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“Yet, 20 years from now (or probably less), BIM will be labeled something
completely different, include features yet unimagined, and run on
computers that make ours seem as slow and limited as side-rulers. The
theoretical underpinnings, however, remain the same and are based on
the earliest idea that architect transcends the mundane and that
designer-builders need tools to translate their mental models to their

collaborators to achieve their visions.”

Karen M.Kensek, 2014
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ABSTRACT

Building information modeling (BIM) is a powerful collaboration and project delivery concept which is
becoming popular in the architectural and engineering practice. Software developers are constantly
extending the boundaries by introducing new features into their programs, such as support for an
integrated workflow, thus inviting different specialists to participate in the project at earlier design
stages. These type of contributions highlight the importance of decisions concerning the most
effective method to export information, invariant of the chosen data model, be it IFC or gbXML.
Extensions to existing software are also considered, i.e. plugins. Export of simple geometries is tested
within three BIM platforms: ArchiCAD, Allplan and Revit. The main focus of the presented test is
exporting of the building materials data and its preservation in the IFC and gbXML format, specifically
for import into thermal simulation tools. The application and capabilities of EnergyPlus and
ArchiPHYSIK are explored. We summarize our results as a sequence at guidelines and
recommendations suggesting optimal workflows for each BIM platform, as well as design for
“Customizer” application, which assists in mapping of the needed data, on a per application basis,

from IFC or gbXML to the IDF files usable to ArchiPHYSIK and EnergyPlus.

Keywords: BIM, IFC, gbXML, EnergyPlus, ArchiPHYSIK, Allplan, ArchiCAD, Revit, building material,

seamless export



KURZFASSUNG

Building Information Modeling (BIM) ist eine Methode die bei der Planung, Ausfiihrung und
Bewirtschaftung von Gebdauden zum Einsatz kommt. Ziel dieser Methode ist es Gebdudedaten digital
zu erfassen, zu kombinieren und zu vernetzen und diese Informationen auch mittels Computer
Model zu visualisieren. Die Inhalte dieser BIM Modelle gehen von der Geometrie des Gebaudes (iber
genaue Informationen zu Materialien, Konstruktion und Ausfiihrungsdetails bis hin zu Haustechnik
und Installationspldanen etc. Die dafiir verwendeten Programme werden von Softwareentwicklern
stiandig erweitert und durch neue Anwendungen erganzt. Dadurch wird es Spezialisten aus
verschiedenen Fachbereichen ermoglicht, bereits in frihen Entwurfsphasen an Projekten
mitzuwirken. Um diese Zusammenarbeit optimal zu unterstitzen und um Informationen nicht zu
verlieren, ist eine genaue Analyse der Informationsweitergabe zwischen den verschiedenen
Formaten/Programmen die fir ein BIM Modell verwendet werden notwendig. In dieser Arbeit
werden zwei Formate genau untersucht: IFC und gbXML. Mittels eines Beispielmodels mit einfacher
Geometrie wird die Datenlibergabe mit drei verschiedenen BIM-Plattformen untersucht: Archicad,
Allplan und Revit. Ein Schwerpunkt liegt dabei auf der Weitergabe der Eigenschaften der
Baumaterielien mittels IFC und gbXML Format. Besonders fiir Gebaude Performance Simulationen
sind diese Informationen essentiell. In einem weiteren Schritt wird dann die Verwendung der Dateien
fir Energy Plus und Archiphysik Berechnungen bzw. Simulationen analysiert. Das Ergebnis dieser
Arbeit besteht aus einer Reihe von Richtlinien und Empfehlungen, welche einen optimalen
Arbeitsablauf flr alle BIM Plattformen ermdglicht. AuBerdem wird ein Entwurf fiir eine Applikation
vorgestellt welche das Ubertragen der Informationen in die jeweiligen Programme ohne

Informationsverlust ermoglichen soll.



Abbreviations

AEC Architecture, engineering, construction

ANSI American National Standards Institute

APH ArchiPHYSIK file format

BEM Building energy modeling

BIM Building Information Modeling

BPA Building performance analysis

CAD Computer aided design

csv Comma separated variable

DXF Drawing Exchange Format

gbXML Green Building XML

GBS Green Building Studio

HVAC Heating, ventilation, air conditioning

IDF Input data file

IFC Industry foundation class

LEED Leadership in Energy & Environmental Design
MEP Mechanical, electrical and plumbing

MVD Model view definition

OGNI Osterreichische Gesellschaft fiir Nachhaltige Immobilienwirtschaft

(Austrian Green Building Council)

0osS OpenStudio

OsM OpenStudio model

SBT Space Boundary Tool

UTF-8 Universal transformation format

XML Extensible Markup Language
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1 INTRODUCTION

1.1 Overview: origins of BIM

A multi-faceted approach to the design has always been the part of the architectural profession.
Generally, among architects there exists the intuitive understanding of how all the different factors
should be combined together in one building in order to fulfil the purpose of the project. As Kensek
(2014) notes, currently the complexity of building projects translates into increased complexity of
tools used in modeling. What we refer to as “complexity of the project” is not to be understood as
architectural design, but rather as the complexity of collaboration process between the disciplines
participating in a building design: architecture, structural engineering, building performance analysis,
HVAC, electrical engineering etc. In the course of the last ten or fifteen years CAD was integrated in
every one of the aforementioned disciplines insomuch as one could consider it a routine. Using
computers to aid not just the design process but the information flow between the various
collaborators is the goal of parametric modeling. This collaboration is essentially what constitutes the
“1” element in BIM, resulting into the building information modeling, making it the next logical step in

the development of the design tools (Figure 1).

/I
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building building building
drawing modeling information
modeling

Figure 1 Evolution of the building design process

Once the information is forwarded to the software, it immediately becomes “data”. While dealing
with digital data, it becomes important to consider which software is used by the participants of the

project, in which formats are they working and how do they handle the data (information) transfer.

Handling this information correctly, improving the interaction of social values and technology in

design (Kensek 2014), were the hopes and aspirations of the early developers of BIM.

The integrated and collaborative principle of modelling was first introduced as “parametric
modelling” and later transformed into BIM — Building Information Modeling (Van Nederveen and
Tolman 1992, Autodesk 2003). As the ideas of how to improve the process of collaboration and
information exchange developed further, it became clear that it is not only the tools that need to be

modernized in order to respond to the growing complexity of the building design process. We also



need to improve our approach to the design, and we need to do it continuously. Mahdavi (1998)
describes this understanding as “co-evolutionary development”: as we develop the building design
process, we need to improve the tools that we are using. In its turn, the new tools produce the better
approaches to the design and cause further development. Thus, when attempting to study BIM at
the certain stage of development, we have to deal with the intermediate results of the process that

involves the co-influence of human and technology factor.

1.2 Idealized models

Based on the analysis of the collaboration between the architects and other specialists, different
idealized models and scenarios were developed to serve as a guideline for the future software
development. These models discuss such concepts as concurrent engineering (Yazdani and Holmes
1999), integrated project delivery (AIA 2007), interdisciplinary design (Kovacic et al. 2014) and
streamlined parametric modelling. The latter is described in the conceptual scheme by Wei Yan
(2014). This scheme can be viewed as a good outline of the above mentioned ideas with the focus on

the building performance simulation (Figure 2).
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Figure 2 Streamlined parametric modeling, BIM, and building energy modeling, (Yan 2014)

In this case the geometry is altered only in the architectural tools (BIM and parametric tools), after
that the data is transferred to the BPA tools for the analysis. Based on the analysis results, the
building model is changed again in the BIM tool. This process is repeated as many times as it is

necessary for the development of the best performing design option. Such approach is believed to be



one of the realistic scenarios of successful development of the BIM concept (Nasyrov 2015), also

known as BIM 2.0 (Bernstein 2014).

BPA tools embedded into the BIM platform (see 1.3.2) can be considered an attempt to realize the
approach described above. From the BEM point of view, the accuracy of the results produced by the
embedded BPA tool and its usage as a reliable source of information is questionable (Batueva 2014);
the process of modeling is time consuming or novice-unfriendly (Kim et al. 2015). However, this
attempt creates the base for the improved collaboration between architects and energy engineers.
Presently, energy engineers still use their own specialized software to perform the building analysis,
so the embedded BPA part in the BIM platform looks unreasonable and is rarely used. But with the
development of cloud collaboration, energy engineers might be given access to this part of BIM and
in doing so, the necessity of import and export of building data will be eliminated, because both

groups of specialists will collaborate on the common model.

It can be concluded that at the current stage of BIM development, the major goal is to create the
software platform with the maximum level of flexibility and compatibility which will help to detect
and underline the parts of collaboration process that can be improved. While reaching this goal, it
becomes inconvenient to satisfy the requirements of all the specialists (Donn 2014), but it is
necessary to execute this “preliminary” step in order to develop the initial idea of BIM. In some cases

this preliminary step is referred to as BIM 1.0 (Bernstein 2014).

1.3 Background

1.3.1 IFC and ghXML

Various specialized pieces of software were developed to link architecture and building performance
simulation: Autodesk Ecotect 2008-2015, Graphisoft EcoDesigner 2008-present, Green building
solutions by Autodesk, OpenStudio package, etc. Progress in this area has been used to establish the
base necessary for further development and extension of BIM to include the building performance
tools and execute building energy modeling (BEM). Many of these initiatives are based on using the
common data models for the building data exchange: Industry foundation class (IFC) or Green

building XML (gbXML).

IFC data model, developed by the International Alliance for Interoperability, now maintained by
buildingSMART (Building Smart 2006.) is mostly used to export model from BIM software to be used
in civil engineering applications, MEP and HVAC specialists (Dong, et al. 2007). Since the targeted BIM
software supports IFC 2x3, this version is predominantly the focus of current research. MVD (Model

view definition) is an IFC view definition that contains the subset of the IFC schema that is needed to



satisfy one or many exchange requirements in the AEC (Architecture, engineering, construction) . The
“Coordination view” is currently implemented in software to exchange the information between the
architectural design and engineering software. Other view definitions ” have much more specific
application: “Structural analysis view” supports the data exchange between different structural
analysis applications and “Basic FM Hand Over view” assists the data transfer between the design
and CAFM and CMMS applications (Computer-Aided Facilities Management and Computerized

maintenance management system) (Building Smart 2015).

gbXML is an open schema developed by a non-profit organization “Open Green Building XML
Schema” (gbXML.org 2008), of which was designed for the exchange of information between the BIM
and building performance analysis (BPA) tools (Dong et al. 2007). ArchiCAD Cadimage plugin and

Revit support the gbXML 0.36, this version is examined in detail.

In the situation when the preferred workflow lacks accuracy, but the precise BPA models need to be
created, intermediate programs and formats (such as IFC and gbXML) were introduced to execute
temporary connection between the BIM and BEM tools. Capabilities of this approach are limited (see
1.5), so it can only be considered as an intermediate step. In general, research targeting the
improvement of import/export qualities of IFC and gbXML is part of BIM, but it does not claim to
solve the problem of collaboration between architecture and other disciplines. Intermediate
programs and formats are, however, the only part of BIM research that can presently be introduced
in the current practice and potentially lead to improvements in the data transfer process. Overview
of IFC and gbXML development reveals how the essential parameters of the building can be digitally
exchanged across the disciplines and underlines the missing links in the communication process
between specialists. This makes the implementation of these formats an important step of BIM

development.



1.3.2 Current implementation efforts

Several main directions can be outlined in the present software development which target the

improvement of the data transfer between BIM and BEM (see Table 1).

Table 1 Existing types of BIM to BEM connection
Symbolic image Description Examples

1 BIM Energy analysis applications | EcoDesigner for Graphisoft
embedded into the BIM | ArchiCAD, AX-3000
software

BEM part

2 Specific plugins to connect | ArchiCAD > A-Null plug-in >
specific BIM program to one | ArchiPHYSIK,

BIM BEM
—_— —_— BEM tool
@ ‘ I:' Revit > Revit2Radiance >

Radiance (Yan et al. 2013)

3 Programs for post processing | IFC > Space Boundary Tool >
BIM BEM the data from BIM to BEM EnergyPlus,
IFC/ ‘ - . .
© gbXML I:l gbXML > DesignBuilder >
EnergyPlus
4 Plugins for coupling parametric | Ladybug, Honeybee,

BEM design tools and simulation | Galapagos for the

BIM
©__,___ 0 -— [ tools Grasshopper (Rhino); Green

Building Studio (GBS) for

Autodesk Revit

5 Common platforms to connect | DeST, (Yi et al. 2007),
BEM

several BEM tools using IFC or | Autodesk Ecotect Analysis,

BIM / I:l gbXML as import OpenStudio  (Radiance  +
IFC/ ‘ EnergyPlus

O—f—e-E o

To the best of our knowledge, the amount of the programs currently representing each group shown
in Table 1 is decreasing from the second to the last position (the first position is equal to the number
of BIM programs). Typically it is connected to the fact that each following group has greater scope of
operations. As seen in Table 1, Group 3 includes one additional step: export format; Group 4 offers

the feedback mechanism from BEM to BIM; Group 5 connects several BPA platforms together.



The first group consists of the plug-ins or add-ons developed by the large CAD software producers,
such as Autodesk, Graphisoft, Nemetschek, etc. Currently, all of them either have or are developing
BPA add-ons to their tools, which are either included in the software package (free version of
EcoDesigner for ArchiCAD); could be additionally installed (AX-3000) or are online cloud platforms

(GBS for Revit). For more information see section 2.4.

Groups 2-5 contain mixed software, some require commercial license, and the other programs are
freeware. Some BEM to BIM connections are relatively well established and are the result of long

collaboration process between two software producers. These programs comprise group 2 (Table 1).

Since such programs as EnergyPlus and Radiance do not provide GUI or any assistance in visualizing
the simulation results, various applications were developed, which make the usage of simulation
engines easier and faster. Such programs offer additional import and export possibilities among

other extended options. They are included in groups 3-5.

1.4 Motivation

As Nasyrov (2015) noted, the following components are necessary for the building energy model:

geometry, material properties, building systems, site conditions, and building operation information.

Geometry is the foundation of the model, where all other properties are assigned. The quality of the
geometry data transfer is widely covered in current research efforts, including such contributions as
Ivanova (2014), Batueva (2014), Kumar (2008). lvanova in her Master thesis (2014) concentrates on
the export of building geometry information from ArchiCAD and Revit to EnergyPlus via IFC and
gbXML formats. Batueva (2014) studies thoroughly the performance of EcoDesigner embedded into
ArchiCAD-17, including the case studies concerning the optimization of windows’ orientation. Kumar
in his Master thesis (2008) focuses on the interoperability of Revit MEP with the simulation software,
namely Ecotect Analysis and IES <VE>. He takes three file formats into account: DXF, gbXML, and IFC.
As a conclusion, Kumar suggests Revit template file to assist the information transfer between
building and analytical model. The abovementioned studies confirm that import results of the
geometry in BPA tools still require certain amount of post-processing either in the analysis tool, via
the plugins or additional programs (Bazjanac 2009). Site conditions — coordinates and orientation of

the building - are normally transferred together with the geometry (Nasyrov 2015).

Building systems and building operation information are simulation-specific data which in the present

practice are assigned and edited directly in the BPA tool (Nasyrov 2015).



Presented study investigates the transfer of data concerning the building materials from BIM
software to the thermal simulation software. The following reasons motivated the choice of this

particular aspect of BEM:

- Building materials (composites and layers) are specified by the architect in the BIM

model as part of their professional routine.

- ltis easy to evaluate the preservation of the building materials data in the model, but
at the same time the improvement of this process will save the user considerable amount of
time, since he or she does not have to assign the materials manually on all of the building

surfaces after each import instance.

- Both BIM and export formats include the necessary entities for the most of the

required material properties, yet this data is still poorly transported between the programs.

- There exists a manual workflow, for post-processing the models, for insert the
missing material properties, which is done mostly in text editor with the text-based input files.

Presumably such workflow can be coded in the simple application.

1.5 Implementation Challenges

There are different software-related and communication-based issues when facilitating the seamless
information exchange between BIM and BEM on all design stages. The following aspects are based
on discussions with different BIM experts, software developers (see Literature list), as well as the

literature review:

1. Conceptual design stage: loss of data prevents the architects and energy engineers from
exchanging information and performing multiple building performance simulations to evaluate the

design options (see 1.5.1.).

2. Schematic design and development stage: inconsistency within the export and import

formats prevents the seamless data transfer (see 1.5.2).

3. Obscure responsibilities for the BEM parameters in BIM programs (see 1.5.3).

1.5.1 Conceptual design stage

Several issues result in the limited use of BPA during the early design stage. Generally, if the
simulation is performed, it is done during the last stage of the design for the purpose of the energy
certificate (see Figure 2, “Construction documents” phase). However, this might undermine the

reliability of the final outcome due to missing links in collaboration between all the participants in



the planning process. Currently, these issues are being addressed in the embedded energy analysis

applications (Figure 3).

BIM tool
] IFC, gbXML
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Figure 3 Architect to energy engineer workflow

Secondly, it should be pointed out that the simulation model is not necessarily the exact copy of the
architectural model (Kim et al. 2015, O’Donnell et al. 2013). Such elements as building zones (rooms)
are the main focus of this discussion. Even in the case when each architectural room stamp results in
the same building simulation zone, there is still a difference concerning how the borders of the room
are defined. For ArchiPHYSIK, the outside boundary walls should be included into the room
boundaries, while architectural room stamps show the netto areas without the walls. This means
that different zones should be established for the architectural and for the thermal building analysis
purposes. Meanwhile, in such programs as Revit, it is impossible to create two different room stamps
inside one space. There is little control over the properties of the spaces and the elements included
(e.g. the building phase of the room is defined by the elements forming this space). Additionally, in
many cases in the energy simulation, several architectural rooms are typically grouped in the larger
zones (as shown in Figure 4). Furthermore, during the simulation various zone layouts might be

needed per one architectural design stage.



Architectural room stamps

® ® ® @® @ @ " ©®)]
Figure 4 Architectural room stamps and thermal simulation zoning of the hospital building.

One more issue refers directly to the topic of the presented study - transfer of building materials
data. Arguably, it is not necessary to have the detailed information about the material layers the
early design stage, so the mapping and manual assighment of the materials (like in SBT or
OpenStudio plugin) can be accepted as adequate data transfer (see 2.4). As an option, material layers
can be simplified as one layer representing the thickness and the U-value of the composite. At the
same time, the architect/contractor might want to know what material range is applicable for the

particular design option, so the more detailed material information might need to be simulated.

1.5.2 Schematic Design and Development Stage

The problems which occur during the schematic design and development stage refer to the
inconsistency of two export formats being employed today, more precisely, the IFC and gbXML (Dong
et al. 2007). Both of the formats are open schemas, they are capable of storing the required

information and are expandable (see Appendix A).
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However, spatial organization of the geometry in the IFC is one of the biggest obstacles in using it for
the thermal simulation, as building elements are split into multiple surfaces, thus retaining the
thickness of the element geometrically. (see Figure 5). It is known that simulation programs require

surface data and add the thickness of elements analytically, as it is executed in the gbXML.

surfacel, attached to Room1

surface2, attached to Room2

ROOM 2

IfcWall1

one wall, 6 surfaces

IFC

space boundary at the centerline of the wall

ROOM 2

surface “Wall1”

surface “Wall2”

gbXML

Figure 5 Geometrical structure of the IFC and gbXML

1.5.3 Obscure Responsibility for the BEM Parameters in BIM Programs

The final point refers to the issue of missing links between BEM and architectural modeling.
(Hitchcock and Wong 2011) More precisely, energy engineering requires additional information (e.g.
material parameters) that is not stored in architectural model, due to the overlapping responsibilities
with the architect. Therefore, if nobody is responsible for the simulation parameters in the BIM
model, they will not be specified or their export to the gbXML and IFC will not be supported. This way
the models for most of the BPA simulations are created using programs such as SketchUp from

scratch, and the original geometry from BIM is used only as a reference.
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1.6 Thesis structure

The rest of the thesis is structured as follows.

At the beginning of the “Method” chapter the criteria for the quality of the data export are defined
together with the research questions and workflows to be tested. The basic geometry test case is
described in the detail with the elaboration on which material-geometry relations were already taken
into account prior to the tests. At the last section of the chapter it is explained why the particular

software was considered for the chosen workflow and research questions.

“Results” chapter is split into 5 sections corresponding to the number of steps that were executed
during the data transfer tests. It is explained, what should be taken into account on each step of the
export and import in order to maximize the preservation of the material parameters that are
relevant to the thermal simulation. The results are then summarized in the final sections with the
relevance to the two simulation programs in focus — 3.4EnergyPlus and 3.5ArchiPHYSIK. On the
second step the summary for each BIM platform is also available - 3.2.1 Allplan, 3.2.2 ArchiCAD,

3.2.3 Revit.

The results are then further evaluated in the “Discussion” chapter. Sections of this chapter are
organized in accordance to the Research questions, that are first formulated in the “Method”

chapter.

Section 4.1 responds to the first research question “Comparing IFC and gbXML, which format
performs better for the building material information transfer from BIM to BEM?” Section 4.2
responds to the second research question “On which step of the data transfer does the loss of the
information occur and why?”. Section 4.3 responds to the third research question “Is there potential

to improve the material mapping from the IFC/gbXML to the simulation files?”

IFC and gbXML are compared in terms of their capacity to store the relevant information, their
performance during the import/export process and the range of the BIM and BEM programs that
currently support these exchange formats. Two suggestions towards the improvement of data
transfer process are described in this chapter: energy analysis preview for BIM and Customizer
program. The latter is provided with the description of the workflow draft in the UML language and a

sketch of the desired user interface.

The outcome of the thesis is then summarized in the final chapter “Conclusion and

recommendations”.
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2 METHOD

2.1 Research questions

2.1.1 Comparing IFC and gbXML, which format performs better for the building material
information transfer from BIM to BEM?

a) What material-related options can be specified in each of the BIM software, what is their

potential for the further export to IFC or gbXML?

The question is related to the BIM programs — Revit, Allplan and ArchiCAD — and their potential of
exporting the information to gbXML and IFC formats. It is studied how the building material
information is entered in each BIM software, on which step is the information assigned and to which
objects of the building model (e.g. can the parameters be specified for the layer or only for the whole
building element, is there a possibility to create the custom material parameters, what parameters
are available in the program library et al.) It is also studied, is there any additional plugins to improve
the process of exporting gbXML or IFC from BIM program or whether the program has the specific

workflows that focus on the export of parameters to the above mentioned formats.
b) What is the capacity of each format to transfer the information relevant to BEM?
The following criteria were used to compare the export formats:
- the scope and history of implementation in BIM software and BEM software

- the amount of relevant information that was preserved by BIM software in the files of each

format

- the amount of post-processing that is needed to extract the relevant information from the

gbXML or IFC file
- the availability of model-checking tools for each format.

Method: simple geometry case is created in each BIM program and then exported via all available
options: IFC, gbXML or direct plug-ins, connecting BIM with BEM. Information transfer process is split
into 4 steps and each of them is documented. Export formats are then evaluated against the above

mentioned criteria, based on the current study results and literature research.
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2.1.2 On which step of the data transfer does the loss of the information occur and why?

a) Does the geometry influence the material data export? (If yes, in what way)

The presented study does not concentrate on the geometry. However, building materials cannot be
present in the model without geometry, hence it is necessary to define the minimum geometry
requirements, that should be satisfied in the model to consider the quality of building material data.
Additionally, it should be detected if the geometry layout has an influence on the quality of building

material data.

Method: the process of creating the model in Revit, Allplan and ArchiCAD was thoroughly
documented, different options inside the test case were examined where necessary — various layouts

of wall reference lines, templates and building element properties, et al.
b) What kind of information is lost on each step of data transfer?

In order to improve the quality of data transfer, concrete occasions of missing building materials
information were detected. After studying the documented process of creation and export of the
models, it is suggested which action led to the absence or misinterpretation of the certain data in the

resulting building energy model.

Method: similar to 2.1.1 a) and b).

2.1.3 Is there potential to improve the material mapping from the IFC/gbXML to the
simulation files?
a) State of the art in data transfer
Issues in BIM to BEM data transfer cannot be solved with one plugin or application. That is why long-
term and short-term goals are set in this area. Consecutive understanding of the current research is a

basis for the improvement suggestions.
Method: literature research, communication with BIM experts (personally, via forums or emails.)
b) What can be done to improve the data transfer on its current stage?

The last research questions deals with the overall results of the study, the potential to improve the
material data mapping. The results of the tests are viewed in connection with the current efforts in

the area of BIM to incorporate BEM and with the long-term goals for the future development of BIM.

Method: similar to 2.1.1 a) and b).
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2.2 Overview

In contrast to the geometry, which has complicated import-export diagnostics (lvanova 2014), there

are only three aspects that are important for the building material data in the thermal simulation:
1. Building material composite consists of corresponding layers
2. Material layers have the necessary physical parameters (thickness, conductivity, density, etc.)

3. Building material composite is assigned to the corresponding building element of the

geometry (wall, roof, slab, etc.)

These aspects of building material data are used as the framework for the evaluation of the quality of
the information transfer. Autodesk Revit 2015, Nemetschek Allplan 2014, and Graphisoft ArchiCAD
17, 18 were used as BIM platforms. Information was exported in 2x3 IFC and 0.36 gbXML for further
transfer to the EnergyPlus 8.01 and ArchiPHYSIK 11. In one of the cases the direct export from the
ArchiCAD to ArchiPHYSIK was executed (Figure 6).

/ T -

ENERGY PLUS
—~ GBS (gbXML made by Revit)

S "
Open studio -—

(plugin for SketchUp)

A-Null plugi
ARCHIPHYSIK = for ArchiCAD

\ Archiphysik Open studio
(plugin for SketchUp) (plugin for SketchUp) _

Figure 6 Workflow for the tests



2.3 Modelling the test case

To answer the first (2.1.1) and the second (2.1.2) research questions, the basic geometry case was
developed, containing all the typical building elements that are relevant for the thermal simulation:

walls, floor slab and roof to define the interior space and two openings — door and window (Figure 7).

Test building model contains the basic geometry scenario with homogeneous layers of the materials.
Inhomogeneous layers were simplified to contain only one material (since neither IFC 2x3 nor gbXML

0.36 have the capacity to export the non-homogeneous layers). The full list of Materials with English

translation can be found in the Appendix B.

568
i

[>e]
<o)
0|

DAl 01 b Timber rafter pitched roof

Doublewoodenwindowswith insulatingglass

o [=]
=] =
I I
<t =t
H .
503 3994 503 503 8994 503
5000 10000
Wall AWI 01 a Holzstander-AuBenwand, hinterluftet Slab AWI 01 a Holzstander-Aufienwand, hinterltftet
AWI 01 a Composite wooden ventilated external wall AWI 01 a Compositewoodenventilated external wall
Roof DAIO1 b Holzsparren-Steildach Window | Holzfenster mit 2-Scheiben-Warmescgutzverglazung

e

North

External boundaries m m?
Southern, Northernwall | 5%4,2 21
Window 3*1,8 5.4
Eastern, Westernwall 10%4,2 42
Door 1*2,1 21
Floor 5*10 50
Interior boundaries

Southern, Morthernwall | 3,94*2,98 | 11,7
Window 3*1,8 5.4
Eastern, Western wall 9*2,98 26,8
Door 1*2,1 21
Floor 3,94%9 35,46

Previous knowledge and experience gained during the BIM Sustain project course at the TU Wien

was used in modeling the test case (see Kovacic et al. 2013, 2014). The following details were taken

Figure 7 Test case

into account while creating the model:
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ArchiCAD: wall reference line was set to “face”. This was due to the fact that if the wall
reference line is set to “core”, ArchiPHYSIK plugin does not read the areas of the wall correctly
(Figure 8, Figure 9). See also Figure 7 for the area reference. While the reference line was
changed (Figure 8), the geometry was adjusted in such a way that the outside dimensions are
equal in both cases before the export to ArchiPHYSIK (Figure 8). It is important to note that
generally ArchiPHYSIK requires the external surfaces of the geometry, while EnergyPlus requires
the internal boundary. However the results of the tests for this property have certain degree of

inconsistency and require further investigation.

g| <@ 01 Aussenwae. .. 'H == J =g |z Inside Face ’” = | JE]_. |[|:|]]M“rl0.1aHol... '| Flo

Others'
(£ EEI
ressle. Courtesy of Graphisoft Ol
L 200 O L
il [
Exterior 0.1
B: <Badenbelag> |
Wall (Selected)
F: 50,00 |"|"|2 | Structure: AWl 01 a Holzstander-AuBenwand , hinterliifte
| Base Elevation: -0,663
______________ Thickness: 0,504
e Height: Mot linked
) Layer: 01 Aussenwasnde
l
|
Room 0.1 |
|
B: <Bodenbel ag>
F: 3590 m?2 |
|

|0 [@aweea

E \E“ <@ 01 Aussenwae... '| [ = J L |@ Care Inside .

E Lay Oth
| B EE~|
jon, not for resale. Courtesy of Graphisoft
—
Q
F 200 | d) ¥
wall (Selected)
Structure: AWl 01 a Holzstander-AuBenwand , hinterlifie
| Base Elevation: 0,563
- Thickness: 0,504
EXte" or 0-1 | Height: Mot linked
Layer: 01 Aussenwaence
| Mulfiple Blements (TAB)
o2 27 I .
|
Room 0.1
B: -:Bodenbejag:-
F 37,87 m2 |
|
|
L

Figure 8 Wall reference line in ArchiCAD 17 (shown in blue)
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ArchiCAD wall reference line "core inside”

Elbersir:htl Grundfldche und Vclurnen| Gebdudehille |An|a.genantei|e| Verbesserungsmaknahmen OIS—BEWErtungI LCA-Bewertung

Typ | BilNr. |Bezeichnung Azimuth | Orie..ung | Meigung |innen au... | ber..igen | tr..eil | Anzahl _Fliche ..t
AW o001 AW 01 a Holzstdnder-Aulenwand, .. 270,00 W 50 Wohnen Au. s 5,53
AW 0001 AW 01 & Holzsténder-Aulenwand, ... 0,00 M 20 Wehnen Au. Ja 4,44
AW aoo1 AW 01 a Holzstdnder-Aulenwand, ... 50,00 o 50 Wohnen Au. s 9,74
AW 0001 AW 01 & Holzsténder-Aulenwand, ... 180,00 =3 20 Wehnen Au. Ja 423
AT oopoz IFC Door - Single Swing 50,00 o 50 Wohnen Au. s T 1 210
AF aoo1 IFC Window - Single Panel 0,00 N 20 Wohnen AU Ja T 1 .40
AD ooo3 ADh 01 b Massivholzdede C5 0,00 H 0 Wohnen Au. s 35,90
AD aooz DAl 01 b Holzspamen-Steildac 180,00 H ) Wohnen AU Ja 35,90
ArchiCAD wall reference line "inside face"
| Ubersimtl Grundfléche und Valurnen| Gebdudehille |An|agenanteile Verbesserungsmaknahmen | Ol3-Bewertung | LCA-Bewertung
Typ |BilLMNr. |Bezeichnung Azimuth | Orie...ung | Neigung |innen au... | ber..igen | tr..ei Anzahljl | Flache ..nt
AW 0001 AWI 01 a Holzsténder-AuBenwand,... 270,00 W a0 Wohnen Au... Ja 42,00
AW 0001 AWI 01 a Holzsténder-AuBenwand, .. 0,00 M 20 Wohnen Au.. Ja 15,49
AW 0001 AWI 01 & Holzsténder-Aulenwand, ... 90,00 o] 30 Wohnen Au... J= 39,79
AW 0001 AWI 01 a Holzsténder-AuBenwand, .. 180,00 s 20 Wohnen Au.. Ja 20,79
AT 0002 IFC Door - Single Swing 90,00 o] 30 Wohnen Au... J= T 1 2,10
AF o001 IFC Window - Single Panel 0,00 M 20 Wohnen Al da T 1 5,40
AD 0003 ADh 01 b Massivholzdecke C5 0,00 H a Wohnen Au... J= 35,90
AD aooz L&l 01 b Holzspamen-Steildac 180,00 H a Wohnen Al da 4777

Figure 9 Influence of the wall reference line in ArchiCAD 17 on the surface areas in ArchiPHYSIK 11

ArchiCAD: the names and layers of the composites were taken from the Baubook — one of
the embedded ArchiPHYSIK databases. If ArchiPHYSIK finds the name of the layer in its

database, it automatically assigns the necessary properties from the database.

Allplan: building element layers were simplified to fit the program, since it only allows up to 5
layers for the walls and roofs and single layer for the slab. Example for the roof simplification
is shown on Figure 10. Layers 2 and 3, 5 and 6 were united (red circles on Figure 10) and layer
8 was added to layer 4. Inside the inhomogenious layers only the insulation layers were
taken — in this case “Holz, schnittholz” — Sawn pine wood — was ignored. This way 5 layers

were taken for the Allplan (red circles) and layers 7 and 9 were completely ignored.
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DAI 01 b Holzsparren-Steildach

Decke, Dach, 30°: Flach- oder Schragdach gegen AuBenluft - hinterliiftet - Warmestrom nach oben

U-Wert *

Figure 10 Simplified Roof layers for Allplan 2014
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Software

d
Nr. Typ Schicht cm
Dachziegel Ton 2,500
l Inhemagen (Elemente ldngs bzw. normal zur Traufe) § cm 3,000
53,1 cm (85%) Luftschicht stehend, Warmefluss nach ol 3,000
9,4 cm (15%) Holz - Schnittholz Nadel, rauh, lufttrocken 3,000
l Inhomogen (Elemente quer bzw. parallel zur Traufe) 5,000
56,3 cm (90%) Luftschicht stehend, Warmefluss nach ol 5,000
6,3 cm (10%) Holz - Schnittholz Nadel, rauh, lufttrocken 5,000
o Holzfaser-Dammplatte, pords (200 < roh <= 240 kg/m?®) 8 2,000
l Inhomogen (Elemente langs bzw. normal zur Traufe) 10,000
56,3 cm (90%) Flachs ohne Stiitzgitter 34cm 10,000
6,3 cm (10%) Holz - Schnittholz Nadel, rauh, lufttrocken 10,000
I Inhomogen (Elemente quer bzw. paraliel zur Traufe) 24,000
56,3 cm (90%) Flachs ohne Stiitzgitter 24,000
6,3 cm (10%) Holz - Schnittholz Nadel, rauh, technisch ¢ 24,000
7 OSB-Platte 1,800
\ 8 l l Inhomogen (Elemente léngs bzw. normal zur Traufe) 6,000
56,3 cm (90%) Schafwolle Dammfilz 6,000
6,3 cm (10%) Holz - Schnittholz Nadel, rauh, lufttrocken 6,000
i Gllpsfaserplatte 25 -em 1,250
o Gipsfaserplatte 1,250
R./R, =
R'/R" (max. relativer Fehler: 2,5%) =
Bauteil 56,800

BIM and BPA programs which allow the multi-layered structure of building elements have different

terms for the layers and the element as a whole (see Table 2). To avoid confusion in this work the

term “layer” is used for the single layer of the building element, and the term “composite” is used to

represent the composite structure as a whole. Layers combined into composite are referred to as

III

“materia

Table 2 Terminology for the multi-layered materials in the software

|
ArchiCAD Building material Composite structure
Revit Material Construction
Allplan Layer Wall/Roof/...
ArchiPHYSIK Schicht Bauteil
Energy Plus Material Construction
IFC MaterialLayer MaterialLayerSet
gbXML Material Construction, Layer
Layer Composite
Current study

Layers combined into Composite = Material

A R AOI3

W/mK  m?K/W Pkt/m?

; 213
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‘0

0

0

0,055 0,364 9

0,050 2,000 3

0,120 0,833 -1

0,050 4,800 8

0,120 2,000 -1

0,130 0,138 4

0,040 1,500 2

0,120 0,500 0

0,270 0,046 6

0,270 0,046 [
0,100/ 0,100
8,419/8,010

8,214 49
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Autodesk Revit Architecture, Nemetschek Allplan and Graphisoft ArchiCAD are software tools for
architects to create the building models. All these tools, during the last decade, are slowly
transforming from CAD (computer aided design) to the BIM concept. These programs are fairly
similar in their usability and basic functions. Architects mainly choose between competing software

based on personal preference.

EnergyPlus (US Department of Energy 2015) is an open source, whole building energy simulation
program with text-based input and output. EnergyPlus allows the user to simulate the building
performance based on the input model. The output parameters can be calculated for the different
time periods, based on the weather files and building model data. Any location on Earth can be
calculated, as long as there exists a weather file, so the tool is used worldwide. Simulation file format
is IDF. EnergyPlus is the result of merging two simulation engines: DOE-2 and BLAST. Various
graphical user interfaces (GUI) are developed for this program. More precisely, OpenStudio for

SketchUp and Space Boundary Tool are discussed here.

ArchiPHYSIK (A-NULL 2015) is a building certificate and energy analysis software, developed and
mainly used in Austria. This software contains the material databases, energy certificate framework,
013 and OGNI certification norms, evaluates the sound insulation and vapor diffusion. ArchiPHYSIK

imports APS and APH model files.
The following plug-ins and intermediate software were used for the presented contribution.

Space Boundary Tool (SBT) (Berkley Lab 2015) is a tool for post-processing IFC files for the
EnergyPlus. SBT imports IFC, calculates space boundaries, recognizes the materials from the IFC file
and maps it with the composites and layers (“constructions” and “materials” respectively in
EnergyPlus) from the user-specified IDF file. It then combines the space boundaries, mapped
materials and other necessary information from the IFC (such as site conditions) into the IDF file for

the EnergyPlus.

Green Building Studio (GBS) (Autodesk GBS 2015) is cloud-based energy-analysis software which
supports the script-based generation of scenarios for the optimization of the building performance.
GBS is a direct successor of Ecotect Analysis (Autodesk 2015), whose functions were distributed
inside the Autodesk architectural package. GBS only successfully imports the gbXML files made in
Autodesk application, but unlike other BPA tools made for the BIM platforms, it also supports export

to an external energy analysis tool — EnergyPlus.

OpenStudio (NREL 2015) is a collection of software tools for the BEM using Radiance as a daylight

engine and EnergyPlus as a whole-building performance simulation. OpenStudio plugin for SketchUp
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allows the import of gbXML files into SketchUp; then user can edit the OpenStudio model (OSM) file,

assign materials and export them to the IDF file for EnergyPlus.

ArchiPHYSIK plugin for SketchUp (A-NULL 2015) exports the SketchUp models to ArchiPHYSIK. Used in
combination with OpenStudio plugin, this add-on allows the transfer of information from gbXML to
ArchiPHYSIK. A-Null plugin for ArchiCAD that exports the geometry from this particular BIM platform
to the ArchiPHYSIK is also available.

SketchUp 2013 (Trimble 2013) was used for the tests as an intermediate software (in combination
with the plug-ins) and as a gbXML viewer. Additionally, FZK viewer (KIT 2015) was used for the visual
model checking and GUI for the gbXML and IFC file structures. To analyze the IFC structure the IFC
text tree viewer was used (GeometryGym 2015). GbXML and IFCs were also viewed and visually

checked with the help of XML-viewer.

The following simulation plug-ins and add-ons were considered within the chosen range of BIM and

BEM software but declined for various reasons:

- Vectorworks software (Nemetschek Vectorworks 2015) is mentioned by Cemesova (2013)
among the existing BIM authoring tools from Nemetschek. Vectorworks exports model to
gbXML and IFC. However it is arguable that it can be considered a BIM tool, since it does not
store the parametric information (Cemesova 2013). And even with its limitations, Allplan is

more wide-spread in Austrian design practice than Vectorworks.

- AX-3000 (AX3000 2015) - commercial plugin for the energy simulation, energy certificate and
HVAC systems developed in Austria. It can be installed on to AutoCAD/ADT/MEP 2015, Revit
Architecture 2015, ALLPLAN 2015 and BricsCAD V15. This tool is mostly used for the
estimation of the architectural design. However, it does not offer any connection to the

other simulation programs.

- DesignBuilder (DesignBuilder 2015) - fully featured EnergyPlus user interface, developed in
the UK. Imports gbXML files, exports IDF, Radiance and CSV report files. While importing
gbXML does not support the import of the materials, it offers instead to overwrite them with

the materials from the template file.

- Simergy (Berkley Lab 2014) - fully featured EnergyPlus user interface, developed in the US.
Imports IFC files, exports IDF files. Only part of this platform - more precisely, SBT - was used
as a standalone application, since it offers the mapping of the materials. Simergy platform

itself has the limited options of user control over the materials.
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EcoDesigner (Graphisoft 2015, EcoDesigner Star) — simulation add-on for ArchiCAD. It is
available in two versions: default installation package with ArchiCAD and EcoDesigner Star
version, which should be purchased separately. It is claimed that the gbXML export function
is available in the commercial version of the plug-in. According to the e-mail communication
with the Graphisoft helpdesk, the EcoDesigner Star plug-in is not available in Austria, because
it is designed to support LEED norms, which are not applicable in this region. Instead,
ArchiPHYSIK is used in Austria. It is important to note, that the absence of EcoDesigner Star
on the Austrian market might potentially be limiting the quality of gbXML export, which is

currently performed by the external CAD-image plug-in.

Autodesk Ecotect Analysis (Ecotect 2015) - stand-alone energy analysis tool developed by
Autodesk, US. Ecotect Analysis was widely used for the visualizations of the simulation
results and BPA. Starting from March 2015 Autodesk has terminated the purchase of licenses

and elaborated how the Ecotect features are distributed within the Revit product family.

Ifc2SketchUp (Cadalog Inc 2015) — is a plugin for SketchUp 8 and 2013 versions to import the
IFC files. The 2015 version of SketchUp has the embedded IFC import. However, none of
them are applicable for the current study, since the intermediate tool is required to alter the

geometry for the energy simulation, such as SBT tool (See 1.5).

Simplebim (Datacubist Oy 2015) — is a tool to edit, enrich and validate IFC models. It has the
potential of editing the IFC model and might be used to assist the data transfer from IFC to
APH. However, the application of this workflow (IFC > Simplebim > SketchUp plugin >
ArchiPHYSIK) can be seen as limited, because ArchiPHYSIK is a local tool mostly used in
Austria. In general, people involved in Austrian BIM use the ArchiCAD to ArchiPHYSIK plugin
or SketchUp plugin (as mentioned by Mathias Bader from ArchiPHYSIK Helpdesk in an email

communication).

Revit to ArchiPHYSIK plugin. ArchiPHYSIK 12 manual (A-NULL Development GmbH 2015)
confirms that there once existed a special plugin for the direct export of the Revit geometry
to ArchiPHYSIK. Workflow video can be found on the official A-Null Youtube channel
(ArchiPHYSIK — Energieausweis 2015). However, the support of this plugin was terminated for

the reason as the above mentioned software.
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3  RESULTS

Four basic steps in the information transfer can be outlined:

1. Specification of the parameters in the BIM model (see 3.1)

2. Export from the BIM tools to the IFC and/or gbXML (see 3.2)

3. Import to the intermediate software (SBT, SketchUp, GBS) (see 3.3)

4, Import to the thermal simulation tools (ArchiPHYSIK, EnergyPlus) (see 3.4, 3.5)

Each of these steps influences differently the quality of the building data. During each step multiple

model checking operations were performed to detect the possible loss of the information.

Before the tests were executed, the list of required parameters for EnergyPlus and ArchiPHYSIK was
compiled. Subsequently, the availability of these parameters in the BIM platforms and export
formats was analyzed (see Table 3). It is important for the thermal simulation that all these

parameters are specified for the layers of the material and not for the composite or building element

as a whole.
Table 3 Availability of the layer properties in BIM platforms and export formats
N Property name, units Allplan | Revit ArchiCAD IFC gbXML
1 Thickness [m] + + + + +
2 Name tag + + + + +
3 Thermal Conductivity + + + + +
(Lambda) [W/(mK)]
4 Density [Kg/m’] = + + - n
5 Specific heat - + + + +
(Heat capacity in
ArchiCAD) [J/(kgK)]
6 Roughness [string] - = = - B
7 Water vapor diffusion - - = - -
resistance factor (p)

Parameters 1-6 are relevant both for the EnergyPlus and ArchiPHYSIK. However, the last parameter is
a part of the ArchiPHYSIK input only. It is clear from the table that the roughness and water vapor
diffusion resistance factor for the layers are missing in the BIM programs. Furthermore, IFC 2x3 and
gbXML 0.36 do not have the corresponding parameters in the schema. They can be specified as
custom layer parameters for some building elements in Allplan. The other two BIM platforms do not

have the possibility to create the custom material layer parameters. ArchiCAD IFC Manager allows
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creating any custom parameter that is needed, but only for the whole building element, and not for

the layers.

3.1 Specification of the parameters in the BIM model

During the early stage of the presented research, the potential for BIM tools to specify information
will be evaluated. Different workflows for each tool are examined and compared, and any specific

requirements of the model are highlighted.

As it was already mentioned, Allplan up to version 2014 allows only a limited number of layers to be
added to building elements, which restricts the accuracy of the model (Figure 10). At the same time,
any custom properties for the layers or for the building elements can be created in Allplan for the
multi-layer elements. Custom properties for the building elements can also be created (Figure 11).
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Figure 11 Creating the custom parameter in Allplan 2014

ArchiCAD has special plugin to transfer the information to ArchiPHYSIK. For the EnergyPlus ghXML
was used. The export to gbXML in ArchiCAD is executed via a plugin and not via the embedded
export, thus, the requirements of the model are stricter than in Revit (see 2.3). There is a possibility
in ArchiCAD to edit the IFC settings of each building element, but not the element class (Figure 12).

This way the user gets more customization power over the future IFC file. It also complicates the
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work, since the user needs to assign the same properties twice — first in ArchiCAD itself and then in
the IFC section (mapping manager is available). However, it guarantees that the information will be

fully exported. The group editing can be done via the “Find and Select” option. All this advanced

editing is not available for the material layers, only for the building element as a whole.
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Figure 12 IFC wall properties in ArchiCAD 17

In Revit the both gbXML and IFC export was tested. Information from IFC format is extracted with the
help of SBT (see Figure 6). Revit has a large number of available material properties, while ArchiCAD

has only one group related to the simulation called “physical properties”.
Custom parameters can be assigned to the building elements, but not to the layers (Figure 13).

Generally, the creation of the simulation-friendly model in BIM often involves very specific workflow
from the first steps of design (Howard 2007). The larger the number of plugins, the more specific are

the requirements to the initial model to avoid the loss of the information.
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Figure 13 Custom material parameter in Revit 2015
3.2 Export from the BIM tools to the IFC and/or gbXML
The results of the second step of export are summarized in Table 4.
Table 4 Required BEM parameters and their preservation on the first step of export
Allplan ArchiCAD Revit
Property name, units IFC IFC ngML:l IFC | gbXML
Thickness [m] + + + + + + + +
Name tag + + 4 + + + + S
Thermal Conductivity (Lambda)
[W/(mK)]

Density [kg/m3]

Specific heat (Heat capacity in

ArchiCAD) [J/(kgK)]
Roughness [string]

Water vapor diffusion resistance

factor ()
1 — with the assistance of CADimage plugin
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It appears from the tests, that there is a group of basic material parameters that are well exported
from all BIM platforms to the export formats. For the IFC it is connected to the MVD — model view
definitions and the translator types that are implemented in the software. In the present
contribution these parameters are referred to as “basic material layer parameters”. They include the
names and the thickness of the material layers, their association with the composites and the

building elements.

It should also be mentioned that IFC supports ANSI character encoding and gbXML uses UTF-8.
Consequently, the special characters, such as G, &, B, etc., are displayed hexadecimal while viewing
IFC (Building Smart 2014). Since ArchiPHYSIK uses XML for its materials library, including the markup
characters in the material name causes problems during the import of the APS file (this includes

characters such as “<”, “>”, “/” and “=").

3.2.1 Aliplan

Allplan 2014 does not export gbXML, which is adopted by many programs that assist the transfer of
the information from BIM to BEM. This makes the use of Allplan models very limited unless more

plugins will be created for the BPA tools to import IFC files.

The fact that Allplan 2014 does not allow the full material composite to be modeled in one single
element, can be viewed as a serious obstacle for the efficient BIM to BEM data transfer. Two
workarounds are possible for this situation: splitting composite in several elements and simplifying
the composite. The second approach was taken in the current study, as mentioned in the 2.3.
However, the approach with simplifying the composite requires engineer’s involvement at the stage

of building a model, which is not always the case in practice.

It is notable that Allplan is able to export the physical properties of the layers to the IFC (lambda
value, of which was chosen from the catalogue, and specific heat, of which was custom created are
exported), but only for the outside layer of composite, and only using the “Single property value”
category instead of using the “Ifc material property” category existing in the scheme (Figure 14,

Appendix A).
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Figure 14 FZK viewer: outside layer parameters in the IFC created by Allplan 2014

The general IFC structure for Allplan is shown on Figure 15. Information represented by “...” is shown
in Table 5. On the left side of the table the larger IFC classes are shown (such as “Wall”), while

towards the right side of the table classes become smaller.

IFC Building Storey [Allplan] ."
s’
IFC RelContainedSpatialStructure >
Doors Roofs Slabs Walls

IFCDoor IFCRoof IFCSlab IFCWallStandardCase
| | | (Composite name)

IFCMaterial
()

Figure 15 IFC file structure as exported from Allplan




Table 5 Exported IFC Allplan parameters, relevant to the thermal simulation
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etUsage

et

IFCRoof IFCPropertySet IFCComplexPrope | IFCPropertySingleValue | Outside Layer
(‘AllplanAttributes | rty - Layer name
’) ('ObjectLayerAttri - Lambda value
butes’, “Layer N') - Specific heat
(custom property)
Other Layers
- Unit
-NOIl_UUID
IFCSlab IFCBuildingEleme IFCMaterial
ntPart (Layer name)
IFCSlab IFCPropertySet IFCPropertySingle
('Pset_Slab_Com Value
mon’) ('Thermal
Transmittance’)
IFCPropertySet IFCPropertySingle | Layer name
('AllplanAttributes | Value - Unit
’) -NOI_UUID
IFCMaterialLayerS | IFCMaterialLayerS | IFCMaterialLayer IFCMaterial

(Composite name)

IFCWallStandard
Case
(Composite name)

IFCMaterialLayerS
etUsage

IFCMaterialLayer

IFCMaterial
(Layer name)

IFCPropertySet
('AllplanAttributes
)

IFCComplexPrope
rty

('ObjectLayerAttri
butes’, ‘Layer N’)

IFCPropertySingleValue

Outside Layer

- Layer name

- Lambda value

- Specific heat
(custom property)
Other Layers

- Unit

- NOI_UUID

3.2.2 ArchiCAD

The latest version of the software — ArchiCAD 18 at the moment (July 2015) does not support the

export to the gbXML. The Cadimage plug-in for ArchiCAD 18 is under the development, so the

ArchiCAD 17 and the previous plug-in were used to export the gbXML. The resulting gbXML does not

contain information about the physical properties, only the basic material properties are transferred.

There are certain guidelines to be followed when setting the interior and exterior zones of a model

(Cadimage Group Limited 2015).

IFC export in ArchiCAD has an advanced system of customization, including assistance for the

property mappings from the ArchiCAD model to the IFC model. However no customization is

available for the material layers, only for the building components as a whole. As a result ArchiCAD

exports the basic material parameters.

The general IFC structure for ArchiCAD is shown on Figure 16.
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IFC Building Storey [ArchiCAD]

IFC RelContainedSpatialStructure

N

Windows Doors Slabs Walls

| / 0\

IFCWindow IFCDoor IFCSlab IFCSlab IFCWallStandardCase

\ / (‘'FLOOR)  (‘ROOF)

]
IFCMaterialList "

IFCMaterial
| IFCMaterialLayerSetUsage IFCPropertySet
Material name ('Pset_[Slab/Roof/WalllCommon')
IFCMaterialLayer IFCPropertySingleValue
IFCMaterial - Acoustic Rating
(Layer name) - Thermal Transmittance
- Fire Rating

*%

** _ parameters are not relevant to BEM

Figure 16 IFC file structure as exported from ArchiCAD

3.2.3 Revit

Revit (versions 2014 / 2015) is the only BIM program in selection which has the embedded gbXML
export. As a result, all the information which was specified by the user in the layer properties is
preserved in the gbXML. As seen from Table 4, Roughness parameter is presented in Revit and in the
both export formats, while its specification in Revit is quite ambiguous. It can be found in the “Type
properties” window, which contains the properties of the composite together with the building
element. There the user can specify a value between 1 and 6. It is then exported as a description to
the gbXML, in the test case the value “3” corresponds to the “VeryRough” characteristic of the
“Construction” class in gbXML. In the exported IFC file the parameter has a value “1”. There is no
reference in the Autodesk Help files about how are those parameters exported. GBS automatically
assigns “Rough” to all material layers while OpenStudio assigns “Smooth” to all layers as a default
setting. According to the Input-Output reference (EnergyPlus 2015), Roughness material parameter

has an influence on the exterior convection coefficient in the Energy plus.

The default IFC exporter in Revit is very basic, however it includes the basic material layer

parameters. There is a possibility to install special plugin for Revit that offers the user a choice
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between several MVDs or the option to create a custom one (Autodesk exchange apps 2015). The
plugin does not improve the export of material layer (Figure 17), but allows exporting ifcXML which is
easier to use for the visual model checking. Furthermore, it expands the properties of sub-surfaces:
Window and Door. For the conducted tests the extended IFC export was used and the template,
which already had the Level structure. This structure has a distinct influence on how the geometry is

exported in the IFC.

The general IFC structure for Revit is shown on Figure 18. Information represented by “...” is shown

in Table 6.

Opions

IFC2x3 Coordination View 2.0%

IFC2x3 Coordination View™

IFC2%3 GSA Concept Design BIM 2010%
IFC2x3 Basic FM Handover View™
IFC2x2 Coordination View™

IFC2x2 Singapore BCA e-Plan Check™
IFC4 Basic Coordination View 2.0%
IFC2x3 Extended FM Handower View*

E———

|IFC 243 Coordination View 2.0

'l Space Boundaries

IFC Version

Filz Type [IFC

Phase to Export [Defauﬂ Phase to export v]

[[] Export base quantities

[F] Split walls and columns by level
[] Export internal Revit property sets
Export IFC Commen property sets
[C] Export schedules as property sets
[C] Export user defined property sets

[C] Export only elements visible in view
[F] Export Linked Files as Separate IFCs

[ Export parts as building elements
[C] Export 2D plan view elements

[[] Export Bounding Box
[C] Export Solid Models when possible

[] Use family and type name for reference

[[] Use 2D room boundaries for room volume

[ Include IFCSITE elevation in the site local placement origin
Use coarse tessellation for some BReps

[F] Store IFC GUID in host file after export

Figure 17 Revit 2015 extended IFC export
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IFCBuilding [Revit]

—

IFC Building Storey (Level 0) IFC Building Storey (RUK) IFC Building Storey (DUK)
IFC RelContainedSpatialStructure IFC RelContainedSpatialStructure IFC RelContainedSpatialStructure
Windows Doors Slabs Walls Roofs
IFCWindow IFCDoor IFCSlab IFCWallStandardCase IFCRoof
IFCSlab('Roof")
IFCMaterialLayerSetUsage IFCPropertySet IFCPropertySet
l ('Pset_[Slab/Roof/WalllCommon’) (‘Analytical Properties’)
IFCMaterialLayer IFCPropertySingleValue IFCPropertySingleValue
IFCMaterial - Acoustic Rating - Roughness
(Layer name) - Thermal Transmittance - Absorptance*
- Fire Rating - Heat Transfer coefficient (U)
- X -Thermal mass
- Thermal Resistance (R)

* - custom property ** - parameters are not relevant to BEM

Figure 18 IFC file structure as exported from Revit (with the assistance of IFC 2015)

Table 6 Exported parameters for Window and Door elements in IFC from Revit.
IFCDoor IFCMateriallList IFCMaterial - Door Handle
- Door Panel

- Door Architrave

- Door Frame
IFCPropertySet IFCPropertySingleValue - IsExternal
("Pset_DoorCommon’)
IFCWindow IFCMateriallList IFCMaterial - Window Frame
- Glass
IFCPropertySet IFCPropertySingleValue -Thermal Transmittance

("Pset_WindowCommon’)
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3.3 Import to the intermediate software

During the third step, the data is handled by a number of plugins (as seen in Figure 6). During this
stage every additional plugin adds further restrictions to the BIM model. The results of this data

transfer and related loss of information are presented in Table 7.

Table 7 Results of import to the pre-processing tools

G+M | G, M+P | G+M+P
1| SBT
2| GBS (Revit) v
3| OpenStudio plugin v
4| A-Null plugin (ArchiCAD) %
5| A-physik plugin for SketchUp -

Three types of import are shown:

G+M: geometry is imported with the assigned basic material parameters — name tags of layers and

composites, thickness of layers.
G, M+P: geometry is imported, materials with the physical properties are imported, but not assigned.
G+M+P: geometry is imported with the assigned materials and physical properties.

As displayed in the table, only in two out of five cases all the necessary information was preserved:
“Revit>ghXML>GBS” and “ArchiCAD>A-null plugin>APS” (highlighted in green in Table 7). OpenStudio
plugin recognizes the composites, but fails to import their connection to the surface geometry
(highlighted in yellow in Table 7). So the user needs to assign the materials to the corresponding
surfaces each time the gbXML is imported. There exists an option to import the IDF composites that

are made previously in EnergyPlus, but those need to be assigned manually as well.

In the APS generated by the SketchUp plugin the geometry information is preserved, but the material
layers are lost (see the section 3.5). SBT recognizes the relationship of the composites to the
surfaces, but only suggests the option to overwrite the materials with the IDF file created separately.

It does not use the physical material properties from the IFC (highlighted in red in Table 7).

Certain requirements should be met by the Revit model, in order to create the gbXML which will be

well imported by GBS (Autodesk forum 2015):

- the problems with thick multi-layered roof were detected. In the test case the insulation

layer of the roof had to be reduced in order to export it successfully to GBS.

- the upper limit of the rooms should be assigned correctly
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- the thermal properties are included into the calculation (“Export gbXML” settings in Revit)

- functions of the building elements are identified as “exterior” or “interior”, according to their

boundary conditions.

3.4 EnergyPlus

Three data transfer scenarios were tested for the EnergyPlus (Figure 6). The most information was
preserved during the “Revit > gbXML > GBS” workflow. If the model requirements are met (see 3.3),
then the resulting IDF file has all the necessary information, including the thermal parameters of the

material layers.

In the workflow “Revit > gbXML > OpenStudio > IDF” the following observation was made: the
resulting IDF has all the material layers in the category “Material:NoMass”. It happens because the
gbXML generated from Revit also contains R-value as a layer parameter, which is recognized by the
OpenStudio as a layer that has no mass. The regular materials have the Conductivity value instead. As
a result, all the other parameters are ignored, and only the R-value is imported. If composites
containing no mass layers are assigned to the surfaces in the model, EnergyPlus considers it to be a
Severe error: “This building has no thermal mass which can cause an unstable solution.” The
following workaround can be suggested: gbXML can be edited to delete the R-value parameter from
each material layer. This way materials are read correctly by the OpenStudio and all the necessary
parameters (thickness, conductivity, density and specific heat) are present in the resulting IDF file. In

the workflow with the GBS such error does not occur.

SBT connects the IFC with EnergyPlus. If the user creates the separate IDF file containing the
composites and maps it onto the IFC composites, then the resulting IDF is ready for the simulation in
the EnergyPlus. SBT recognizes the surface+building material relationship in the imported model but
does not make use of the physical parameters which are inside the IFC. This allows the certain level
of file customization, but requires manual work of mapping the materials. On the Figure 19
corresponding materials from the opened IFC file and imported IDF constructions file are indicated

with the red color.
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Figure 19 SBT: imported IDF materials are mapped on the IFC file

As follows from the Figure 19, SBT does not offer any material parameters editing. This should be

done in the IDF file which is then imported. Consequently, the parameters that are specified in the

BIM software are not used, but simply overwritten by those from the imported IDF.
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3.5 ArchiPHYSIK

Two data transfer workflows were tested for ArchiPHYSIK. The best case scenario is when APS is
generated by the A-Null plugin from ArchiCAD. Graphisoft has a long term cooperation with A-Null
(ArchiPHYSIK developer), so the translation of the data can be done seamlessly if the special model
requirements are met (see 2.3). In case of APS export from the SketchUp, information about the
material layers is lost, even if the constructions are assigned properly in SketchUp and layers have
the names taken from the ArchiPHYSIK-friendly material catalogue. This also happens if the gbXML

generated from ArchiCAD is used in SketchUp for the similar workflow.

There is no connection between the IFC and ArchiPHYSIK (see 2.4), so there is no opportunity to
analyze the model, created in Allplan. Available IFC to SketchUp import functions well, but does not
simplify the model, so all six surfaces of the wall are imported to the APS file, which is not acceptable

for the meaningful calculation.

The possibility to import the building materials in XML format was further explored for ArchiPHYSIK,

using the following file structure (Figure 20).

Such a file may contain one or more materials. In case of multiple material entries, the first 8 digits of
each following material id should be unique, otherwise ArchiPHYSIK overwrites materials. Created
this way, materials are successfully imported to the ArchiPHYSIK library. As an alternative workflow
to the ones that were tested previously, ArchiCAD material library can be created for ArchiPHYSIK.
Once ArchiPHYSIK recognizes the material name, it assigns the corresponding parameters to the
material layers from the library and the user does not need to manually specify them on each import

instance (Figure 21).



— <catalog id="1fec6660-b366-11e4-ab27-0800200c%a66" created="2015-02-13
00:00:00.000" modified="2015-02-13 00:00:00.000" countrv="AT" withdrawn="false">
<name>gbXML Projekt xvz</mame>
<description>Projektkatalog fiir Projekt xyz</description>
—<material id="184dde70-b366-11e4-ab27-0800200c9%a66" created="2015-02-13
00:00:00.000" modified="2015-02-13 00:00:00.000" withdrawn="false">
<groupName>Allgemein</groupName>
<name>gbXML Baustoff 1</name>
<description>n'a</description>
<application>n/a</application>
<param sym="dimension" val="0.00" sre="n/a"/>
<param sym="density" val="100.0" sre="n/a"/>
<param sym=compressiveStrength” val="0.0" src="n/a"/>
<param sym="thermCond" val="0.04" sre="n/a"/>
<param sym="heatSpecCap" val="1 67" sre="n/a"/>
<param sym="waterDiffRes" val="18.0" sre="n/a"/>
<param sym="waterDiff ResWet" val="0.0" src="n/a"/>
<param sym="acousticEDvn" val="0.0" sre="n/a"/>
<param sym="lifeTime" val="0.0" sre="n/a" />
<param syvm="peiNotRenewable" val="0.0" sre="n/a">
<param sym="peifenswable" val="0.0" src="n/a"/>
<param sym="gwpl00" val="0.0" sre="n/a"/>
<param sym="ap" val="0.0" src="n/a"/>
<fireReaction EN13501>F</fireReaction EN13501>
<hatching>50OLID</hatching>
<colorFront>2000000</colorFront=>
<colorBack>#FFFFFF</colorBack>
<tags/>
</material>
</catalog>

Figure 20 XML structure of the building material to be imported to the ArchiPHYSIK (Battisti K. 2015)
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Figure 21 Custom library in ArchiPHYSIK 12 (above); imported APS file in ArchiPHYSIK (below)
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4 DISCUSSION

4.1 Research Question 1

Comparing IFC and gbXML, which format performs better for the building material

information transfer from BIM to BEM?

It appears from the tests, that for the purpose of the thermal simulation, building materials data is

better transferred via gbXML rather than via IFC (Table 4).
Two main factors contributed to such result:

- gbXMLis a schema developed to store the specific data necessary for the building simulation,

while IFC was developed initially to store the structural information

- all tested BIM platforms do not support the material layer attributes for the IFC, only for the
building element and/or composite (Allplan IFC only stores the information about the outside

layer of the composite)

Revit serves as a good demonstration of the gbXML format capacity for the thermal simulation, while
in case of IFC, Allplan has the largest amount of necessary parameters supported. It exports the layer

properties, but does not allow for a realistic number of layers in the single building element.

The experiments concerned with creating and assigning the custom IFC material parameters in all
BIM platforms show that these parameters are successfully exported, when the user specifies them
in the special properties section of the building element, as shown on Figure 12 for ArchiCAD. In case
such customization is offered and supported for the material layers, IFC can store the material

information equally well as gbXML (Appendix A).

The issue with using the IFC spatial structure, as shown in Figure 5, can be solved with the help of
additional post processing via the floating-point arithmetic using snapping-based technique
(Ladenhauf et al. 2015). Currently those programs, which use IFC to make a model for thermal
simulation typically ignore the material parameters from IFC and suggest creating them anew instead

(SBT, Simplebim Datacubist Oy 2015, O’Donnell et al. 2013).

As for gbXML format, both ArchiCAD and Revit produce similarly structured gbXMLs. “Material”
objects in gbXML are organized in “Layer” objects which are then combined in the “Construction”
object class. Finally, “Construction” objects are assigned to the corresponding “Surface” objects that

represent geometry in gbXML (gbXML.org 2008).
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4.2 Research question 2

On which step of the data transfer does the loss of the information occur and why?

As most of the information is being lost on the initial stages of information export - they are either
absent in the BIM programs, or not exported to the IFC / gbXML — the certain measures to visualize
the exported energy model of the building might contribute to the improvement of the export

quality.

Visual preview of the future energy model in BIM software can be offered to improve the export of
the necessary data from BIM. One of the common export formats should be taken as a basis of such

visualization, namely gbXML or the IFC.

At the moment there are several tools that can view and check the IFC and/or gbXML models. FZK
viewer, developed by Karlsruhe Institute of Technology and Solibri Model Viewer are among of them.
On the other hand there exist opportunities to view the energy model in the BIM tools (e.g.
EcoDesigner in ArchiCAD). However, the latter is not connected to the export and the former option
is only suitable for viewing, not editing the model. Visualization of the IFC and gbXML in BIM tool, for
architects, who are currently responsible for making the large portion of the BIM model will provide
the immediate feedback on how good the data will be exported. In the case of thermal simulation

those will include geometry and materials.

It was mentioned before that various MVDs were developed for the IFC format (BLIS Consortium
2012). On the “IFC Solutions Factory” website such MVD projects as “Architectural Design to Building
Energy Analysis” and “Architectural design to thermal simulation” can be found. These MVDs could
become the basis for the view filtering, described above. Content-wise, gbXML can be considered to
be similar to the MVD focused on the building energy analysis, with the difference in the geometry

representation.

In ArchiCAD and Allplan the load bearing properties can be specified in the building elements, which
automatically places them on the specific layers. Then only the structural elements can be displayed
via the “Document” > “Partial Structure display dialogue” menu (Figure 22). Such mode is used to
filter out the structural elements and export them to the IFC which is sent to the civil engineers.
Similar filtering also exists in Revit. Another example is the gbXML preview implemented in Revit

2015 (Figure 24).
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Filter list: | <show all> i;i

[¥] Architecture —
[@Struciure Projection/Surface Cut

[¥]Mechanical Lines Patterns Transparency Patterns

Halftone

Aulv|Piping

Cable Tray Fittings
Cable Trays
Casework

Ceilings

Columns

Communication De...
Conduit Fittings
Conduits

Curtain Panels

Curtain Systems
Curtain Wall Mullions
Data Devices

Detail Items

Doors

Duct Accessories
Duct Fittings
Duct Insulations
Duct Linings

R S S S S
110lo|o|ols|e|olE||R|o|ojo|s||o|ojs|iOo

Cwverride Host Layers

ol ] [ fone ] [ uert [[] Cut Line Styles

Categories that are not overridden are drawn
according to Object Style settings.

o) (o ][ oy | [

Figure 22 Visibility Graphics window in Revit 2015

Ox]

| S5 Partial Structure Display (3D)

Show Model Elements:
(O Entire Model
(O without Finishes
(O Core Only
(®) Core of Load-Bearir%Ebments Only

| cancel | |

Figure 23 Partial Structure Display window in ArchiCAD 18
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Export gbXML - Settings l T |-
- General |De13i|s|

\r Parameter Value
Building Type Office
Location Wien, Osterreich
Ground Plane EG_OKFFE
Export Category Rooms
Export Complexity Simple with Shading Surf
Include Thermal Properties
Project Phase Phase 1: Gebdudemodell
Sliver Space Tolerance 0,2048 m

4 k
E Next... | [Sa!e Setﬁngs] [ Cancel

Figure 24 Export gbXML preview window in Revit 2015

On the long term such discipline-based filtering can develop in the future stand-alone BEM tool
plugged to the BIM. This tool can provide the BPA specialist the access to the general BIM model,
being created by the structural engineer and an architect. Using this tool, BPA specialist could
analyze and interpret the model in the real time, avoiding the import and export of the data and, at
the same time he/she will not have to buy the full BIM package. Building performance-specific
material parameters and labeling could be done via such tool, they will remain in the general BIM
model and could be viewed by everyone else in the design group. Script-generated design variations
(e.g. window to wall ratio) can also be implemented here (similar to those already existing in the
GBS). Theoretically, on the early design stage, the space proposals from the BPA specialist can be

shared with everybody in the group and become a basis for the new BIM model.

The major issue for the implementation of such preview is the difference in the room layout for

architecture and BPA, which was mentioned above (1.5.1 Conceptual design stage).
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4.3 Research question 3

Is there potential to improve the material mapping from the IFC/gbXML to the simulation

files?

In response to the third research question, the Customizer program is suggested. It can be viewed as

one of the improvement suggestions based on the research presented in the current master thesis.

A text editor can be used as an alternative to the IDF editor to create the input files for the
EnergyPlus (EnergyPlus 2013). Such editing is also typically executed during the later stages of the
EnergyPlus simulation modeling because there are no possibilities for group editing of materials in
IDF-editor (e.g. usage of the “find” and “replace” functions to rename the material or remove the

unnecessary data).

ArchiPHYSIK has three formats for the import of the building material file: APS, TXT and XML. As part
of the presented study the XML files suggested by Kurt Battisti were tested and successfully imported
to the ArchiPHYSIK database (see 3.5).

Both IFC and gbXML contain the necessary data structure to transfer the parameters for the building
materials (Appendix A, C). This means that, theoretically, an energy engineer can extract the

parameters either from the IFC or from the gbXML.

It is suggested to design a simple tool to assist such data extraction and create IDF files for
EnergyPlus and XML files for ArchiPHYSIK using the building material parameters from the IFC and
gbXML. The name of the tool is “Customizer” and it inherits some of the SBT material mapping
principles (Figure 27) and incorporates the more advanced version of “find and replace” function
from the simple text editors. Customizer consists of three working spaces: left, middle and right
(Figure 25). Left working space (input) will contain the information found in the BIM model, right
working space (output) contains the information found in the thermal simulation files or the empty
template, and the middle space connects the input and output by the search queries. IFC and gbXML
can be displayed in the tree view, similar to the IFC Tree viewer (Figure 26). The new XML or IDF files

can be created, containing the building materials.
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Custarmizer X
{lMarme of the file e 'v |Marne of the file J_v
H361= lgb)(ML i m- Tefleet Material, IDF
IFCyiALLSTANDARDCASE( Jyk e|L:mler:1% fe t“ 'i” Select | Actions Sim0100, I- Name AL
W#3T0=IFCMATERIAL('BE dEno Smooth, I-Roughness L——
Gipskartonplatt B wall Standard wall 0.05, I- Thickness {m}

#3T3= ) 049, I- Conductivity £/ /m-K}

IFCPRESEMTATIONSTYLEASSIGHM B Layer1 8 B | iew 18380 X gensiEy {hnga}Hk "

#375= {1 : B . !- Specihc Real g-

#;?_ IFCSTYLEDITEM(S,(#373), 3; B Layer2 L O |uiew 049, |- Thermal Abzorptance
- . Bl Raof Standard roof 07, |- Solar Absorptance

FCSTYLEDREPRESENTATIOM#A, 0o 07 I- Visible Sbsorptance

380= E Layer 1 g B | view
[FCMATERLAL DEFIMITIONREPRES B Laver 2 10 0 |view Material,

#383= IFCMATERIALLAYER@#ITO 15, §); yer am107,  1-Name
#305= [FCMATERIALLAYER(#3T0,15,, 5 Smaoth, - Roughness
0.0z, - Thickness {m}

HI06= IFCMATERIALI'BE Glaswaolle (15

!
!
- 0.04, I- Conductivity fw//m-k.}
< ]Reflectlon factor | ]42 H tap ) 3z, I- Denszity fkg/m3}
|
|
|

#387= — : 920, - Specific Heat 4)/kg-K}
IFCCOLOURRGE($,0.752041176470 Building Reflection Select | Actions 04, - Thermal &bsorptance
#330= element factor ¥ 07, - Solar Absorptance
IFCSURFACESTYLEREMDERING(#38 B sivall Standard wall 0.7 I-Yigible Absorptance
b= IFCEURFACESTYLE{'BE Glaswalle X .
B Layer1 8 B | view Material,
aimi114, I- Mame

#391= B Layer 2 10 0O | uiew Smaath, |- Roughness
IFCCOLOURRGE($,1,0.5019607543 =) Standard roaf .05, 1- Thickness {m}

302= Roof tandard roo 17, I Eonduct{ivity {w}xm-K}

FCCURVESTYLEFOMNTPATTERM(TL B L 1 4 i 1300, I- Dengity tka/m3
v i B fView 840, I- Speciic Heat bk}

, B Layer 2 10 0O |view 0.4, I- Thermal Absorptance

IFCCURVESTYLEFONT(AUT 32 ¥
[IFCCURVESTYLECAUT wpcnoes _ _ __ —

Figure 25 ,,Customizer” user interface mock-up

a5 s s o T
]
B..
(=) #46= IFCPROJECT(3440 7vICewHBqAEnwJ DiSU" #15, Project”.$.8.5.8.(H43),#32);
£ #67= IFCSITE(20Fp TZCqly2vh Vi Yulce' #15, Site’,8,5,564,5,5, ELEMENT. .(48,13,0,0),(16,22,0,0),156680,0,5 453);
- #64= IFCLOCALPLACEMENTIS. 263);
(- #90= IFCEUILDING{D0tMo 7QexgWdlGvcdsMN2A #15, Buiding’ 5,,4#88,5,8, ELEMENT. 5,8,479);
#88= IFCLOCALPLACEMENT(#64 #87);
(- #105= IFCBUILDINGSTOREY(2ikqT_bFr2PPoKaVDCZ03n #15, Story' §.5,4103,5.5, ELEMENT..0,0);
(- #255= [FCRELCONTAINEDINSPATIALSTRUCTURE(2Ck01ga UD ThQOhwaPvel 7 #15.8 8. (#2740 #374 2049 $1685 #1763 #2387 #2461 42947 £105);
). [DgWwiZLX2gPnUBSkfCnm',§, Doors” 8);
{3ca%BFRHEUPdQ=BeEII" &, Slabs" 8);
[ 1i4GPminz 80322 Sgezlsb’ 5, Walls" 5);
H374= IFCWALLSTANDARDCASE[1PE7E¥h S¥4I0HBYVaPin5S" H15, Wand-012" §.8,4323 #370,55187221-AC58-4445-844B-E5FASSET117F);
H249= IFCWALLSTANDARDCASE(2512_SyDEpOnsAGXvv K’ #15, Wand-013,5,5, 5508 4845 "9CBC2BEE-17C346CD-8C76-2A9421E7952C ),
H1763= IFCWALLSTANDARDCASE(Z0_LsVCX1GvE_dzS3Me73 H15, Wand-014' 5,8 #1722 #1755, ADEIES76-7CCE-4143-0FFE-SFDTO3BAE1CI):
H2461= IFCWALLSTANDARDCASE( 3pl0zGMbrérBirv_cBobAl'#15, Wand-015',8,5,42420 #2457, 'F3BCOF50-5A50-46D4-8BF5-ETESBBCA5292);
{028WS_sX13FwyMhOBg30v" 5, Windows' S);
- #103= IFCLOCALPLACEMENTI(#88.#102);
[ #167= [FCSPACE(3vUUAA_2KDBafayhoidKKNA #15,001",5,5, 8118 #162,"Room 1" .ELEMENT.,.NOTDEFINED.,S):
- #3014= IFCBUILDINGSTOREY( 2XKWmnd 14595099 2cu7d i #15, Story,$,5.5#3013,8,5, ELEMENT.,3000.0);
H- H43= [FCGEOMETRICREPRESENTATIONCONTEXT(S, Model",3.0,00001 440 2#41);
H- H#32= [FCUNITASSIGNMENT{(H16, 517 518 522 H23 #24 #28 #29 #30,431));

Figure 26 IFC Tree viewer interface (GeometryGym 2015)
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8B Space Boundary Tool 1.7.3 E‘ﬁg
S

IFCFile:  Di\documents'_Building Science\120145W\02Base case tests\ArchiCAD 20141013 general translat:

Space Boundaries | Constructions & Materials | Generate IDF I CQutput | Errors & Warnings |

Library Constructions & Materials

IDF Materials Library: D:\documents\ Building Science\l2014SW\bEplus\20141103 construc | Browse.. || Load |
Name Type
Window Window composite .
Air layer Mormal ]
Air layer floor 85 Mormal i
Air layer floor 80 Mormal ™ |
Cement screed Mormal
Ceramic roof tile MNormal
Door generic Mormal
Flax without gnd 90 Mormal
Flax without grid S0n Mormal M

Building Materials

Name For Windows IDF Mapping Target
[Generic Door) Falze

BE Dachziegel Ton False Ceramic roof tile

BB Luftschicht stehend, Warmefluss nach oben 26 < d <= 30 mm| False

BB Luftschicht stehend, Warmefluss nach cben 46 < d <= 50 mm)| False

BB Holzfaser-Dammplatte, pords (200 < roh <= 240 kg/m?) False

BB Flachs ohne Statzgitter False

EB OSB-Platte False

BB Schafwolle Dammfilz False

BB Gipsfaserplatte False

Figure 27 SBT interface with the mapping function

Analysis of the above mentioned workflows (Figure 6) reveals the potential for improvement of the

data transfer process between IFC/gbXML and simulation programs (Figure 28).

“IFC to XML” workflow has no potential, as already shown in 2.4. Theoretically, IFC could have been

used to extract the properties from the layers, but up to the present moment (July 2015) only Allplan

of all BIM platforms exports physical properties for the outside layers of the composite to IFC.

Thickness of the layers and composite structure are always defined in ArchiPHYSIK itself, so it is not

needed for the XML file.

In “IFC to IDF” workflow Customizer can be used to create the IDF file which is then mapped in SBT

onto the space boundaries (Figure 19). Composite, its layers structure and layer properties can be

taken from IFC. At the current stage of export development only thickness can be used and other

properties should be added manually from the databases. See Table 4.
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“gbXML to IDF” workflow can be improved either by adding the missing properties from the IDF
database (gbXML from ArchiCAD), or faster editing of IDF files exported from OpenStudio (gbXML

from Revit).

Figure 28 Analysis of the existing workflows and potential for improvement
Legend for the Figure 30 :

—==m Aactionsthat can be performed in Customizer

G Building geometry

Building element (wall, slab, roof, door, window)
Composite of the building material

Layer of the composite

Layer properties (thickness, name, lambda)

o r O m
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The principle of Customizer application can be summarized in the following scheme:

generate

O 2

IFC DF
gbXML m STM — STM E
IDF database XML

Figure 29 Customizer principle

As shown in Figure 29, IFC, gbXML or IDF database file can be loaded as input - “I” rectangle on the
scheme - while IDF or XML file can be obtained as output - “O” rectangle on the scheme. There are
two options for the output files: either the existing ones can be enriched - e.g. IDF files already made
in OpenStudio; or the new XML or IDF file can be created. Customizer generates the .STM file (which
is its own XML-based format), where it stores the building materials data in the form of database.

This allows the user to perform the following actions:

1. Review the quality of the output file by comparing it with the information containing in input

file (gbXML, IFC or IDF database).
2. Map the missing data on the existing IDF file from the input file
3. Create the materials library for ArchiPHYSIK (XML) or EnergyPlus (IDF) based on the input file
4. Group editing of the layer parameters for the output file (IDF or XML)
More detailed activity diagram can be found in Figure 30.

Here such actions as “Create XML/IDF file” and “Load XML/IDF file” are concurrent in their resulting
action and “Edit file” and “Map data” lead to the common decision making: “Do we have all the

data?”.

Additionally, a set of template output files will be provided together with the application. These files
will be needed for the “IFC to IDF” and “gbXML to XML” workflows, since in those cases output IDF

and XML files should be created in Customizer.



Input

Output

Load IFCAXML/IDF

Genera

-

te 5TM

[Can the data be mapped?]

[Input or cutput?]

/

[5TM database exists?)

[IDF{XML already exists?]

=

Y

Y

Load XMLADF fila

Open 5TM file
template for IDFfXML

Generate .5TM

X [Edit or Map the data?]

Export IDF/ XML

Figure 30 UML Activity diagram for Customizer
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4.3.1 Detailed use case example: IFC to IDF.

In this detailed use case, IDF file is created in Customizer, which contains constructions for the import
into SBT, as shown scheme on the Figure 28, the IFC to IDF workflow. Since IFC contains only the part
of the necessary information, the rest of it can be either taken from the IDF database or entered

manually.

In the course of the current study, simple geometry case was created in ArchiCAD and then exported
to the IFC using the general translator (Figure 7). This model is also used for the detailed use case,
which is illustrated here. The model consists of 4 walls, one slab and one flat roof. Window is
inserted into one of the walls, the door into the other. Materials are taken from Baubook (Baubook,

Bauteilverwaltung 2014-2015).

In the Table 8 it is indicated which class in IDF and IFC corresponds to the model components in the

Customizer file (STM). See Table 2 for the further reference.

STM is a Customizer file format that contains the information, extracted from the IFC (input) or to be
imported to the IDF (output). This intermediate format makes it easier to process the data inside the

application.

Table 8 Model component names used in Customizer, IFC and IDF

Name in the STM Class in the IFC Class in the IDF

Building element IfcSlab, IfcWallStandardCase, |BuildingSurface:Detailed
IfcRoof

Composite IfcMateriallLayerSet Construction

Layer IfcMateriallayer Material

In this detailed use case example, only wall composite is taken (Figure 31), while the workflow for the

Slabs and Roofs is identical to the Walls, with the difference in the parameters (Figure 30).

Workflow for the presented detailed use case will be described with the relation to the working
spaces of Customizer: left, middle and right (Figure 25). Left working space refers to the input file (in
this case, IFC); Right working space refers to the output file (in this case, IDF) and Middle working

space is where input and output are mapped and edited.
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Left working space (input):

1. Load the IFC file (see Figure 31)

Custornizer | | X
Name of the fil: | [ame of the fil: ~
[#361= 0L IDF

B L Material
IFCUALLSTANDARDCASE 3k "r:l’:‘% Zﬂzft‘fr" Select | Actions am0I00. 1-Name ]
[#370= [F CMATERIALCEB Smooth,  MRoughness
[Gipskartonplatt Wall Standard wall 008, I- Thickress {m}

[#373= 03, I- Condutiviy {W/mK}
[IF CPRESENTATIONSTYLEASSIGNM Layerl & B [diew Aggn :—Denx!:y(:ig/ma}/k o
i - Speciic Heat kg
(e TFCSTYLEDITEM(S,(#373).9); Layer? 10 0 |iew 1-Thermal Absoiptance

= 07, |- Solar Absorpt:

FCSTYLEDREPRESENTATION 83, Roof Standard roof % Vil Abeaprance

380= Layer 1 8 B |uiew
[IF CMATERIALDEFINITTONREP RES Mateial,

4383 [FCMATERIALLAYER 371,15, 8); bayer? w 0 few an0i07. 1 Home
#4395 [FCMATERIALLAYER (371,15, 6); Smoath. | Roudhmess
[#386= IF CMATERIALCBE Glaswolle (15 o I plickness
<r eflection factor J [=E] M g n
- ap 22, nsity (kgémd}
[F387= > 920, - S pesific Heat 1 /kg 4}
[IF CCOLOURRGB(S, 0.75234L176 470 ilcing Reflection Select | Actions 03, - Thermal Absorptance
e300 rment factor ¥ 07, I-Solar Absorptance
[IF CSURFACESTYLERENDERING (#38 Wall Standard wall or - Visible Absorptance
[#389= IF CSURFACESTVLECBE Glaswolle|
Layer1 ¢ B [diew et N
amdT14, ame
[#391= Layer2 n 0 |yiew Smooth, I-Faughness
[IFCOOLOURRGE(, L,0.5010607943 005, 1 Thickness {m}
= Roof Standard roof 17 - Conduciviy tu//mk

FCCURVESTVLEFONTPATTERN(TL L] Wi 1300, - Densiy {kg/m3}
li33= ( Layerl B dien 840, I- Speciic Heat U/kg K}
IF CCURVESTYLEFONTALT W Layer2 w 0 [view - Thermal e
395=
IF COURVESTVLERAUT WOGVIIES

Figure 32 Left working space (input)

Middle working space (upper part, input):

Customizer X

armne of the file IFC [~ e [

rr351= b b IDF

o Bl Reflect Matzrial,

IF CYFALL STANDARDCASE( 3yk ﬂ‘;‘mm f:(t: ‘:“ Select | Actions Am0100, I Name v

[#370= IFCMATERLAL (BB Smooth, Roughness

|Gipskartonplatt B wall Standard wall 008, I- Thickness m}

173= 03, 1- Canductivily (w/m k]

IF CPRESENTATIONSTYLEASSIGNM B Layer1 8 B |view éggﬂ :'gemw:_yﬁg/r‘na}/k o
— . ) - & peciic Heat (kg

:;;; IFCSTVLEDITEM(S,i#373), 8 B Layer 2 10 0O [view 05 e o

FCSTYLEDREPRESENTATION 3, B Roof Sandard raof 07 - Visble Abomplance

380= B Layer1 2 B |View

IF CMATERIAL DEFINTTTONREP RES Material,

[#4383= IFCMATERLAL LAYER(#370,15, 9 B Layer2 1 0 [view an0107,  1-Name

#305= IFCMATERIAL LAVER(#370,15,%) J Smoath. : Roughness

306 IFCMATERIAL (BB Glaswolle (15 I 0%, !- Thickness {m}

004, 1- Conductivity (4//m K}
<r Reflection factar Map ) 32 I- Density tkatm3}
[4387= Fond TR 520, 1- Specific Heat {J/kg-k}
IF CCOLOURRGBI(S,0.752041176470 uilding eflection setect| Actions 03, 1 Thermal Absorptance
v element factor ¥ 07, 1- Salar Absamtance
[IF CSURFACE STYLEREMDERING#38 B wall Standard wall 07 |-Visible Absorptance
#399= IFCSURFACESTYLE( BB Glaswolle

B Layerl & B | view Mategﬂ,a .

amiiT4, - Name
#301= B Layer2 10 0O |view Staooth, I Roughness
1F CCOLOURRGBIS, 1,0.5019607843 a — 00s. 1- Thickness im)

302= Foof andard rool 17, - Conduetivity (w/m4}
FCCURVESTYLEFONTRATTERN(T1 3 Y 1800, 1- Density {ko/m3}
i303= ‘ S Layert " B2 v‘ew B4, I Specki Heal {1 )
1F COURVESTYLEF ONTCAUT WAXZ Layer2 0 |view 08, Thermal Absorptance
t305=
IF CCURVESTVLECAUT WAGIDES

Figure 33 Middle working space (upper part, input)
2. Create STM file
a. Indicate relevant Building element (in this case IfcWallStandardCase)

First Customizer searches for all the instances of IfcWallStandardCase class, in case they have

identical IFCMaterialLayerSet, it only takes one instance for the STM file.

b. Indicate relevant parameters in the IFC

Inside the selected instance of the IfcWallStandardCase class such classes as

IFCMateriallLayerSet and IFCPropertySet are read with all their nested instances.
c. Save these parameters as a form of a report

On this step the relevant data from the IFC is extracted and displayed to the user in the tree-like

structure (Figure 34).



In Customizer: In Model:

Customizer X
[ame of the file [armne of the file I
361 i, IDF
FOWALLTANDARDCASE b ET— i |BuTding Reflection Select | ctions G0, -Name e
4370= IFCMATERIAL(BB Elemet facto A% Smooth,  “Roughness
|ipskartonplatt B wall Standard wall 0.05, 1 Thickness {m}

3= 03, 1- Conductiviy fw/mi}
£ CPRESENTATIONSTVLEASSIGNM B Layer1 3 | i 1500, ~ Darsiy ()
1375= FCSTYLEDITEMCH #373), 8 B Layer2 1 0 |ue b | Specic Heal bar)
i377= )

07, - Solar Absarpk

LFCWLEDREPRESENTATAONML‘ B Roof Standard roof 07 | Vible Axf‘:@:;
300= B Layer1 E B |view
IF CMATERIAL DEFINITIONREPRES ateial,
a3 IFATERALLAYERGeaTo s, offf | 2 Lover? B 0 |y 50107, 1-Mame
4305 [FCMATERIALLAYER(#370,15,, 5 ook, LRaugtness

396= [FCMATERIALCBE Glaswolle {15y o . Euﬁdu"jj‘ty'"wm_“
<r Reflection factor 4] M | ) | 2 - Densty flafm3}
#387= 320, 1. Specific Heat {) /kgK}
IFCCOLOURRGBLS,0.T52941176470 Building Reflectfin Select | Actions 0g, I Thermal Absorptance
e30= element factor 07, - Solar Absarptance
FCSURFACESTYLERENDERING(#38 B wall Standafl wall 07: I+ isible Absorptance
309= IFCSURFACESTYLECEB Glaswoll

(BB loswolel | 6 | et 3 B |view Malteis,
smdi1d,  l-Name
301= B Layer2 bl 0O |view Smonth, ! oughness
[ CCOLOURRGBIS,1.0.5019607643 0, 1- Thickness {m)
= B Roof Standa g roof 17 I- Conducivity fw//mK)

FCCURVESTYLEFONTRATTERN(TL 3 v 1800, 1- Densty tka/m3)
vy ( B Layer1 B | view 40, 1-5 pevilic Heal {1 kg K}
HF CCLIRVESTYLEFONT( ALIT M0 B Layer2 u 0O [iew 03 I- Thermal bsorptance
[F CCURVESTYLECAUT WAGADEL

\ 4

In Customizer (close-up)

IFCMaterialLayerSet
—Wall

Holzstander-AuBenwand, hinterlftet

—&ipskartonplatte
Thickness = 15 mm
—I—BB—Gipska rtonplatte
Thickness =15 mm
BB Glaswolle (15 < roh <= 25 kg/m’)
Thickness = 100 mm
BB OSB-Platte
Thickness =18 mm
BB Glaswolle (15 < roh <= 25 kg/m’)
Thickness = 180 mm
ﬂGlaswolle (15 < roh <= 25 kg/m’)
Thickness = 100 mm
BB Windsperre PE, diffusionsoffen (Polyethylenbahn, -folie (PE))
Thickness = 0.8 mm
—]ﬂschicht stehend, Warmefluss horizotal
Thickness =50 mm
—‘ﬂz - Schnittholz Nadel, rauh, technisch getrocknet
Thickness =25 mm

——Pset_Wall_Common
IFC Property Sets of the building element
L—Pset_RenovationAndPhasing (Wall)

Figure 34 STM created from the input
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Middle working space (lower part, output):

Since the output IDF file does not exist yet, the empty STM template should be used instead.

3. Open STM template

52

a. Adjust the number of required layers for the Wall composite in the output STM (in this case 9

layers)

#395=
IFCCURVESTYLECAUT WAXZVI0ES

Name of composite

I
B /

Name of the layer

Thickness = <..> mm
Roughness =

F———=Conductivity = <..> W/ (m K)
———Density = <..> kg / m3
L Specific Heat = <..> J / (kg K)

Thickness = <..> mm
Roughness =

———Conductivity = <..> W/ (m K)

Density = <..> kg / m3

L Specific Heat = <..> J / (kg K)

Thickness = <..> mm

—I+4]

Thickness = <..> mm

—I+4]

Thickness = <..> mm

—+4]

Thickness = <..> mm

—+4]

Thickness = <..> mm

—]

Thickness = <..> mm

—]

Thickness = <..> mm

—I+4]

Custornzer X
ame of the file e [+ [Norme of the file ~
#361= gbyhL Material, 0F
IFCU/ALLSTANDARDCASEC 3y Bk REilsii Select | Actions SO0 LName o]

_ t element factor ¥ g .
[#370= [FCMATERIAL{BE Smooth, I-Roughness
[Gipskartonplatt Bl wall Standard wall 015, I Thickness {m}
#373= 04, - Conductivity {w//m- K}
[FCPRESENTATIONSTYLEASSIGNM B Layer1 8 B view 120, I-Densiy (t{g/mgj/k o

— ) peciic Heat /kg
:g?: IFCSTYLEDITEM($,#373)%); B Layer2 o 0 |view 03, I Thermal Absorptance

= 07, I- Solar Absarptance
PFCSTYLEDREPRESENTATION 453, B Roof Standard roof ox sl Abempange
380= B Layer 1 8 B |View
[FCMATERIALDEFINITIONREPRES Materiel,
#383= IFCMATERIALLAYER(#370,15, %); B Layer2 o 0O |yiew ama107. I-Name
#3852 IFCMATERIALLAYER (#370,15, %); Smocth, - Roughness
#386= IFCMATERIALCBE Glaswolle (15 —— 1 hickness fr)

= 3 - Conductiviy (w/m}
< Reflection factor Map 32, I- Density {kafm3}
#387= 920, - Speaifc: Heat L/kg K}
[FCCOLOURRGB( 0752941176470 uilding Reflection select | Actions 0g I- Thermal Absorptance
438 6= lement factor ¥ 07, I Solar Absorptance
IFCSURFACESTYLEREMDERING #38 Wall Standard wall 07 |- VVisible Absorptance
[F#389= IFCSURFACESTYLE(BE Glaswalle|
B Layer 1 H B [View Meterial,
am0114, 1-Name

#391= B Layer2 b O | iew Smosth,  1- Roughness
[FCCOLOURRGBISL, 05019607843 Seandard raof 005 1- Thickness {mt
?}91: Roof tandard roof 17, I EDndul:I(wHy (\A/)/m—K)
FCCURVESTYLEFONTPATTERN(TL & View 1300, 1- Density {kg/m3]
307 5 B Loyer B | tiew 40, I- Specific Heat {/kgk)
[FCCURVESTYLEF ONTCALT A2 B Layer2 10 0O |view [ik:3 - Themmal Apsorptance.

Preview

Layer properties

Figure 35 Empty STM template for the output file
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4. Map the data

The relation between the instances of input STM file and output STM file are set up manually by user
in the middle working space of the program (Figure 36). User choses two corresponding instances

and clicks “Map”, similar to the workflow in the Space boundary tool (Figure 19).

Possibility to have a “default mapping” suggestion from Customizer can be also considered on the
implementation stage. The program could recognize the relationship between the elements in the
input STM and output STM and make a suggestion on how the instances should be mapped, leaving

it for the user to correct the elements, which are matched incorrectly.

It is clear that after the mapping there still will be missing layer parameters, that do not exist in the
imported IFC file. They will be highlighted by the Customizer (Figure 37). The system of the warnings
and error reports can be developed as a feedback to the user, similar to the one existing for the

Energy plus software (US Department of Energy, 2015).
5. Optional: load the ASHRAE database

On this step the input file could be changed to use IDF materials database from ASHRAE (ASHRAE,
2015). This database comes together with the default installation package of Energy plus software
and can be imported as a reference for the missing parameters. User can find similar materials and

fill map the data from the database.
6. Optional: enter the missing properties manually (equals to the “Edit” activity in Figure 30)

Here some additional functions, such as “find ” and “replace” can be useful, being that Customizer
has already structured the information in the STM file, the user does not need to take care of the

correct punctuation to separate the IDF classes.

7. Save STM output file as IDF constructions file.
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Custornizer
Marme of the fil ﬂ
EREl 2) i Refl

FCUVALL STANDARDCASE 3ykoET— ] |Building HilesdiEm Select | Actions
[#370= [FCIMATERIAL( BB clemet T
|Gipskartonplatt B Wall Standard wall

3=
[FCPRESENTATIONSTYLEASSIGNM B Layer1 & B | View
#375= IFCSTYLEDITEM($,(#373).4); B Layer 2 10 0O | uie
#377=
PFCSTYLEDREPRESENTATION 43, Bl Root Seandard roof
380= B Layer1 8 B | view
[FCMATERIALDEFINITIONREPRES
e23= IrcniaTeriaLLaveren oo | | B Lover? v 0 [t
#386= IFCMATERIALCBE Glaswolle (.
<r ]Reﬂectmnfactur -4 = o
#387= :| = a
[FCCOLOLRRGBI(S, 0752941176470 Building Reflaztimn Select | Actions
389 clement factor ¥
[FCSURFACESTYLERENDERING(#30 Bl wal Standard wall
[1330= IFCSURFACESTYLECER Glasu

B Layert 8 B | view

1301 . B Layer2 10 0O | view
lF}CCZELDLIRRGE( ) L,0,5019607843 1 rout Standard roof
?FCCLIR\/ESITVLEFONTDATFERN(H B Layer1 & B |view
#303=
[FCCURVESTYLEFONTCALT WAX2 B Layer n 0 [
#305=
[FCCURVESTYLECAUT WV@Y0EL

X

[Narme of the file ~

aterial, 0F

im0100, 1-Name L)

mooh, 1-Roughness

05, I- Thickness fm)

) I- Conductivity {w!/mC}

50, I- Density (katm3}

40, I- Speciic Heat {l/kg K}

) I- Thermal Absorptance

7 I- Solar Absorplance

7 I- ¥isile Absarplance

ateiial,

m0107.  I-Neme

mooth, I- Roughness

0, I- Thickness {m)

04, - Conductivity {w/mK}

2. I- Densiy (kg/m3)

20, 1- Speciic Heat 4/kg K}

EX I- Thermal Absarptance

7 I- Solat Absortance

7 1- Visble Absorplance

ateiial,

m0114, - Name

mooth, I- Roughness

s, I- Thickness {m}

7, 1- Canductiviy fo/dmK}

500, - Dersity {ka/m3}

40, I-Specific Heat (g}

3, I- Themal Absorplance

{ Holzstander-AuBenwand, hinterliiftet

Thickness =[15]mm
BB Gipskartonplatte
Thickness = 15 mm
j—BBﬁwolle (15 < roh <= 25 kg/m?)
Thickness = 100 mm
BB OSB-Platte
Thickness = 18 mm
j—BBﬁwolle (15 < roh <= 25 kg/m’)
Thickness = 180 mm
—I-BBﬁwolleHS < roh <= 25 kg/m’)
Thickness = 100 mm
j—BBﬂdsperre PE, diffusionsoffen (Polyethylenbahn, -folie (PE))
Thickness = 0.8 mm
—I—BBiftschicht stehend, Warmefluss horizotal
Thickness = 50 mm

BB Holz - Schnittholz Nadel, rauh, technisch getrocknet
_I——Thickness =25 mm

—pPset_Wall_Common

'——Pset_RenovationAndPhasing

INPUT STM

OUTPUT STM

——Thickness = mm
Roughness =
————Conduetivity = <..> W/ (m K)
Density = <..> kg / m3
L——Specific Heat = <...> J / (kg K)
i3
Thickness = <..> mm
Roughness =
———=Conductivity = <.> W/ (mK)
———Density = <..> kg / m3
L Specific Heat = <...> J / (kg K)
i
Thickness = <...> mm
——I+]
<.>
Thickness = <..> mm
—T+]
-
Thickness = <...> mm
——I[+]
<>
Thickness = <..> mm
—[+]
<>
Thickness = <..> mm
—I+]
>
Thickness = <..> mm
—T+]
-3
Thickness = <..> mm

—I+]

Figure 36 Mapping the data from the input STM to the output STM



Custormizer | |

ame of the file

{[F CW/ALLSTANDARD CASE( 3yk)

4370= IF CMATERIAL (BB

|Gipskartonplatt

373=

JIF CPRESENTATIONSTYLEASSIGRM

[#375= [FCSTYLEDITEM(S,6#373), 8

377=
FCSTYLEDREPRESENTATION (883,
300=

JIF CMATERLAL DEFINITIONREPRES

#4383= IF CMATERIALLAYER(#170,15. 9

4205= [F CMATERIALLAYER(#170,15. 9)

#386= [FCMATERLAL (BB Glaswolle (15

<r

ri361=

[F CCOLOURRSB($,0.752941176470

1200-

P CSLIRFACESTYLERENDERING (#33

[1380= [FCSURFACESTYLEBE Glaswoll

#301=
[IF CCOLOURRGE($,1,0.5010607643
392=
FCCURVESTYLEFONTPATTERN(TL

jra03=
IFCCURVESTYLEFONTCAUT_WAx2
[#305=

T Fefectzn s maers "
B Wall Standard wall
B Layerl 8 B | view ?aan'n,
B Layer2 10 0O | view g‘gﬂ
B Roof Standard raof [
B Layer L 8 [ .
B Layer2 0 0O |view M:r’:gf‘w
Smoolh,
003,
Reflection factor e ] ) I En
Building Reflection sotect] o gza“
element factor ¥ 07,
B wall Standard wall 07
B LayerL 8 B |view Mateial
aimll114,
B Layerz u 0O | view Smath,
B Roof Standard raof b
B Layer1 8 B | Vi g ilgn
B Layer2 it 0 |view 09,

lam: of the file

-Name
Roughness

- Thickness {m}
I- Conductvity (wm}h
I-Densiy {ka/m3}
|
|
|

Specilic Heat Ukg )

Themal Absorptance

Solar Absorptance
I-Visile Absorptance

I+ Name
I-oughness

- Thickness {m}

I- Conductivity (Wi K3
- Densly {ka/m3)

I- Spesii:Heal {/ko)
I- Themal Absorptance
1. Solar Absorplance

1- Visile Absorptance

I Name
I Roughness
1- Thickness i}
- Conductivity fw//mK}
1- Dersity fkarm3}
1- Speeific Heal (1/kaK)
I- Thermal Absorptance

Figure 37 Missing parameters in the output STM file
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5 CONCLUSION AND RECOMMENDATIONS

In the course of testing different workflows to export the building material data from BIM platforms
to thermal simulation programs, it becomes clear that most of the resulting files require additional
editing and adjustment. Such editing is time consuming and often represents routine repetitive
actions, which prevent the users from collaboration outside the level which required by the building
standards. Exporting the building data from BIM to BEM at the current stage of the technology is
often more complicated than drawing new simplified geometry that will serve as the basis of the

thermal simulation.

However, the efforts to improve the data transfer continuously bring the industry closer to the
desired level of data exchange: understanding BIM as a database where all the participants can

simultaneously review, check and design the building model.

Conducted research confirms that both IFC and gbXML exchange formats have the capability to store
the necessary information about the building materials. However, only some of the BIM platforms
support gbXML because of its use being limited only to the area of building performance; while IFC,
which is widely adopted, is not fully implemented in BIM to include the necessary physical
parameters and requires additional steps of defining the space boundaries in order to be applicable
in BEM. Generally, IFC and gbXML model checking and export preview is detached from the process
of creating the BIM model. This results in the loss of information which is already specified in the BIM
model. The suggested Energy analysis preview could improve the data transfer and raise the
awareness of the exported model quality among architects, who are responsible for the creation of

the BIM model nowadays.

Finally, as a step towards the further improvement of the building material data transfer, the
Customizer tool is suggested. Its simple design allows the user to easily view the available
information, map it on the existing thermal simulation files or create the new ones. Implementation
and testing of this tool can be viewed as a subject of the future research of the building material data

transfer from BIM to BEM.
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APPENDIX A: THE SUMMARY OF IFC 2X3 AND GBXML 0.36
MATERIAL-RELATED PROPERTIES

IfcMaterialProperties

Mechanical Thermal Hygroscopic General Optical
DynamicViscosity  specificHeatCapacity ~ UpperVaporResistanceFactor MolecularWeight ~ VisibleTransmittance
YoungModulus BoilingPoint LowerVaporResistanceFactor Porosity SolarTransmittance
ShearModulus FreezingPoint IsothermalMoistureCapacity MassDensity ThermallrTransmittance

PoissonRatio
ThermalExpansion
Coefficient

ThermalConductivity

VaporPermeability
MoistureDiffusivity

Figure 38 IFC material properties.

Table 9 IFC building element properties

ThermallrEmissivityBack
ThermallrEmissivityFront
VisibleReflectanceBack
VisibleReflectanceFront
SolarReflectanceFront
SolarReflectanceBack

IFCWall IFCRoof IFCSlab IFCDoor IFCWindow
Reference [type ID] + + + + +
AcousticRating + + + +
FireRating + + + + +
Combustible + +
SurfaceSpreadOfFlame | + +
ThermalTransmittance | + + + +
IsExternal + + + +
LoadBearing + +
Infiltration + +
SecurityRating + +
GlazingAreaFraction + +
FireExit +
SelfClosing +
SmokeStop + +
HandicapAccessible +
Compartmentation +
ExtendToStructure +




Table 10 gbXML material and building element properties

Construction | Layer Material
MName + + + MName
Description + + + Description
U-value + + ImageTexture
Absorptance + + R-value
Roughness + + Thickness
Albedo + + Conductivity
Reflectance + + Density
Transmittance + + SpecificHeat
Emittance + + Permeance
Cost + + + Cost
PercentExisting + + RecycledContent
FireFace + + Fire
Layerld + + Porosity
LoadCalclnputParameters | + + IndoorAirQuality
InsideAirFilmResistance + + Reference
Materialld + + CADMaterialld
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APPENDIX B: FULL LIST OF BUILDING MATERIALS

Roof

Table 11 Roof material

Roof | DAI 01 b Holzsparren-Steildach d A R Density® | Specific
DAI 01 b Timber rafter pitched roof cm | W/(mK) (m2K)/W | kg/m? heat™”
J/(kgK)
1 Dachziegel Ton 2,5 0,84 - 800 1900
Ceramic roof tile
2 Inhomogen (Elemente langs bzw. | 3 0,025 - 1,2 1003

normal zur Traufe)

Inhomogeneous (elements measured
perpendicular to the Roof edge)

53,1 cm (85%) Luftschicht stehend,
Warmefluss nach oben

53,1 cm (85%) Air layer, not moving,
heat flow upwards

3 Inhomogen (Elemente quer bzw. |5 0,025 - 1,2 1003
parallel zur Traufe)

Inhomogeneous (elements measured
perpendicular to the Roof edge)

56,3 cm (90%) Luftschicht stehend, | 5
Warmefluss nach oben 56,3 cm
(90%) Air layer, not moving, heat
flow upwards
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Holzfaser-Dammplatte, pords (200 <
roh <= 240 kg/m3)

Wood fiber insulation, porous (200-
240 kg/m3))

0,055

0,364

240

760

Inhomogen (Elemente langs bzw.
normal zur Traufe)

Inhomogeneous (elements measured
perpendicular to the Roof edge)

56,3 cm (90%) Flachs ohne Stitzgitter

56,3 ccm (90%) Flax without
supporting grid

10

0,050

43

1380

Inhomogen (Elemente quer bzw.
parallel zur Traufe)

Inhomogeneous (elements measured
crossways, parallel to the Roof edge)

56,3 cm (90%) Flachs ohne Stiitzgitter

56,3 cm (90%) Flax without
supporting grid

24

0,050

43

1380

OSB-Platte

OSB Panel

1,8
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8 Inhomogen (Elemente langs bzw. | 6 0,04 - 43 960
normal zur Traufe)
Inhomogeneous (elements measured
perpendicular to the Roof edge)
56,3 cm (90%) Schafwolle Dammfilz
56,3 cm (90%) Insulation felt of Sheep
wool
63— cm—{10%} Holz - Schnittholz
Nadebravhtufttrocken
6:3—cm—{10%)Wosd—Sawn—pine
wood-rough-airdried
9 Gipsfaserplatte 1,25 | 0,27 0,046 1200 940
Gypsum fiber board
10 Gipsfaserplatte 1,25 | 0,27 0,046 1200 940
Gypsum fiber board
Total | 56,8 8,214
U-value: 0,122 W/(m?K)

1 Baubook http://www.baubook.at/BTR/PHP/Win E Ausdruck.php?SBT=56964&SW=5

2 Engineering toolbox http://www.engineeringtoolbox.com

3 ASHRAE 2005 Materials database of EnergyPlus

4 http://www.rfcafe.com/references/general/density-building-materials.htm

Cressed- crossed out text represents the layers that were ignored while modeling the composite for

Allplan



http://www.baubook.at/BTR/PHP/Win_E_Ausdruck.php?SBT=56964&SW=5
http://www.engineeringtoolbox.com/
http://www.rfcafe.com/references/general/density-building-materials.htm
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wall
Table 12 Wall material
Wall | AWI 01 a Holzstinder-AuRenwand, | d* Al R Density’ | Specific
hinterliftet heat™?
cm W/(mK) | (m2K)/W | kg/m?
AWI 01 a Composite wooden J/(keK)
ventilated external wall
1; 2 | Gipskartonplatte 1.5 0.210 0.071 240 760
Gipsum board
3 Inhomogen (Elemente vertikal) 10 0.039 2.564 25 920
Inhomogeneous (vertical elements)
56,3 cm (90%) Glaswolle (15 < roh <=
25 kg/m3)
56,3 cm (90%) Glass wool (15-25
kg/m?)
0,
rauhlufttrocken
0,
e dlried
4 OSB-Platte 1.8 0.130 0.138 496 190
OSB Panel
5 Inhomogen (Elemente horizontal) 18 0.039 2.564 25 920
Inhomogeneous (horizontal elements)
52,2 cm (83%) Glaswolle (15 < roh <=
25 kg/m3)
52,2 cm (83%) Glass wool (15-25
kg/m?)
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Inhomogen (Elemente vertikal)

Inhomogeneous (Vertical elements)

56,3 cm (90%) Glaswolle (15 < roh <=
25 kg/m3)

56,3 cm (90%) Glass wool (15-25
ka/m?3)

10

0.039

2.564

25

920

0.008

0.5

Inhomogen (Elemente horizontal)

Inhomogeneous (horizontal elements)

53,1 cm (85%) Luftschicht stehend,

Warmefluss horizontal

53,1 cm (85%) Air layer, not moving,
heat flow horizontal

0,025

1,2

1003,5

1003
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rauhlufttrocken
0,
e dlried
9 Holz - Schnittholz Nadel, gehobelt, | 2.5 1,2 - 560 2301

technisch getrocknet

Wood — Sawn pine wood, smooted out,

technically dried

Total | 50.308

U-value: 0.116 W/(m’K)

1 Baubook http://www.baubook.at/BTR/PHP/Win E Ausdruck.php?SBT=56964&SW=5

2 Engineering toolbox http://www.engineeringtoolbox.com

3 ASHRAE 2005 Materials database of EnergyPlus

4 http://www.rfcafe.com/references/general/density-building-materials.htm

Crossed- crossed out text represents the layers that were ignored while modeling the composite for

Allplan

Floor

Table 13 Floor material

Floor | ADh 01 b Massivholzdecke iiber | d* Al R Density’ | Specific
AuRenluft, Nassestrich heat>?

cm W/(mK) | (m2K)/W | kg/m>

ADh 01 b Solid wooden floor to 1/(kgK)
outside air with screed

1 Massivparkett 1 0,15 0,067 552 1420
Solid parquet

2 Zementestrich 5 1,7 0,029 1900 840
Cement screed

3 Baupapier 0,088 | 0,17 0,005 - -
Buildi

4 Glaswolle (roh > 40 kg/m3) 3 0,04 0,750 32 920

Glass wool (density >40 kg/m?)



http://www.baubook.at/BTR/PHP/Win_E_Ausdruck.php?SBT=56964&SW=5
http://www.engineeringtoolbox.com/
http://www.rfcafe.com/references/general/density-building-materials.htm

73

5 Splittschittung (leicht | 5 0,9 0,056 1900 840
zementgebunden)
Stone chips filling (lightly cemented
together)
6 BampbremsePE{Polyethylenbahn— | 0,02 0,5 0 - -
folie {PEN
v berrier PEPolvethl foill
7 Holz - Schnittholz Nadel, rauh, | 16 0,12 1,333 560 2301
technisch getrocknet
Wood — Sawn pine wood, rough,
technically dried
8;9 | Inhomogen (Elemente langs) 16 0,04 4 310 1300
Inhomogeneous (elements lengthwise)
56,3 cm (90%) Hanfdammplatte
56,3 cm (90%) Hemp insulation board
()
rauhtechnischgetrocknet
0,
rough-technically-dried
10 Windsperre—PE——diffusionseffen | 0,008 | 0,5 0 - -
{Polyethylenbahn,folie}
Wind beeri pE N
{Polyethylene foil)
11 Holz - Schnittholz Nadel, gehobelt, | 2.5 1,2 - 560 2301
technisch getrockne
Wood — Sawn pine wood, smooted
out, technically dried
Total | 64.616

U-value: 0.104 W/(m?K)
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1 Baubook http://www.baubook.at/BTR/PHP/Win E Ausdruck.php?SBT=56964&SW=5

2 Engineering toolbox http://www.engineeringtoolbox.com

3 ASHRAE 2005 Materials database of EnergyPlus

4 http://www.rfcafe.com/references/general/density-building-materials.htm

Crossed- crossed out text represents the layers that were ignored while modeling the composite for

Allplan


http://www.baubook.at/BTR/PHP/Win_E_Ausdruck.php?SBT=56964&SW=5
http://www.engineeringtoolbox.com/
http://www.rfcafe.com/references/general/density-building-materials.htm

