (Listing 5-9).

<ConceptRoot uuid="00e4509a-£f99%9a-475d-b3eb-391688bfcb6l" name="Load
bearing External Wall" status="sample" applicableRootEntity="IfcWall">
<Definitions>
<Definition>
<Body><! [CDATA[Specification for an external load-bearing
wall with Predfined Type SOLIDWALL.]]></Body>
</Definition>
</Definitions>
<Applicability uuid="00000000-0000-0000-0000-000000000004"
status="sample">
<Template ref="00000000-0000-0000-0001-000000000001" />
<TemplateRules operator="and">
<TemplateRule Parameters="PredefinedType[Value]='SOLIDWALL'
AND T PredefinedType[Value]='SOLIDWALL'" />
<TemplateRules operator="and">
<TemplateRules operator="or">
<TemplateRule Parameters="PsetName[Value]='Pset_WallCommon'
AND PropertyName[Value]='LoadBearing' AND Value[Value]=TRUE" />
<TemplateRules operator="and">
<TemplateRule
Parameters="TypePsetName [Value]='Pset WallCommon' AND
TypePropertyName [Value]='LoadBearing' AND TypeValue[Value]=TRUE" />
<TemplateRule Parameters="PsetName[Value]='Pset WallCommon'
AND PropertyName[Value]='LoadBearing' AND Value [EXISTS]=FALSE" />
</TemplateRules>
</TemplateRules>
</TemplateRules>
<TemplateRules operator="and">
<TemplateRules operator="or">
<TemplateRule Parameters="PsetName[Value]='Pset WallCommon'
AND PropertyName[Value]='IsExternal' AND Value[Value]='TRUE" />
<TemplateRules operator="and">
<TemplateRule
Parameters="TypePsetName [Value]=''Pset WallCommon' AND
TypePropertyName [Value]='IsExternal' AND TypeValue[Value]='TRUE" />
<TemplateRule Parameters="PsetName[Value]='Pset WallCommon'
AND PropertyName[Value]='IsExternal' AND Value[EXISTS]=FALSE" />
</TemplateRules>
</TemplateRules>
</TemplateRules
</TemplateRules>
</Applicability>

Listing 5-9 Constraints in the Applicability element
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e The mvdXML format allows extending the content of TemplateRules and the
creation of rules on parameters, separated by logical operators. As shown in
Listing 5-10 and Listing 5-11 the two concepts, that represent the same infor-

mation vary in their syntax structure, depending on the used ConceptTemplate.

<Concept uuid="00000301-3770-0000-0000-000000840867" name="05-
01 Classification : 05-00 IFC concepts : 01-05 Space Internal : 01-ARCH SRE
ARCH MVD" code="">
<Definitions>
<Definition>
<Body lang="en"><! [CDATA[Classification : IFC concepts
Space Internal]]></Body>
</Definition>
</Definitions>
<Template ref="4a224609-6578-4c75-afcf-8affa86e5ef2"/>
<Requirements>
<Requirement applicability="export" exchangeRequire-
ment="00000301-3770-3770-0000-000000000000" requirement="mandatory"/>
<Requirement applicability="export" exchangeRequire-
ment="00000301-3770-3769-0000-000000000000" requirement="mandatory"/>
</Requirements>
<TemplateRules operator="and">
<TemplateRule Parameters="Name[Exists]='TRUE'" />
<TemplateRule Parameters="Identification[Exists]='TRUE'"/>
<TemplateRule Parameters="ClassificationName[Value]='UniClass'"/>
<TemplateRule Parameters="ClassificationName[Value]='CAFM'"/>
</TemplateRules>
</Concept>

Listing 5-10 XML syntax in the mvdXML, generated by BIMQ
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<Concept uuid="93£f242f3-2daf-4d4b-9dc7-£8cO0ecc743c8"
name="Classification" status="sample" override="false">
<Template ref="4a224609-6578-4c75-afcf-8affa86e5ef2" />
<Requirements>
<Requirement applicability="export" requirement="mandatory"
exchangeRequirement="7£fab58cb-4655-489a-862d-85e26a3096b2" />
<Requirement applicability="export" requirement="mandatory"
exchangeRequirement="c£a72802-9d70-407c-9616-56£5b53£8708" />
</Requirements>
<TemplateRules operator="and">
<TemplateRule xsi:type="TemplateItem" Parameters="Classification-
Name [Value]='CAFM'">
<References />
</TemplateRule>
<TemplateRule xsi:type="TemplateItem" Parameters="Classification-
Name [Value]='Uniclass'">
<References />
</TemplateRule>
<TemplateRule xsi:type="TemplateItem" Parameters="Name[Exists]=TRUE">
<References />
</TemplateRule>
<TemplateRule xsi:type="TemplateItem" Parameters="Identification|[Ex-
ists]=TRUE">
<References />
</TemplateRule>
</TemplateRules>
</Concept>
</Concepts>
</ConceptRoot>

Listing 5-11 XML syntax in the mvdXML, generated by IfcDoc

5.5 Conclusion

The presented case study shows, that validating an IFC data model against the devel-
oped mvdXML-format based MVD is essential for data quality, when transferring and
maintaining information between different tools. A fully automated data analysis pro-
cess requires comprehensive definitions and specifications of exchange requirements,
that will also minimize design mistakes and miscommunication, due to lack of infor-
mation and certainty. Nevertheless, design software that exports IFC must offer the
tools and features to create content, aligned with specified requirements. Validation
results also lead to the conclusion that further development of mvdXML generating and
- validating tools is required. Since generation and validation of MVD in IfcDoc is not
based on the mvdXML format, incorrect validations, because of incompatibility or syn-

tax mistakes, are minimized. Therefore, the further development of the tool is crucial.
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6 Discussion

This chapter provides a summary of the examined work and results. Furthermore,
based on the observed implementation problems in a praxis-related example, sugges-

tions for future work and topics of development are discussed.

6.1 Summary

In summary, the outcome of this work has met the aimed goal in terms of outlining
use cases in the early building design for cost simulation (BMA) and facility manage-
ment documentation (BIM2Planon), and translating the BIM@SRE guidelines into a
machine-readable format. Additionally, exchange requirements were defined to
quantitatively depict the term “model quality”; a Model View Definition was developed
to specifically indicate data content and format, and different tools (IfcDoc and BIMQ)
were used to configure the MVD and generate an mvdXML. An IFC data model was
created and validated against mvdXML. Limitations have been outlined at each step
of the MVD development and suggested alternative workflows have been discussed.
Examined validation results show, that information management is the key to a suc-
cessful implementation of BIM, which can be achieved by using open specifications

with clear definitions of terms, concepts and information requirements.

6.2 Future work

Based on the evaluated results and observed limitations, suggestions on which ap-
proaches should be pursued by different stakeholders and which areas of work need

further investigations, are discussed.

6.2.1 Stakeholder outlook

Based on the outcomes of this work, suggestions for further development in the follow-

ing aspects, relevant for the building owner Siemens, are presented:

¢ Develop requirement specifications of objects’ geometrical detail level (LoG) to
allow data validation against other internal guidelines and examine further topics
such as fire code compliance checking, structural analysis and others.

e Develop Structural Engineering and MEP exchange requirements templates,

since they are a major cost-driven factor at later project development.
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e Consider the level of fuzziness in the early design phase and implement not
only consistency checks but also consider and examine the information uncer-
tainty percentage of properties and parameters.

e Consider requirement sets for disciplines such as fire and acoustic engineering
that do not require modeling specific objects in the model, but set requirements
for other discipline models, e.g. architectural models.

e Outline further use cases of interest to focus on topics such as life cycle assess-
ment, operation costs and facility maintenance, energy consumption and envi-
ronmental impact.

e Run pilot projects and consult with domain experts to test and improve MVDs
content.

e Emphasize the need for further development of tools such as IfcDoc and BIMQ
to match modern expectations and include all functionalities needed to enable
a cohesive and effective digital requirement transfer.

6.2.2 MvdXML improvements

The lack of standardization in terms of mvdXML development provides a high degree
of flexibility when creating custom ConceptTemplates. This results in the existence of
multiple mvdXML, that serve similar or even identical use cases, but differentiate
themselves widely in their structure and syntax grammar. One of the possible solu-
tions is for bSI to provide mvdXML base documents, which define all needed Con-
ceptTemplates. This approach will limit the users’ development freedom to mainly
setting rules with parameters and validating data, but will also allow software vendors

to specialize in import and export of the unified ConceptTemplates.

The bSI Model Support Group has presented improvement suggestions on the
mvdXML specification at the buildingSMART Summit 2019 (Matthias Weise 2019). The
suggested topics focus mainly on IFC data validation with mvdXML and include fea-

tures like

e Units checks

e Checks for the existence of objects

e Nesting concepts, that allow defining ERs for individual instances
e Use more than one ConceptTemplate in a checking rule

e Conditional statements
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As shown in the scope of this work, developing and configuring a complex MVD, that
fully comprises with the defined exchange requirements, cannot be efficiently used in
the praxis, if the tools that author and validate the data, do not cover the specter of
features, needed for the specified exchange requirements. Nevertheless, such MVDs
could be used for generating an IFC file that complies with a specific quality standard
and guarantees building information consistency. This beneficial scenario has been
acknowledged by stakeholders and the demand for standardization and specifications

arises.
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Attachment B

The enclosed CD contains the following content:

e The written part of the work as a Word document
e The created IFC model and the associated Revit project

e The source code of the developed applications
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