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Abstract

Integrated building desigmecessitatesthe ArchitectureEngineeringConstructiorOwnerOperator
(AECOO) I ndust rolamrate efficientlyeith gaehmothes through the different phases of
abuilding. Nevertheless, to reduce the energy consumption ahdr@i€sions of a building, the emphasis
is on the early design phases, since if accurate energy calculations and saatedge®lopedh an early
design stage, the sustainable footprinthef building willbe significantly reduced

That said, Building Information Modelling (BIM) promotes collaboration among the stakeholders by
allowing them to design and store and acdheglata related to a project into one building information
model. Futhermore, this model can be used for energy analysis through Building Energy Modelling (BEM)
tools in the early design stages of the project, and through the whaigdiée

For this, BIM and BEM tools must be alile communicate and exchange informatigith one another,
seamlesslyThis means that these tools should be interoperétdeever,currently, there areomeissues

in the BIM to BEM exchange process, which obliges the teseheck for the interoperability issues and
fix them manually Therefoe, as a result of these interoperability issues, the BIM to BEM prosess
automated, and creating an accurate ®idéed BEM iqquite timeconsuming, laborious and prone to
humanmade errors.

Hence, this thesis aims to systematically investigaténteeoperabilityissues and the state of automated
data exchange between BIM and BEM tools, based on the Industry Foundation Class (IFC) exchange data
schemakFor this, Revit and IDACE are useds BIM, and BEM tools, respectively.

The outcome ithe preentationof a set of interoperabiliigsueghat were found based on the investigation
of 19 case studies, with some suggestions for Revit and@@Adevelopers and futuresearchers the
end.

Keywords:

BIM, Building Information ModellingRevit,BEM, Building Energy Modelling, IDAICE, interoperability
issues
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Chapter 1 Introduction

The increasing attention to improving the energy efficiencyhim builtenvironmenthas brought to
spotlight the Building Information Modelling (BIM) due to its potential for integration with Energy
Analysis and Simulatio tools. BIM is a methamlogy to digitally construct an architectural model that
holds detailednulti-disciplinary information regarding the spatial information, thermal values, material
properties, schedulestc through the lifecycle of the building1-3]. The Building InformationModel (we

call it BIM model in this reportgan be theexchanged witlother software for further analysis, fostance

for energy analysjsstructural analysis, and so on.

In contray to popular beligfalthough building informatiomodellinghas become much more straight

forward and sophisticated than the traditional 2D plans, but emavdgllingsoftwareis unableto read the

information coming from a BIMbased model fullyand thus are not able tanaly®the energy performance

of the building as it is. Hence, a manual procedure is required to either, remodesitieglbuilding in

Building Energy Modelling (BEM) tools, or to correct the wrongignslated building informatiorhis
problemisk nown as interoperability issue. | ndteed, i |
communicate and exchange data that is readable for both cor@uathently, this process is highly time

and labor consuming as well as being quitergprone andit requires more attentidi3, 4].

The BIM to BEM process consists of three parts BIM tool, model schema exchange format, and BEM tool.
Interoperability issues caarise from either othese parts andrenot necessdy limited to the ability of
BEM tools to read the input information.

Therefore, this projecivas defined to investigate the potentials and difficulties of energy performance
modellingand analysis using BIM to BEM methddgy with having an eye on the possible solutions for
the current challenges of the interoperability in BIM to BEM tools through this case study.

The first step consists of undertaking a sttéhe-art review to answer the following questions. Weaie

other researchemsggested as main reasons behind the interoperability issue in BIM to BEM procedure?
How previous casstudies have overcome interoperability challenges and are their solutions reproducible
for other building types?

In the secondstep,BIM and BEM software will be investigated to identify the most suitable tools for
resultsé visualization and simul ati obeuaedaBIMsi s. |
modellingdue to its position as the mgsevailingBIM authorirg tool in the market

Afterward, based on the preceding step, the simulation will be executed on tHmB&d model to obtain

the energy performance of the building and render solutions for improving the performance through best
solution packagewith regect tothe climatic conditions. In other words, this step will help to study several
alternativesn order tochoose the cosiptimal solution as recommended by the Energy Performance of
Buildings Directive 2010/31/EU (EPBD Recaf).

The final stage of the study comprisesimiestigatinginteroperability issues found in BIM to BEM
procedure and addressing it while utilizing previously suggested methodshoc alutons tailoredto
this specific building. Figure 5 visualizes the methodology.




1.1 Motivation, Hypothesis, Aims, and Objectives

1.1.1 Motivation

Building Information Modelling (BIM) is a methodology that creates Building Information Models which
area digital represntation of physical and functional characteristics lofiiiding. BIM modelsare able to

store geometric, semantic and topological information for the wholeyldke of a buildingThis provides

an effective bed for all participants of the ArchitectdEngineeringConstructiorOwnerOperator
(AECOO) Industry to gather their efforts and information in one model, BIM. In fact, all partners can
collaborate whit each other, and access all the information only through one building information model.

Thisis why BIM has revolutionized the AECOO community. Because it reduces time, effort, cost, error
andconfusion for individuals and companies.

Furthermore, it is possible to export the BIM model to other tools for further analysis in other domains. For
instarce, for energy analysis in Building Energy Modelling (BEM) todiisorder toexchange the BIM

model to other tools, it shoulzk exportedo digital data structures (called data model or data schema) that
are commonly acceptetetween other industry tooldndustry Foundation Classes (IFC) are an
international open file format th& supported by various tools across many engineering disciplines. IFC
is developedy BuildingSMART and has several releases. The most common release is IFC2x&which
usedin the project. The lasts release is IFC 4.

Many Building Energy Modelling (BEM) tools are capable of importing and reading the IFC file format.
However, the flow of information from BIM to BEM is not automaté@tiere are many issues that are
related to eithr the BIM tool, the given data exchange format, and the BEM tool. Due toisbaesthe

tools are not able to communicate with each other seamlessly. Sometimes, after the exchange of the model
to the second tool, some information is lost, objects d@ssing, objects are in wrong positiomsdwith

wrong colors, elements are duplicated, or not transferred andliso forthThisis called interoperability

issue. In fact, interoperability is the ability of two tools to exchange information or matieuiviosing

any information in between.

Despite the great potentials of BIM and BEM tools, the existing interoperability issues have made it quite
difficult for experts to use BIM as the basis for their BEM model. Because finding and fixing the issues is
rather timeconsuming, laborious, and prone to human mistakes. That said, since the interoperability issues
vary between the tools arate dependent on the type of information bemghangesthe results of one

BEM modeler is not necessarily reproducibyeothersThishas greatly diminished the popularity of BIM

based BEM.

Therefore, to map the interoperability issues between BIM to BEM tools, we investigated -$8udése
through a systematic approach. Our goal was to understand the Interopdsahitity that we anticipated
to encounter during the cases. The building model wad usedduring the investigations is called
BESTEST 600. The BESTEST 600 building usel in the validation of building energy simulation
programs and is an internationatgcognized model. Moreover, our BIM tool was Revit which is a quite
popular, and marketominant tool for Building Information Modelling. The BEM tool used in our
investigation is called IDACE which is a powerful tool for energy simulation and analysss louilding,
albeit it is commercial. The exchange data format between these two tools was IFC.




1.1.2 Hypothesis
This thesis hypothesizethat there exisinteroperability issuedetweenthe exchange of information
between BIM and BEMools that prohibit therwomated energy modelling from an architectural model.

1.1.3 Aims, Objectives

The primary aim of tls thesisis to improve thecomputationallyaidedenergyanalysis process the
building sectoiby investigatingthe interoperability issues between BIM and BEdbls and to facilitate
sustainable and integrated desighis shall lead to the following objectives:

o0 Review of the statef-the-art of BIM, BEM, IFC, and relatednteroperability issugin the
literature

o Review of the BIM, and BEM tools (here: Revit ali?A-ICE, respectively), and their related
terminology, concepts, and definitions

0 Developbuilding informationmodel of the case stig,

o Find interoperability issues in the exchange process of the building model form BIM tp BEM

o0 Propose solutions and ctea framework for the interoperability issues to assist futuretzdbed
energymodeling and CAD companies

1.2 Limitations

One of the limitations of this study was the lack of proper guidelines for exporting IFC fromfBetlig

purpose oknergy analysisAnother limitation is the softwatieased terminology and object hierarchy that

is specificto each companyThis has hugely impacted the interpretations of how different software
approach one building elemertg, a wall. In Section 3.2.1.3 we triedtoo mpar e how Revitbés
hierarchy matchesIDA CE6s object hierarchy, but in the end,
be veryvalid.

1.3 Methodology

A case study approach is adopted to help understand the deficiencies and potentials of dagr@npe
modellingand analysis using BIM to BEM methodology withrticularattention to possible solutions for
the existing interoperability challenge&igure 1-1 shows theworkflow of performing each case study.
First, the BIM models createdn the Revit. Then, iis exportedas IFC file.And finally, it is exported to
IDA-ICE. At each stage, the modshs exploredor the interoperability issue&igure 1-2 present an
overview of the methodology of this thesamdTablel-1 elaborates the case studies and the interoperability
issues under investigationhe methodologyrad casestudiesare presenteith Chapter 3

IFC:
Revit Industry Foundation IDA-ICE
(Building Information Classes

(Building Energy Modeling)

Model)

{Neutral, open file format
specification)

Figure 1-1 An overview of the project
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Results and
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wBuilding Energy Modelling (BEM).

wBIM to BEM Interoprability interoprabiltiy issues in
construction sector.

wlndustry Foundation Classes (IFC). /

wlnvestigation of the BIM authoring Tool (Revit).
wModel the building base on castudy's requirement.
wEXxport model as IFC format.

wlnvestigation of how each castudy is exported to IFC
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J

~

wlnvestigate of the Building Energy Modelling tool dOK).
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wpresent the interoperability issues found in the catadies.

wpresent the suggestions for the software companies:
AutoDesk (Developer of Revit) and EQUA Simulation AB
Developer of IDACE)

wPresent ideas for future works.

J

Figure 1-2 Methodologyin one glance




Interoperability Issue under investigation

1. Can Revit export Location line type
the walls to IFC?

2. Does the Location line type influence t
imported geometry of the building insic
IDA-ICE?

4. How the placement of different 3
spatial element componentse(, Room,
Space, and Zoné&) BIM affects the IFC
file and the BEM model?

6. How variation of geometrical propertie
of Room and Space inefdt affect the
BIM-based energymodelling in IDA-
ICE?

7.

8. How mat er i a arsdxpoped
from Revit to IDAICE?

9. How are theystored in the IFC date
schema?

10.

l1lHow windowsd geonm
are exchange@etween Revit ahlDA-
ICE?

12How is a usefbuilt window family in
Revitexported to IFC?

13Can IDAICE recognize a usduilt
window family made in Revit?

14What are the differences between Bu
in Families, and usebuilt families in
Revit to IDAICE procedure?

15.

16 Does IDAICE recognize the orientatiol
of the BIM model and its components'

17 How are the changes of the orientatic
of building elements in Ri reflected in
IDA ICE?

18.

19How does Revit export coordinates
IFC file?

20How does IDAICE interpret the
coordinates from an incoming BIM
mockl through an IFC file?

21How shadings and fins are created
Revit and exported to IFC?

22How does IDAICE understand the
shadings in the BIM model?

Task Sub-
Task
ST1
1 ST2
Wall ST3
Location
Line ST4
ST1
2 ST2
Zone vs ST3
Space vs ST4
Room STS
ST6
3 ST1
ST2
Space/Zone
height vs.
Wall height
ST1
Materials
ST1
ST2
Windows
ST1
6 ST2
Orientation
ST1
Coordinates
ST1
8 sn

Shading

Sub-Task Description

Wall Centerline (default)
Core Centerline

Finish Face: Exterior & Finish Fact
Interior

Core Face: Exterior & Core Fac
Interior

No Room, Space, or Zone elemen
Room

Space

Zone

Room + Space

Room + Space + Zone

Space height = Room height
Space height [

Material 6s therrtr

Revit builtin windows withbuilt-in
Analytical construction

Revit new family created fron
scratch window

Building orientation
Change of building orientation
BM_1 from N_S di

Coordinates of elements

Horizontal shading (South facad
BM_2

Horizontal and vertical
(E/W facade) BM_4

shadin

Table1-1 Structure of Case studies, and interoperability issues
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1.4 Structure of the Report
This reportis organizednto four chapters thaare describeth the following line. Additionally,Table1-2
demonstrates an outline of the thesis structure.

Chapter 1: Introduction

In this chapter, ajeneral overview of the thesis presentedalong withaim, objectives, and
limitations of thework.

Chapter 2: Literature Review

In this chapter, a #doretical background to Building Information Modelling (BIM), Building
Energy Modelling (BEM), Interoperability, Industry Foundation Classes (liB@yesented.

Chapter 3: Methodology and Casestudies

In this chapter, firstly, a brief introduction to tlseftware of choicei.e., Revit (for Building
Information Modelling), and IDACE (for Building Energy Modelling) is delivered. Afterward,
casestudiesare introduce@nd explained in detail.

Chapter 4: Conclusions and Future Works

In this chapter, the cafusions that were made based on the-sateu d i e @ summaized t s
and reportd. Based on these conclusions, some ideas for future reseamrhemesented
Eventually, some suggestioare offeredo the software companies tlis/e developed Revj and
IDA-ICE.

Chapter Title Summary Questions to be addressed

1 Introduction Present hypothesis, ain
and objectives, researc
guestions, and th
research methodology.

Literature Review Review BIM, BEM, IFC, What is BIM? What is BEM?
and interoperability What is IFC, and how it store
issues. the information? What are th

interoperability issues in the
BIM to BEM processes?

Methodology and A brief overview of Revit What are the interoperability

Casestudies and IDAI CEOG s c issuesin Revitto IDACE
Presentation of case¢ process? What are the
studies, and their results. capabilities of Industry

Foundation Classes?

Conclusion Summary of findings. What are the possible
suggestions, and futur solutions to resolve the
works. interoperability issues found

in Chapter 3? What are
possible next steps for future
works?

N

1w

I~

Tablel1-2 The outline of the thesis structu




Chapter 2 Literature Review

This chapter beginaith an overview oBuilding Information Modelling BIM) in Section 2.1it is then
followed by a reviewof Building Energy Modelling BEM) in Section 2.2Afterward,the interoperability
is discussedn Section 2.3which leads t@n overview ofindustry Foundation Classe$=C) in Section
2.4

2.1 Review ofBuilding Information Modelling BIM)

The t er wasfirdusddy AutoDesk staff6]. However Jerry Laiserins known aghe first person

who pubicized this term in the Industify’]. The early definition of BIM varieBazjanac defines BIM as

a Anound which des thepopukatedd &t a nma cheslt aat e boif-l di ngo
di sciplinary firaw d&. FuatiermbrebBastnaan3pdaer ftii nceusl aB lelidiguai sl dfi an ¢
technology and associated set of processes to produce, communicate, and analyze buildingdmodels

In other definitions, BIMiis a digital representation of physical and functional characteristics of a facility

that offers potentials forlifecyclerdoe | | i ng and management [8&nditihse adui |
methodology to manage the essential building design and project data n digital format throughout the
building life-c y c¢ []eAdditionally, BIM used tde referredo as Building Product Modelling, or product

models, that are objectriented. They contain datach building components, 3D geometrics, spatial
information, thermal values, and material properties. These are the properties upon which data
interoperability is buil{2].

Many BIM professionals agree thatM is an objectorienteddigital representation of a building or built
environment that enables the data exchangégitael form. BIM can attribute both spatial and geometrical

as well as nofgeometrical attributes to building elements to be implementdtivariousarea of AEC,

such as fire protection, safety on construction site, facility management, structuysisardaylight
simulation, construction management, eestimation and planningl, 2, 1015]. BuildingSMART
considers building information model as a shared knowledge resource for information about a facility
forming a reliable basis for decisions during its-tifele (from earliest conception to demolitiqa)].
Figure2-1 shows BIM and the lifecycle of the building.

Conceptual design

Programming

Documentation

Building
Information
Modeling

Fabrication

Renovation g
N

Construction
4D/5D

Operation and

Maintenance Construction

Logistics

Demolition

Figure 2-1 BIM through the building lifeycle[17]




Li kewi s e, infar@dtidvirich suildiagmodel that allows thimermal, structural, or cosinalysis
to be carried out, based on one building modihis definition introduces the different dimensions of a
Building Information Mode[2, 18]that carnbe seerin Figure2-2.

wModelling
AN upgrade to the traditional CAD plans

wIime
u5cheduling and construction stages simulation

aCost
uPlaning and estimation

uSustainability Performance

wIhermal analysis and environmental assessment, eventually even
automated building certification

wFacility Management, Maintenance and Operation

wFully mature and comprehensive model, ready to maintain and manage
assets

uDeconstruction

wI'he decommissioning, demolition, repurposing or recycling of a building
or structure

Figure 2-2 The 8 Dimensions of BIM

Building Information Modelindhas numerous benefits. BIM technology and associated processes are at the
heart of how the building design and construction prooesisonds to the growing pressures of higher
complexity, faster development, improved sustainability while reducing the cost of the building and its
subsequent ug8].

BIM is anenormouglayer in the future of construction secf8}. McGraw Hill Constructionreportedin

2008, 45% of architects, engineers, contractors and building owners surveyed used BIM on 30% or more
of their project$19]. Although ArchitectureengineeringConstruction (AEC) industry practitioners started

to adopt BIM in their projects From m2l 0 0 O & anticipatadhat BIM grows sharply in the next coming
yearg20, 21] Despite that, some argue that, currently, B$Meingslowly adopted irthe industry, mainly
because of lack of demand, cost and interoperability i$2@gs

Even now, BIM and ICT have a brought a digital tornado in ArchitedimgineeringConstruction
OwnerOperator (AECOO) Industry. There are mammgoingtheoretical and practical projects that are
investigating the Intagtion of BIM and other toolR1]. There arzariouspartidpants in the industry that
can efficiently collaborateon one model in BIM to save time, effort, cost, and erréigure 2-4




demonstrates some of the significant collaborators on the BIM moHil.collaboratio brings many
benefitsfor all partiessuch as better interoperability capabilities, reduced conflict and project team benefits

[22].
7~ O\

Increased Pressures
on the Building Process

Reduced cost for
Design and const.

Reduced time for
Design and const.

Increased

i Sustainable
complexity e
of design BIM, Analysis 9: i
tools, IPD, construction
Lean
Reduced cost for Y Improved
e building

energy use Ny
-~ % performance

Reduced construction
cost and time

Figure 2-3 BIM technology and associated processes can help to respond to the increasing pressures on a building over its
lifecycle[3] .

Figure 2-4 BIM promotes collaboration between various AECOO participants.

In an interestin@pproach, Eastman has described what is notiBldder toclarify this term even more
[3]. According to him, four types of buildingadels are not BIM.

I.  Models that solely contain 3D data and no (or few) object attributes,
Il. Modelsthat have no parametric intelligence,
lll.  Models that are composed of several 2D CAD reference files that must be combined to define the

building,
IV.  Models in whit changes to dimensions in one view are not reflected in other views automatically.

—
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One important thing to consider is that BIM is different with CAD (Computationally Architectural Design)
[3]. CAD systems are becoming more intelligent day by day, wéntices more users to share their data
thatis associatedith a given desigrirhis lead to a focus shifted from drawings and 3D images to the data
itself. As a matter of factthe key aspect that differentiates BIM from computéded design is the
semantics A building model produced by a BIM tool includes 2D and 3D views along with the building
model s conten3.s and capabilities

FurthermoreBIM can besubdivided into two levels, Big BIM and Small BIM accordind28] based on
the different needs of BIM in daily practices and different situations of BIMHigere2-5 elaborates more
on this differentiation.

Building Information
Modelling

The use of BIM within a singl
company or with a single tool

The use of BIM in collaboration witl
multiple (project) partners and tools.

Figure 2-5 Levels ¢ BIM [23]

BIM authoring tools allow users to make a 3D informatiimh digital model of a building. Such as:

Revit by AutoCAD[24],
ArchiCAD by Graphisof{25],
Tekla by Trimble[26],
Allplan by Nemetschel27],
Microstaion by Bentley[28].

O OO0 oo

Depending on the choice of BIM toal,significantnumber of inputs cabe insertednto the model. Some
of thesenputsareillustratedin Figure2-6.

The literature review about BIM is endlesdgth the increased implementation of BIM in academia and
industry, the number of studies that are investigatirgBIM definition, and adaptation in the AECOO
industryis on the rise. The different dimeéoss and aspects of BIM, such as sustainability, are the focus of
many studie$21, 2932].

]
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Metadata
3D
Geometry

Figure 2-6 BIM inputs

2.2 Review of Building Energy Modelling (BEM)

Building Energy simulation tools are being used by the building design professionals more and more every
day, since from an AECOO perspectivadvancedanalysis of building energy simulation has become a
critical part of the integrated desiB3]. Energy performance simulation programs arkusttools to

assess the energy performance and thermal comfort of a building over its Wehoyelk. However, these
simulation tools differ in many ways regarding their:

thermodynamic models,

graphical user interfaces,

purpose of use,

life-cycle applicability,

o ability to exchange data with other software applicat[8d%

o O oo

T h e tBeilding Efiergy Simulatiod tools are interchangeably used f@uilding Performance
Simulation® tools andrecently, they e alsoreferred to agBuilding Energy Modelling tools, since
this name resonates with Building Information Modellitogpls However, there is no significant

11
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distinction in the literature regarding the usage of these naméthey are somewhat used aythors
interchangeably. Here, in this study, we will refer to the toolsnia&ieenergy simulationpossibleas
Building Energy Modelling (BEM) tools

In general, BEM, or BPS tools improve the understanding of how a given building operates according
to certain criteria and enable comparisons of different design alternatives, with respect to its energy
performancd34].

=\/ =

= -
! |

Figure 2-7 Inputs for BEM tool$33, 34]

Operating Strategies
and schedules

While energy simulations could be applied in every stage of the building lifecyatitidnally, energy
performance simulation and analysis do not start until after some fundamental design deistoas
architectural and HVAC design decisions) are made that affectrtbegy performance of the future
building [1]. However, with the advancements of technologies in both BIM and BEM domain, there is a
highlighted emphasis on the Integrated building design approaches and concepts such as Zero Energy
Buildings that requires a more fluent pess of energy modeling that directly leverage Bidsed thermal
analyses durinthedesign phasf5].

It can be said that today, not only in the building degigasebut also in the operation phase, Building
Energy Modelling tools areonstantlybeing used by professionals. The accuracy of a thermal simulation
model depends heavily on the accurate definition of building geometric charactenmtieding the
building envelope, the building orientation, the configuration of spaces, syréambgolumes[34, 36]
Figure2-7 shows a number of necessary ingatshe Simulation Engies The main inputs are the building
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geometry, internal loads, HVAC systems and components, weather data, operating strategies and schedules,
and simulation specific paramet¢dg].

Moreover, gmulation engines contain mathematical and thermodynamic algorithms that are used to
calculate the detailedrergy performance according to the underlying model of the engatecan be
simple textbased input and output fil¢34].

Buil ding ther mal Ssimulation is the fAdynamic anal
computer modeling and simulation techniques. In this simulation, a calculation of building thermal loads

and thermal consumptios involved in de¢rmining the thermal characteristics of the building and its
building systemsThese calculations are necessary to promote sustainable built environment design and
application and offers thermal comfort for the occupaBtslding thermal simulation is eobustmethod

for studying the thermal performance of buildings and to evathatarchitectural desigim order to cut

down the energy and carbon footprint of buildings form the design Biise

BEM tools as well as many other types of simulation and analysis tools (such as acoustics and fire
propagation simulation toold)ave their own internal data models of building geoy&uch internal data
models represent views of building geomesyically quite more straightforwardhan the geometry data
models of CADand BIMtools[34, 37] Figure2-8illustrates this explanation clearlysually, architectural

view of the building (the output of the CAD/BIM tools) is highly complex in terms of geometry and data,
while the thermal view is quite simple in comparison.
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a) Geometry of a building, as depicted in a typical
architectural CAD tool (architectural view)

b) Geometry of the same building, as depicted by
an energy performance tool, (thermal view)

Figure 2-8 Architectural view vs. Thermal viej#7]

The term thermal view comes from the simplifiemdel that is required for energgyodelling, and is
constructed based on the architectur al model . The
understanding of the subjdauilding, his or her knowledge and skill, experience, complexity of the building
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geometry of the subject building, complexity of the building itself, available resoetcesyentually, the
result is not necessarily reproducible and is quite arbit@ifferent people defining the thermal view of
the same building generates view definitions that differ from each [dfher

Space boundaries as one of the fundamental concept of building energy models (BEMs) that are necessary
for the BIM to BEM model transfer. The space boundary works as a link for building geometry definitions
between tharchitectural and thermal view, or BIM and BEM tools.

Most simulation and analysis tools define building geometry as systems of surfacesifaces that
delineate walls, roofs, beams, windgwsaddoors) which are all part of the definition of spaeesi/or
zones identified in the model of the [uilding. S

Space boundaries come in fipairs: o0 One pair define:
surface. Exterior walls, slabs, roofs, windowsd doors are an exceptipthey solely have one space

bounday that corresponds to their interior surface because of how BEM tools handle extdaoesince

the exterior cannot be modeledaaspacer a zond38].

Space boundaries are flat polygons with an outward or inward normal which indicates the direction of
transmission or flow through the given space boundary. AccotdiBazjanad38], five levels of space
boundaries can be found irbailding:

0 1stlevel:
The 1st level space boundary is the whole surface of an element that bounds a space. In
other words, a 1st level space boundary is the surface of a building element that is
continuously visible from within a space or a zone by aqgvens that zon¢38]. 1st level
space boundary is shownkigure2-9.

1st level space boundaries are implemented in visualization tools to facilitate the showing
of what the eye sees in a space or a zone. These tools do not consider transmission or
(energy) flow thro(3gh the model ed surfacesc¢c

0 2nd level:

For energy simulation purposes, space boundaries must be modeled in eetailee d

manner, to take into account the different heat flows between spaces. If, for example, a

wall separates one space on one side from two spaces on the other side, the 1st level
boundary needs to be split up into two 2nd level bound{B#isIf the 2nd level space
boundary is interi or,paitishaspaceibaundary df éxactyosheme a s
same shape and size, offset from the original 1st level space boundary by the thickness of
the Aparent o bui |l dbyrihg comblie meigure2-10. T the veewer s s h o w
person stands in zone 1, the previous 1st level space boundary is subdivided into two
segments which facilitate two different rates of transmission or flow. Each segment is a
second (2nd) level space boundary.

AThe def i nof@ndtvel spanedoundares are mandatory in the use of tools

that simulate the transmission or (energy) flow through the modeled interior surfaces.
Windows, skylightsanddoors, as well as virtual surfacesd, s i mul ated dAair \
which constitutenonphysical boundaries of zones, are also represented as 2nd level space
boundary pairs in such simulati@8]o .
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o 3rd level:
Not all parts of a 1st level boundary are translated to 2nd level boundarnssparts will
be 3% level space boundary as shown by yelloWigure2-10. There is no space behind
these parts, but a building element on the other side, therefore, these parts are considered
as 3rd level space boundaries. This means that these surfaces do not play a role in the
transmission or (energy) flow through the binlg element because there is no other zone
to receive the perpendicular transmission or flow through these unaccounted surface areas
[38]. Also, exterior building elements (roofs, exterior walsdexterior slabs) do not have
3rd level space boundarig3s].

0 4thlevel:

4" level space boundaries display same behaviord® dsvel space boundaries. In fact,
depending on the BIM tool aritle placement of wall reference lines (similar to Location

lines in Revit), some areas can be left unaccounted for by 3rd level boundatiegel4

space boundaries are showrthgcolor purple inFigure2-10. As exterior walls, slabs and

roofs can have only one sur f a.clustheextaiormul at i
walls cannot include any 4th level space boundaries.

o 5th level:

When building elements intersect with each other at arighwh ande, another type of
surfaces is formed that cannot be categorized in any other space boundaries. These areas
called 5th level space boundaries have no perpendicular heat flow, shown by orange in
Figure2-11.

15t Level Space Boundary
(Considering that the

viewer person stands in

Figure 2-9 15t Spaces boundarig88]
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- 2" Level Space Boundary

wall 1-3
zone 1

Figure 2-11 5" Spaces boundarig88]

Therefore, there are five levels spaceboundaries that are needed for the use of building geometry
representations by building energy simulation tg8&]. That said, today, many BEM tools are mainly
based on ondimensional heat trafer between thermal zones. This assumption simplifies the geometric
input dramatically and allows shorter simulatian-times despite the higher accuracy of simulation results
of 2 or3-dimensionaheat transfer mode[84]. This means that in most cases, ortfyelel and 2 level
space boundaries are considered for building emaaglelling

That said, BEM tols require the availability of geometrical and material thermal [88}a At first,
geometrical information was obtained from CAD software that necessitates a manual process to generate
the proper inputs for thenérmal simulation software. This process is hugely grone and time
consuming. The advent of BIM resulted in a paradigm shift towards an -cbj&cic view for the
representation of building information and the availability of BIM as the geicalétrput of BEM tools

[3, 39] That saidConsequentlysince BIM model has more information that it is necessary for BEM tools,
BIM-based modelsust be transformed (i.e. simplified, reduced, translated or interpreted) before they can
be directly used bBEM tools[37].

]

—



Although there has been a surge in¢hergy simulatn services due to market drivers such as building
rating systems.g, LEED, BREAAM, or programs such as EU 202020 goals, there has not been significant
development beyond the use of standalone simulation tools by specialized practitioners who are more
comfortable with manual building data input than automated data exchange through BIM tpB8EM
Another reason could be that dominant BIM authoring vendors prefer to implementing embedded energy
analysis tools within their flagship products rather than implementing robust data exchanbidsitarty

tools that do not contribute their revenue streafi0].

In manycasesWhile based on professional expseti the process of BIM to BEM have a tendency to be
uniquely performed by each expert based upon methods anebfdlasnb developed over time by that
individual [40]. This statement was observed during the period of this research as well. It seems that there
are few experts who have profound practical knowledge of exact BIM tofBBéAss, and this knowledge

is not really openly discussed theinternet or in the literature.

As a result, BIM to BEM process is a nstandardized process that produces enbuijging energy
models that varies fromne modeler to the next, even tigh the initialbuilding design information is the
same for all modelefg0]

There could be different reasons for this 1stendardized process. Firstly, there has been a traditional
separation between architectural, energy simulation, and mechanical engineering professional disciplines
before the advent of integrated building desiThisis again referring tdhe dichotomy between an
architectural viewof a building andenergysimulation, othermal viewof the same building according to
[41]cited in[40] which in turn has impacted the standalone nature of software tools used by each of the
participating design discipling40].

Location Weather
(Climate) file
Geometry

Constructions and materials

Space types

\

Assignment of spaces to
thermal zones

|2

Space loads i i

)

HVAC system and O
components

\

Simulation

BIM

Figure 2-12 Ideal BIM-based BEM workfloi34]
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There is a growing number of environmental performance building anphpgjisam=n the marketBahar

et al.[33] havereviewed the most applicable building thermal simulation tools in the AECOO community
regarding their application, input data, output data,BiMt-based geometry impoithat said, sice 1996,

more than four hundred building energy simulation
Tools Directoryo [42r43vSordecofl thebdgols dlfe cperdd®@de, and others are
commercial. Nevertheless, quite a handful of themsed in industry and academ#me ofthese BEM
toolsarelisted below

o DesignBuildeby DesignBuildef44],

EcotecttQUESTby James J. Hirsch & Associates in cbtbaation with Lawrence Berkeley
National Laboratory45],

EnergyPlusy DOE, BOT, andNREL [46]

EcoDesigneby Graphisof{47]

ESRr by the University of Strathclydé8]

Green Building Studidy AutoDesk{49]

IDA-ICE (IDA Indoor Climate and Energy) by EQUA Simulation A&0],

VE (Virtual Environment) by IES (Integrated Environmental Solutions), kKnowBgE
[51],

TRACE 700by Trane[52],

o TRNSYS[53],

0 Riuskaby Granlund54].

O O 0O 00O (@)

o

Someof thesesimulation tools can be plugged into BIM authoring tools asiasiduch as IESVE and
Green Building Studio, which allow energy simulation within the BIM environné8f, while others
require the BIM tool to provide a certain input for thesach as IDAICE, EnergyPlus, etdNevertheless,
to link Building Information Modeling (BIM)tools and energysimulationtools, standard data schemas
such as the Ingstry Foundation Classes (IFC) Green Building XML (gbXML)are required asommon
data formatsWhile energy modeling using data schemas such as IFC and gi&ddbeen implemented
for many simulation programs, reliable enermggdels can be acquired thgiumanual model checks and
modificationdue to many interoperability issues thasein BIM to BEM exchange proce$43].

A BIM -based BEM without any interoperability igsaffers the automation of data exchange process that
would bringsignificanttime savings, error reduction, and simulation model reproducilpdy. Figure

2-12 demonstrates the ideal workflow of energy performance in thermal simulation tools based on BIM
[34]. Howeve, due to the interoperability issue in BIM to BEM process, whiskflow is obstructed.

In the next section, a detailed explanatiothefessencef interoperability issues is delivered.

2.3 Review of Interoperability

According to[55], interoperability is &ritical issue in the Architecture Engineering Constructimner

Operator community, especially between multiple models and tools. E48jdbe f i nes #fAl nt erope
as the ability to exchange ddtatween applications flawlessly, in order to have a smwothkflow in

which the model transaction is automated. This seamless exchange of data eliminates data repetition,
possible human error, and enables rapid reproductitireahode(3, 56].
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Other researchers define interoperabilitytlaes ability to ensure that data generated by any tool can be
appropriately interpreted by all other togk7]. Any misscommunication among tools can result in
interoperability issuef33]. Therefore theinteroperabilityissueghatarisebetween software result mot-
consistenaind fragmented, that prohibits the automatic flow of information from one tool to another.

Moreover, interoperability should also allow bidirectional update of building information, meaning that any
change in one of the tools engaged in the exchange process, should flow between the phodg8ins
Unfortunately currently,the flow of information is one directionaggardlessf theexchangdormat being
useds, 4, 58] Figure2-14.

According to KISS (Knowledge Industry Survival Strategy) interoperability classification framé¢2@rk
59], three interopeability levels can be identified thate summarizeh Figure2-13.

uFilelevel two tools successfullyexchange
files.

usyntax level two tools to successfully
parsethosefileswithout errors.

: : : othe ability of two tools to faithfully
Vlsuallzatlon visualizea modelbeingexchanged

level

. uaihe ability of two toolsto reacha common
Semantic

understandingof a modelbeingexchangee
with the samequality and consistency

level

Figure 2-13KISS (Knowledge Industry Survival Strategy) interoperability classification |ERR@ls

Interoperabity has by tradition relied on fitkeased exchange formats limited to geometry, such as DXF

and | GES. Later, in 19806s the need for for mat s |
developments that support product and object model exchathesdifferent industrie$3]. Appendix C

contains a list of the most common exchange formats in the AECOOQO industry.

Since the scope of this thesis is limited to interoperability issues related to Building Inforiatieting

and Building Energy Modelling, we will focus on te&change formats that corresponds to this specific
exchange requiremerfresently, IFQIndustry Foundation Clagsand gbXML (Green Building XML

XML is an eXtensible Markup Languadpased laguag¢ is the mostommondata schema that deals with

the BIM to BEM processeach of which has their own advantages and disadvaritgBsth of them are
developed to enable interoperability among different software environments and can be kept up to
datefor the duration of the building's life cyd® 4, 39, 40]

]

—



Itis a known fat that the process of BIM to BEM have a tendency to be uniquely performed by each expert
based upon methods and rutdghumb developed over time by that individ{l 6, 40] This statement

was observed durinthe period of this research as well. It seems that there are few experts who have
profound practical knowledge of exact BIM to BEM process, tislknowledge is not really openly
discussedn theinternet or in the literatureAs a result, BIM to BEM preess is a nogstandardized and
nonreproducible process in which the resulting endB models vary fronone modeler to the next,

even though the initiabuilding design information is the same for all mode[&(s33, 34, 40, 56, 60]
Abanda[61] states thathere is no real time link between BIM tools and BEM tpdlproblems exist in

the exported BIM model to data schemas, then, the modeldshe fixed from the beginning in the BIM

tool.

BIM BEM

Q-
S —

Figure 2-14 BIM to BEM process is one directional

Additionally, due to lack of seamless interoperability between BIM and BEM toolgsaamount of
informationis either not transported, not interpreted, appropriately reprodec], andetc [2, 4, 39]
Therefore, the automation of data exchange process wouldcornsglerabléime savings, error reduction,
and simulation model reproducibilif¢0].

In the next section, we will focus dRC because this is the format that we have worked with throughout
the projectThe reason ithatIDA-ICE, version 4.7.1, can accept this BIM input fornfatdetailed
summary of BEM tools and the data formats that they support is providé8]oy

2.4 Review of Industry Foundation Classes (IFC)

NASA wasone of the first companies that demanded a public domain exchange format from the CAD
software companies, in order to cut dowreikgenseson the translators amg all their CAD developers.

Two NASA-funded companies, Boeing and Gené&lalctric, offered toadopt some initial efforts they had
disjointedly undertaken. IGES (Initial Graphics Exchange Specificatiois) the resulting exchange
standard. Using IGES rededtremendousfforts and brought benefits for each software company, that
resulted in the IGES early success throughout rdasjgrs and engineering communiti¢3).

As a whole, data exchanges between applications are based on two levels of e8ctiema, and

Schema Languag8], Figure2-15. The nodelschemalescribes the meaning of the information exchanged.

The first file formats did not separate the way information was formatted from its semantic content, such

as | GES. However, in 19806s, t heeal langupga was tecognized o f t h
as an advantage that resulted in modern data exchange technologies with this diginction
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Schema Schema Languge

IGES

— many schemas SQL

IFC EXPRESS

cIS/2 /7 XMIl_S i
chema

STEP — Parts XML_DTD

BACnet XML-RDF

AEX

AECXML

cityGML

Figure 2-15 Modern Exchange formaf§].

With a rise in the demand of advanced data exchange technologies and file loteratstional Standards
Organization (ISO)in Geneva, Switzerland, initiated a Technical Committee, 8AC10 initiate a
subcommittee to develop a standard caBddEP (STandard for the Exchange of Product Model Data),
numbered ISEL0303, to address advance data exchange issues such as complex model, attributes and
relationsISO-STEPis one of their mainghievements that gave birth to tBXKPRES$nguage, developed

by Douglas Schenck and later contributed to by Peter WiBoBR2]. All ISO-STEP information is in the

public domain[3], and the EXPRESS language supports the modeling of products across engineering
domaingncludingmechanical and electrical systems, process plants, shipbuilding, process plans, furniture,
buildings, bridges and etc.

Since EXPRESS is a machineadable langage, a graphical display version of the language was developed
that is calledEXPRESSG for human users. following product models are related to buildings that have
been developed based on the {STEP through EXPRESS language:

AP 225
IFC

CIS/2

AP 241
ISO 15926

O O o0 oo

The explanation about all of these model scheimbsyond the scope of this repofherefore we will
focus onlFC (Industry Foundation Classince it is the format of exchange tlsatisedn this project.

The history of IFC starts in [att9%, when Autodesk initiated an industry consortium with twelve U.S.
companies. This consortiumas initially calledas the Industry Alliance for Interoperability (IAl). New
members were added to AIA which resulted in a name change to the InternationateAlfa
Interoperability in 1997 that continued to work as a nonprofit inddstrynternational organization, with
the goal of publishing the Industry Foundation Class (IFC) as a neutral data[&joéEwever, 1Al was
renamed tdBuildingSMART in 2005, and is known with this name ever since.

BuildingSMART aims to facilitates he fAsharing of i nformation throu:¢
environment asset, between all the participants, regardlegsialf software application they are using.

The machinereadable good quality data should be available for use throughout the design, procurement,
construction, mai nt e nce and operation phaseso
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BuildingSMART has five types of open standard, with IFC being its technical@®jreNonetheless, each
of these open standardssiss$ the delivery and support of assets in the built environment in their unique
way, as shown ifable2-1.

Name Abbreviation What it does Standard

Information Delivery IDM Describes Processes 1SO 294811

Manual ISO 294812

Industry Foundation IFC Transports Informatior 1SO 16739

Class / Data

BIM Collaboration BCF Change Coordination BuildingSMART BCF

Format

I nternational IFD Mapping of Terms ISO 120063

Framework for BuildingSMART  Data

Dictionaries Dictionary

Model View Definition MVD Translates  Processt BuildingSMART MVD
into technical

requirements
Table2-1 Five open standards &uildingSMART64]

2.4.1 Industry Foundation Classes (IFC)

According to BuildingSMART[63], IFC isa commondata schema (model) f&uilding Informatbon

Modeling datathat makes it possible to hold and exchange relevant data between different software
applicationsIFC is developed basamh ISOSTEP EXPRESS languags an open standard data model to
represent the entigelationship model. Moreover, IFEas ad ofwtn@p and r el ati onal
results ina largedata file size with relatively complex data representation struf2aie

In other words, IFC is the data structure in which the building informatiobe&atoredn, in a manner
that this data structure woubd comprehensibleetweerall tools.IFC is not controlledy a single
vendor or group of software vendpasdfor better interoperability between various parties it comes in
three formats:

. IFC-SFF,
. IFC-XML,
.  IFC-ZIP[3, 65]

Furthermore, Industry Foundation Classes (IFC) were devetomgtompasall the building information,
over the wholdifecycle, from feasibility and planning, through design (including analysis and simulation),
construction, to occupancy ambdilding operatior[66]. In general sense, these types of information are
geometric, semantic and topological informatiGeometric informatiors related to the building form and
shape in three dimensiohe semantimmformation defines the properties of components suchvasues

of walls. Topological information captures the dependencies of compdf&hts

Conceptually |FC is organized through four layemss depicted irFigure 2-17, namely: Domain layer,
Interoperability layer, Core l&y, and Resource lay@rhe definitions of the layers are:
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Domain layer:

This top layer includes schemas containing entities that are useful for defining products,
processes or resources in a specific donjaé) 65] An example of the domain is
AStructural .Analysis Domain

. Interoperability layer:

This layer includes schemas containing specific entity definitions that are related to a
general product, process or resource whgltommonly usedcross several domains.
These definitionsire typically usedbr interdomain exchange and sharing of comstion
information. IfcSharedBuildingElements belongs to this layer and encompasses IfcWall,
IfcWindows, etc [56, 65]

M. Core layer:
The Core |l ayer includes the AKernel 06 schema
schemas encompass the most general entity definitions that are related ts prmtes
control. Kernel Schema defines core concepts such as actor, group, process, relationship;
and Product Extension defines abstract building components space, site, building, building
element, annotations. Additionally, the entities defined at thelagee or above, hold a
globally unigue id and optionally owner and history informaftefh 65, 68]

(\VA Resource layer:

Thisis the lowest layer that includes all individual schemas containing resources that hold
corcepts which describe properties which are generic. Unlike core layer entities, Resource
layer definitions do not include globally unique identifier and shall not be used
independently of a definition declared at a higher layandamentaproperties sut as

date and time, geometry, material, measurements belong to the Resourcib&a@ér

68]. This layerholds the base Expredsfinitions[3].

Although IFC has the potential toepresent an extensivange of building design, engineering, and
production information, the range pbssble information to be exchanged in tAECOO community is
enormous Therefore, IFC has itsdvantagebut also has some shortcomings tsbeingimprovedby

every release Figure 2-16 shows the timeline of the release of the IFC versions sincédgmning
Currently, IFC5 is under completion and is expected to have better parametric capabilities and support
various infrastructure domaifg9].

2010s
2010 [2011  [2012 (2013|2014  [2015  [2016  [2017

000s
2000  |2001  |2002  [2008  [2004  [2005  |2006  |2007  [20%6  |2009

Figure 2-16 History of IFC releasef69]
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Figure 2-17 IFC2x3 Data schema architecture with conceptual lay@gs 71]

Figure2-18 shows an example of IFC hierarchy which is quaepicatedonthe first take As a matter of
fact, IFC consists of entities that have attributes as well as relationships with each other. &mtities
organizedn an inheritance hierarchy€., ertities could be subtypes/supertypes of other entities).

o Entities hold information about the types of objects, relations., (objectified relationships), or
properties.

o Obiject entitiescan be physicallperceptibldtems €.g, wall, window), other physilly existing
items €.g, space) or conceptual itenes g, processes, work tasks).

o Relation entitiesare used to disengage relationship semantics from the objects.

o Property entities allow the assignment of characteristithaf are not described by obje
attribute$ via relationship$3, 71, 72]

Another example is provided viigure 2-19 that shows the Inheritance graph for IfcWallStandardCase
with all the entities,elations, properties, taken frdi3], BuildingSMART IFC2x3.
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In the end, it is necessary to clarify what is a data model, or a data schemaadn fatta t a
a dedicategrammarfor a dedicated artificial language for that domain, regardless how data might be

Reloted BulldingElement

{INV) FillsVolds S(0:1)
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H

{INY) ConnectedTo S[0:7]

RelatingBuildingElement S[0:7] | licRelHasCoverings
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PredefinedType

| dfcWollTypeEnum

lfcWall
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Figure 2-18 An example ahe IFC structure for defining a weB]

ENTITY IfcWallStandardCase;
ENTITY IfcRoct;

Globalld
COwnerHistory
Name
Description

ENTITY IfcObjectDefinition;

INVERSE
Hasfizsignments
IsDecomposedBy
Deccmposes
Hashsscclations

ENTITY IfcObjsct;
CbjectType

INVERSE
IsDefin=adBy

ENTITY IfcPFroduct;
CbjectPlacement
Eepresentaticn

INVERSE
ReferencedBy

ENTITY IfcElement;
Tag

INVERSE
HasStructuralMember
FillsVeids

: IfcGloballylUnigueld;

IfcOwner tory;
OPTIONAL Ifclabel;
OPTIONAL IfcText;

SET OF
SET OF
SET [0:1]
SET OF

OPTIONAL Ifclabel;

IfcRelassigns FOR RelatedObjects;
IfcRelDecompeses FOR RelatingCbject;

OF IfcRelDecompeses FOR RelatedChbijects;
IfcRelAsscciates FOR RelatedCbjects;

SET OF IfcRelDefines FOR RelatedChjects;

OPTIONAL IfcObjsctPlacemsnt;
OPTIONAL IfcProductRspresentation;

SET OF IfcRelfAssignsTcProduct FOR RelatingProduct;

OPTIONAL Ifcldentifisr;

IfcRelCeonnectsStructuralElement FOR RelatingElement;

SET OF

ConnectedTo
HasCoverings
HasProjections=
ReferencedInStructures
HasPorts

EasCOpenings
IsConnecticnRealizaticn
ProvidesBoundaries
ConnectedFrom
ContainedInStructure

ENTITY IfcBPuil

ngElement;

ENTITY IfcWall;
ENTITY IfcWallZtandsrdCase;

END_ENTITY;

SET [0:1]

SET
SET
SET
SET
SET
SET
SET
SET
SET
SET

OF
OF
OF
OF
OF
OF
OF
OF
OF

[Q:

IfcRelConnectsElemer

OF IfcRelFillsElement FOR RelatedBuildingElement;

= FOR RelatingElement;

IfcRelCoversBldgElements FOR RelatingBuildingElement;

IfcRelProjectsElement FOR RelatingElement;

IfcRelConnect=FPortToElement FOR RelatsdElemsnt;

IfcRelVeoidsElement FOR RelatingBuildingElement;

metadata

Composttion
structure:
wall loyers,
material
propertles

Properties

Connections:
to ather walls,
cellling, floor

Structural
e

IfcRelReferencedInSpatialStructure FOR RelatedElements;

IfcRelConnectsWithRealizingElements FOR RealizingElements;

IfcRelSpaceBoundary FOR RelatedBuildingElement;
IfcRelConnect=Flement=s FOR RelatedElement;

11

OF IfcBelContainedIinSpatialStructure FOR RelatedElemsnts;

Figure 2-19 An example of Inheritance graph for IfcWallStandardCase IFC ¢F8s

moed e |
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represented in a computer system. A data model is constructed of desired classes of entities (kinds of
things), their attributes, and relationships agthe entities and among the attributes thems§hdgs




2.4.2 Information Delivery Manuals (IDM)

Information Delivery Manuals (IDM) was developed by BuildingSMAR® promot efficient
collaboration between AECOOQ participariBM is a methodology that captures and specifies the timing

and the type of processes and information flow that should be commurbedtexkrparticipants during

the lifecycle of a building. This metdology hasbeen accepteds a standard called: 1ISO 294B2010

ABui | di ng modeling informationadelivery manualPar t 1 : Met hod[tbl.ogy and

2.4.3 BIM Collaboration Format (BCF)

BCF encodes messages to enable workflow communication betlixsrseBIM tools and processes.

While it is initially developed by Tekla Corporation and Solibri Inc, it is now an official buildingSMART

stardard [64, 76] To put this into another context, Bacilitates the collaboration among different
collaborators othe samemodel by allowing them to voice their issues, offer answers and make comments
within an open file format that does not damntain
capabilityis separateffom the model itself77]. Currently,the BCF is available as:

0 bcfXML:an open file XML format,
0 bcfAPI: The RESTfulwebservicd76].

2.4.4 Model View Definition(MVD)

EachModel View Definition(MVD) is a subset of the IFC schema that is needed to satisfy a specific
Exchange Requirements of the AECOO indufti8]. MVDs define which set of data from IFC schema
based on which implementation instructions and validation rules sheulidedor a specific exchange
between two tool§78, 79] The reason MVD is called a subset of IFC schenthdt includes a small, but
specific, part of IFC concepts (classes, attributes, relationships, property sets, quantity defaitjons,
required for a specific implementat{é4]. In simple words, MVDs defines which information is needed
to be exchanged for which implementation. Several official M¥2sreleasedy BuildingSMART[80]:

l. IFC2x3 Basic FM Handver view,
Il. IFC2x3 Structural Analysis View,
Il. IFC2x3 Coordination Viewjoutdated as of January 2010),
V. IFC2x3 CoordinatiorView Version 2.0,
V. IFC4 Design Transfer View,
VI. IFC4 Reference View.

2.4.5 International Framework for Dictionaries (IFD)

Based on Eastmd3], in an early stage, the first issue was detected in the naming of objects and their
properties in the IFC schem&lhilea A Door 6 i s fAPor t abloregiana nt dgagidi a n , it
Persian. Thereforg¢he sameobject (or concept), can have different names in the different langudges.

is not only true about thebjectbut also true about the whole attributesl groperties that describe that

objectin IFC. That said, the second issue concerns one object or property that overlaps in different standards

or tools but is treated differently in each one, even though it is in the same lafjuage

Hence, the rned for addressing these issues was satisfied by developing the International Framework for
Dictionaries (IFD). ISO 12008 or IFD maps the terms between different languages to facilitate
interoperability[3, 64] Furthermore, IFD standard has promoted a reference library &litingSmart

Data Dictionary (bSDD}hat supports improved interoperability in the AECOO indu&4y 81]

]
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1S0 16739 (IFC)

Figure 2-20 Interaction of IFC, IFD, IDM, and MVD in the middJé4, 65, 82]

2.4.6 Classification of Space Boundaries in IFC schema

According to Bazjanaf38], space boundaries can be interior, exterior and virtual. If exterior, they can be
only1stor2ndlevel as exterior building el ements have only
models. He further states thi&C data model of buildings is the only data model that recognizes and
classifies all levels of space boundaries as specific modeaeentihat said st level space boundaries are

classified as space boundary type 1 in IFC; 2nd lsvelbssified as type 2#&nd, 3rd, 4th and 5th level

space boundaries are all classified as IFC type 2b because they all exhibit the same Delide/sR,

elaborates space boundary level classification in the IFC data schema.

Space Boundary Interior Exterior Virtual

Level/ IFC type

15t Level 1 1 1

2" Level 2a 2a 2a

3 Level 2b N/A 2b

4" Level Incorporded in 2b N/A Incorporated in 2b
5 Level Incorporated in 2b N/A Incorporated in 2b

Table2-2 IFC classification type for space boundary levels

2.5 BIM-based BEM Interoperability Issues

There are a number sfudies that havievestigated the interoperability issues targeting Bidded BEM
processGourlis and Kovaci¢?], Abanda and Byel$1], Ceranicetal. [83], Hyunetal. [84], and Moon
et al[4] have studied the interoperability issues in BIM to BEM process for existingstadies, while
their choice of BIM and BEM tools varies based on their criteria.

Thereforethe present project was developed as a continuation of such studies, only in a more systematic
manney and with a building model that is a worldwide standard buildiith simple geometry to better
track the interoperability issues.
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Chapter 3Methodology and Casstudies

This chapter is organized into three parthie first section maneuvers over the Revit concepts,
terminologies, and procedures that are necessary to ordive sake of understanding the resulikile
the second part discusdbe IDA-1 C E 6 septs, terminologies, and procedur&fterward, in the third
part, the case studies are presented.

3.1 Investigation of Revit

Revitwas choseas the BIM tool in this project due to wsdespreadapplication in the construction sector
[85] and in several academiesearchel?, 4, 33, 61, 83, 84, 86, 87T hissectiorwill focus on the concepts
that are relevant to the BIM, or BHdased Energgnodelling

Revit® software is a tool for actualizing BIM (Building Information Modeling). Tthidl compasdeatures

for architectural design, MEP (Mechanical, Electrical, Plumbing) and structural engineering, and
construction. Revit supports a multidisciplinary
modetb a s e d 0 p r odesmsconsttudandomarmage,buildings and infrastruct{z4].

3.1.1 Introduction

This chaptepresentgoncepts thare interconnectdoktween RevjtlIFC data schema, and IDIEE. Later
in Section3.3, several references will be made to the corsmexlained in thisection Notwithstanding,
comparisonfiave been madéetween the similar concepts in Revit and I thatare presentedtthe
end ofSection 3.2

3.1.2 Element Hierarchy in Revit
Knowledge of the element hierarchy of Revit helps to understand how Revit elemgeakportedo IFC,
and consequently, how thaye imprtedto IDA-ICE, or any other BEM tool.

Revit is an objecbriented softwareThis means that each object or element follows a hierarchical order.
This order is going tbe describedhere. If we consider each element as a block, this Wonkistsof 4
descriptive entry.

First, the definition of Element shoulik elucidated In Revit terminology, everything, by default, is
considered as an elememb starta projectin Revit, parametric building elemenisust beaddedto the
design Revit classifiegheseelements by categories, families, and typégure3-1is an exampl§88, 89]

1
I
Round
columns

Family

1
Rectangular
columns

Type

Figure 3-1 An example of Red@telement hierarchi89]
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The First entryin the Revit element Hierarchy Sategory. Category sits on the top tfe hierarchy A
Cakgory defines the visibility and graphical representation, organization and scheduling options of
Families inside the project.

The second hierarchal entryfamily. Each Family consists of 2D or 3D information groups that represent
a discrete building odocumentation element in the project. A Family outlines parametric, graphical and
documentation requirements.

The third hierarchical entry is calléiype. Type is a specific representatioha Family which serves to
define distinct parametric, graphicahd documentation characteristics tmatkeeach Type distinguished
from other Types inside a Family.

In the bottom of this hierarchy, lies tlieurth entry which isinstance An Instance is the individual
depiction of a Type in a specific project which defined by unique parametric, graphical, and
documentation characteristics that makes it unique from other instances in the samggioject

Category Family Type Instance

Figure 3-2 Revits element hierarchj90]

Figure3-3, demonstrateanother example of Element hierarchy inside the Revit interface.

Project Srowser - r2014_Aschitectunvt X

P Families
# Annotation Symbols
# Cable Trays
+ Ceilings

» - Columns

v Conduits

¥ Curtaan Panels

. Artaan ) i
» urtaan L uslions
s
o Curtain Wall-Store JOnt- Dt
. sar 3
Singl o e—
36" x 84" « Full Visior
= - Duct Systems
¢ Ducts 1
¥ Flex Ducts '}
3 M ¥
Ml ' |

Figure 3-3 Element hierarchy inside Rey&0]
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3.1.3 Element classes

According to Revit document at i on WheeeElemeytdarathang i n
dividedinto three classes: Model, Datum, or vigpecific class. Classes will then divide into Sildsses.

Model element @ss is classified as Hosts, Components; while M$@acific clasds categorizedas
Annotations and Detail Itenj90]. Figure3-4 demonstrates this explanation.

Element

Detail Items

Figure 3-4 Revits Element classg90]

3.1.3.1 Model Elements
Model element class refete the 3D elements in Revit that cha seenn the 3D view or the 2D views,
namely plan views, section views, and elevation views.

Hosts: The first characteristics of Host elements is that they can host Component Elements. These elements
are building elments that are constructed-site. Such as Walls.

Components:These model elemenase typically manufacturdouilding elements which are installed-on
site and requires Host elements to Host them. Such as Win@ojvs

Figure 3-5 Revitis Model Element visualizatid@0]
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3.1.3.2 Datum Elements
Datum Elements are 3D elements in Revit that are only visible in 2D views (plan views, section views, and
elevationviews etc)

Levels/Grids: To define and show specific elevations or nodes in the model elements or thelspsee
contextual element@reused

References:Similar to levels and grids, References are also contextual elements that define contextual
work surface for Model elements or provide direct links to other views of the Model eld8@nts

PLAN SECTION DETAIL

Figure 3-6 Revits Datum Element visualizati¢@0]

3.1.3.3 Annotation Elements

In Revit, Annotations are 2D elements that are specific to the view, meaning that if an annetditamn

in elevation view, it is only going to be visible in that view, and other views cannot show that annotation.
Therefore it is viewspecifig Figure3-7 shows these elements.

Annotations: Annotations are documentation elements to present construction information such as
measures to the user.

Detail Items: The other type of documentation elements that can overlay the model elements or stand alone
to describe the finite constructiof@0].

T T THEerrren

:
-

- PLAN + SECTION - DETAIL
Uemrm=r———— o ShmE T

Figure 3-7 Revits Annotation Element visualizati¢®0]

3.1.4 Definitions of Room, Space, Zone concepts

Since this project explores the concepts thataetedto both architectural design, and those related to
thermal energy calculations, the definitsoand differences between rooms, spaces, and amndslivered
here.




3.1.4.1 Room

A room is a subdivision of space within a building model, based on elements such as walls, floors, roofs,
and ceilings. These elements are defined as-ommding.Revitrefers b these roonbounding elements

when computing the perimeter, area, and volume of a room.

Rooms and room tags are separate but reRé®it components. Rooms anmgodel elementi Revit, like

walls and doors. Roortags areannotation elementhat canbe addedand displayed in plan views and
section views. Room tags can display values for related parameters, such as room number, room name,
computed area, and volumd.[1

Moreover, when Roomare placedn a bounded area, Will be momentarily showtby light blue color,
Figure3-8.

Iﬁ Room Separator

[ Tag Room - B2 Tag Area -
Room & Area ¥

Room,~Name of the Room
Number of the Roon

Figure 3-8 Room and Roorag elements insideeRit

3.1.4.2 Space

Revituses thespacecomponent to maintain information about the area where it is placed. Spaces store
values for a variety of parameters that affect the heating and cooling load analysis for a project.
Furthermore, this space information i®d$o calculate the volume of the area and to help determine heating
and cooling loads.

Spaces can bglaced (addedjp a Revit modelandunplaced, and deletebh this context, aplacingand
deleting spacesre not the sameéNhen placing the space (al$®oom) tag, theplane boundary is
automatically detected by the software, if therebanendedThere are three types of areas: bounded,-semi
bounded, or unbounded areas.

0 Bounded areasare areas that are boundedrbgmbounding componensich as walls, wtain
walls, curtain systems, columns, roofs, floors, and room and space separation lines.

0 Semibounded areasare notentirdy bounded by roorbounding components.

0 Unbounded areasare open areas without any rotmmunding componen{81].

After thatthe plane boundary situation of the area becomes cleanetrtical extent o& spaceshould
become clear as well. The vertical extegpiresents the space vertically from the base to the upper limit
[6]. Two optionsshouldbe filled: Upper Limit and Ofet.




Upper LimitandOffsetspecify the vertical extent fahe spaceThe upper limit selects a level above the
current level that defines the upper boundarytlierspaceThe Ofset specifies a distance above or below
the upper limit for the boundaryby default Upper Limit = current levelandOffset = 0' 0" (0.00 mm))

Finally, through the Building/Space Type Settings dialog, it is possible to create, duplicate, rename, or
delete space types. Space types could be officglefamily house, ando fath. Each of these typdsas
different thermal propertig8].

If the Space is constrained by a ceiling or other room bounding component instead of the level above, verify
that the upper limit of the space is specified to the next level abovee@elthethe space vertical)yif
necessary10]

A preciseheating and cooling loads analysis can only be accomplished if spaces are placed (created) in all
areas to account for the entire volumehef building model.

After pladng an space it is immediately asigned andadded to the Default zorehen theyare initially
addedto a projectHowever, eaclspaceshouldbe assignedo a zoneThis removes the space from the
Default zone[9]. Furthermore, fter placing a space in an enclosed area, the color of that vaill
momentarilyturn in greenkFigure3-9.

[ (2 e M [

Space| Space Space Space Zone
Separator Tag Maming

Spaces & Zones ~

ks

Figure 3-9 Space and Spadeag elements inside Revit

3.1.4.3 Zone

The Zonedefines one or morespaces that can be controlled by environmental control systems, such as
heating, cooling, and humidity contrgystemsin other words, zones contain spaces that have common
environmental or design requiremef@g]. This helps with theexecution ofload balancing and analysis
procedures on a building model [11].

Spaces in unoccupied areas such as plenumbecaddedo zoneslt is possible to add tags to identify
spaces, rooms, and zones in a project§phces that are on different levels assobe addedo the same
zone.lt is possible t@reate zone schedules and use a zone schedule to modify32jnes

In conclusion zones and spaces, and rooms are independkeach otherHowever,zone and spaces are
used together to achieedypical result.Revituses both zone and space information during a heating and
cooling loads analysis to determine #mergy demands of the building.
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Rooms are architectural components that maintain information about occupied areas, while Spaces are used
for the mechanical, electrical, and plumbing (MEP) disciplines to analyze volume, and for thermal energy
calculationsand heating and cooling loads analysis.

When one is using Revit for mechanical and Energy purppsaects always have at least one zone, the
Default zone. When spaces are initially placed in a project, they are added to the Default zone

Zone propertiecollect information from spaces, suchlesatingand cooling temperature set points that,
together withspace propertigss used with a heating and cooling loads analysis to determine the energy
demands of the buildin@2].

3.1.5 IFC export in Revit
During this research, one thing became apparent, wh
export window.

One of the issues thatas seriously highlightedluring different stages of this research was the proper
export of IFC from Revit to IFC. Diing many trial and errors, and numerous searché&#ernet it became
apparent to the author that not only the IFC export procedure is unclear, but also few professionals know
howto do it properly

This section is presented here because the IFC exjmatbw is Revit is complicated enough for #npert
users, let alone the beginners. Therefore,\iery hardfor thosewho arenot used to Revito export the
information they want to IFCorrecty. That said, one should tfamiliar not only with the gport IFC
window is Revit but with the structures and terminologies of [ECcorrectly export IFC entities from
Revit. Then, one should also Eemiliar with the IFC entities that Revit supports, simas all the IFC
entities are automatically supporteglRevit although it is possibl® enter them inside the Revit manually
or inside the IFC file, which both of them require superior knowledge of IFC data schema.

Then, another problem is also importants the IFCexportfor energy analysis purposé®hile there are
several default modes for IFC, few sourtese explained about the proper export of IFC for energy
analysis purposefo3]

Therefore, here we decided to explaim stepby step fashion about the IFC export function in Revit.
Because in the Results chapter some issues are explained thdirbeseldionship with the wayheuser
has.

This project has been done using IFC Expovension 18.2.0.00n 26.02.2018, a new version of IFC
exporterwas releasethatis not usedere.

3.1.5.1 IFC exporter options

In this section, the options available in the IB@a@ter in Revit willbe explainedFigure3-10 shows the

first windowthat deals with IFC export. Firstly, the file name is the location where the output IFC file will
be saved Secondly, theCurrenty selected setup should be chosen between two optionsSeskion
Setup>, and Modify setép

The <InSession Setup> providdseuserwith a set of predefined standard Model View Definitions (MVD)
[94], similar to those presented in the box number Riguire3-11. Upon selecting the 18ession Setup,
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no modifications cabe maden the IFC export options of the predefined standard MVDs. However, The
Modify setu@ helps to develop a customized IFC setup.

Finally, the Revit project (withrvt suffix) that the user intends to export to IFC should be chosen in the
Projects to export box, irigure3-10. In the next sections, options and tabs that are available in the Modify
setug thebuttonwill be explined

Export IFC *
File name: C\Users\Arghavan'\Desktop\Revit_remodel_check_results for ra
Current selected setup: <In-Session Setup> = Modify setup ... |
IFC Version:

Projects to export:

| IFC Exporter Explained.rvt

Export | | Cancel

v. 18.2.0.0

Figure 3-10 IFC exgdorer

3.1.5.1.1 In Session Setup

In Session Setymumber 1 irFigure3-11refers to the preset export definitions and configurationsatieat

reaily existedin Revit. In fact, each of these configurations refers to a specific Model View Definitions
(MVD). If the user selects these preset defaults, then it is not possible to change the options in any of the
tabs. AutoDesk has explained each of¢hesfBlers si on [t ups O i n

Moreover, it is possible to creadaesiredconfiguration of IFC exporbptionsand save it for future use.
Thisis possible through the button shown as number Rigmre3-11. This pro@dure is further explained
in section 3.15.2, to create a desire IFC export-sgtfor energy analysis purposes.

Muodify Setup x

n-Sessian Setup> General | Additional Content | Proparty Sets | Level of Detail | Advanced
FC2x3 Coordmation View 2.0 Setups

£ version IF C W »

FC2x3 Coordination View Setup> IFC wversice C 23 Coordination View 2.0
FC2x3 G54 Concept Design BIM 2010 Setug)

File type IFC -
FC2x3 Basic FMl Handover View Setup> i
FC2x2 Coordination View Setup> Phace to export Default phase to export o
FC2x2 Singapare BCA e-Plan Check Setup>
FC2x3 COBse 2.4 Design Delrverable Setup > Space boundanes None 2

FC4 Reference View Setup> .
| Split Walls, Coluenns, Ducts by Level

FC4 Desgn Transfer View Setup> .
1 File Header Information... |

Project Address.. |

D. ) B [ ox | [ canca |

Figure 3-11 IFC exporter Modify setup window, IreSsion Setufil), and Creating customized Sab (2)
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3.1.5.1.2 General tab
The first tab is the General tab, timshownin Figure3-12.

Moddy Setup X
<In-Session Setup> General | Additional Content | Property Sets | Level of Detad | Advanced
<IFC2x3 Coordination View 2.0 Setup>
FC versi wC2 View 2

<IFC2x3 Coordination View Setup> Sersion 23 Cosatnmion e 20

3 GSA Concept Design BIM 2010 Setup> = v

At File type wC

3 Basic FM Handover View Setup>

2 Coordination View Setup> Phase to export Default phase to export

2 Singapore BCA e-Plan Check Setup>

3 COBie 24 Design Deliverable Setup> Space boundanes None v

<IFCA Reference View Setup>
Spit Walls. Co 5 5 by Level
<IFCA Design Transfer View Setup> Spit Walls, Columns, Ducts by Leve!

Fide Header Information...

Project Address...

) B B oK Cancel
Figure 3-12 IFC exporter Modifysetup window, Gereral tab

l. IFC Version

ThelFC Version shoulde specifiedamong the IFC versions that were preseimedn-Session Setup>
Figure3-13. The difference ithattheusercan now modify this chosesin-Session Setup>.

Modify Setup x
<In-Session Setup> General | Additional Content | Property Sets | Level of Detail | Advanced
<IFC2x3 Coordination View 2.0 Setup>
<IFC2x3 Coordination View Setup> IFC version IFC 23 Coordination View 2.0 e
<IFC243 GSA Concept Design BIM 2070 Setup>|| IFC 242 Coordination View
File type IFC 23 Coordination View

<IFC2x3 Basic FM Handover View Setup>

<IFC2x2 Coordination View Setup> Phase to export
<|FC2x2 Singapore BCA e-Plan Check Setup>

<|FC2x3 COBie 2.4 Design Deliverable Setup> Space boundaries
<|FC4 Reference View Setup>

IFC 2x3 Coordination View 2.0

IFC 2x3 GSA Concept Design BIM 2010
IFC 2x2 Singapore BCA e-Plan Check
IFC 243 Basic FM Handover View

<IFC4 Design Transfer View Setup> [ Split Walls, Columns, Ducts by Level IFC2x3 COBie 2.4 Design Deliverable View
IFC4 Reference View
IFC4 Design Transfer View
| Project Address... |
) b B B ‘ OK | | Cancel |

Figure 3-13IFC exporter Modify setup wdow, IFC version

Il File Type

File Type refers to the different types of IFC file that ugishesto use, namely:

IFC

IFC XML
Zipped IFC
Zipped FC XML

O o0OO0Oo

M. Phase to export

Then, the Phase to Export da@ chosetetween Existing and New Construction. If nothimghosenthe
Default phase to expowtill export the default phase of the elemeatthe IFC file.

V. Export Space Boundaries

—
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Space Boundariegefines the relationships between Spaces and their Boundagesyrrounding Walls,
Floors, WindowspPoors and etg.in the export. There aoptions in Revit IFC exporter:

o None:Rooms/Spaceare exporte@s static components without any relatiothiir boundaries.

0 1st Level:Room/Spaces are exported withsicreference of their boundaries.

0 2nd Level: Rooms/Spaces are exported with full relationships to their boundaries, including their
properties for materials, energy transmissions and s$ushould be notedhat2nd Level Room
Boundariesaresuitable for energy analysis.

V.  Split walls and columns by level

If walls and columns have a height of multiple levels, this optitincut them into pieces by level.

VI. File Header Information

This option would add some administrative properties to the, I&€ can be observed Higure 3-14 in
Revit

File Header >
File description .value is set according to export option
Source file name wvalue will be sef on export
Author's name Arghavan Akbarieh
Author's email arghavaa@stud.ntnu.nc
Organization NTNU/Unibo
Authorization BIM Author
Application name Autodesk Revit 2018
Version number 20170223_1515(x64)
File schema wVvalue is set according to export option
| 0K | | Cancel |

Figure 3-14 IFC exporter Modify setup widow, Gereral tab, File Header Informationé

This information will be added to the beginning of the IFC Higure3-15.

FILE_DESCRIPTION(( ‘ViewDefinition [CoordinationView V2.8]'),'2;1);
FILE_MAME('©8@1",'2018-02-22T21:32:18"',( "Arghavan Akbarieh','arghavaa@stud.nthu.ne’),
{"NTHU/Unibo" ), *The EXPRESS Data Manager Version 5.82.0180.87 : 28 Aug 2013°,'28178223_1515(x64)
- Exporter 18.2.9.8 - Alternate UI 18.2.8.8°, 'BIM Auther');

FILE_SCHEMA{('TFC2X3"));

ENDSEC;

DATA;
#1= IFCORGANIZATION($, Autodesk Revit 2818 (ENUY',%,3%,3);
#5= IFCAPPLICATION(#1,2018°, Autodesk Revit 2818 (ENU}, Revit®);

Figure 3-15 How File Header Information is exported to IFC file.

VII. Project Address

—
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As the name suggests, this option fills the address informé&iigure3-16. The checkbofiUpdate Project
I nformationodo copies t hi sFigade3tla

i nto

t he

Project

ThereforeProject Informatiorin the Addressabwill be copied into théroject Addresselated tdEnergy
Settingsand will end up eventually in the IFC fil8ince the location of the case study is in Denver, CO,

USA, we wrote the address an Figure3-16.

Project Address X

Purpose User Defined ¥

Description BESTEST 600

User-defined purpose Energy Analysis

Address line 1 W Colfax Ave

Address line 2

P. 0. Box

City Denver

Postal code 12345

State Colorado

Country UsA

Internal location

Update project information
OK | | Cancel
Figure 3-16 IFC exporter Modify setup wdow, Gereral tab, Project Address
B Project Information
Family: System Family: Project Information b Load...
Type: ~ Edit Type...
Instance Parameters - Control selected or to-be-created instance
Parameter Value
Identity Data H
Organization Mame Unibo&MNTHU
Organization Description University
Building Mame BESTEST 600
Author Arghavan Akbarieh
Energy Analysis 2
Energy Settings Edit...
Other 2
Project Issue Date |ssue Date
Project Status Project Status
Client Name Owner
Project Address W Colfax Ave
Project Narme Project Mame
Project Mumber 0001
cance

Figure 3-17 How Project Address is written into other sections of Revit
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This information will be written in IfcProject, IfcPostalAddress, and IfcBuildergcan be seen kgure
3-18.

#111= IFCPROJECT(*38MALohznBPQGipTBMuHve® ,#47,°0001°,$,%, "Project Name', Project Status',(#103),#98);
#117= TFCPOSTALADDRESS(.USERDEFINED. , ‘BESTEST 688", ‘Energy Analysis',$,('W Colfax Ave'),$, ‘Denver',‘Colorado’, '12345","USA*);
#119= TFCBUILDING( ' 38MALohzn@PQGIpTBMuHvd ", #47, 'BESTEST 600°,%,%,#32,%, ‘BESTEST 600°,. ELEMENT.,$,$,#117);

Figure 3-18 How Project Address is exported to IFC file

3.1.5.1.3 Additional Contentab
Figure3-19 shows the available options in this tab.

Modify Setup X

<In-Session Setup> General | Additional Content | Property Sets | Level of Detail | Advanced
<IFC2x3 Coordination View 2.0 Setup>

<IFC2x3 Coordination View Setup>

<IFC2x3 GSA Concept Design BIM 2010 Setup>
<IFC2x3 Basic FM Handover View Setup>
<IFC2x2 Coordination View Setup>

<IFC2x2 Singapore BCA e-Plan Check Setup>
<IFC2x3 COBie 2.4 Design Deliverable Setup>
<IFC4 Reference View Setup>

<IFC4 Design Transfer View Setup>

[ Export 2D plan view elements
[ Export linked files as separate IFCs
[] Export only elements visible in view

Export rooms in 3D views

Figure 3-19 IFC exporter Modify setup widow, Additional Content tab
[.  Export 2D plan view elements
This option exports 2D components from the Plan View.
Il Export linked files as separate IFC

By selecting this option, any Revit links in the project would be expgateseparate IFCs, while not
selecting it, exclude Revit linK95].

II. Export only elements visible inthe view

If this option is selected, only objects visible in the current view would be expQieeiwise the entire
model is exported to IFC.

3.1.5.1.4 Property Setsab
Property Sets tab is shownkigure3-20.
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Madify Setup X

<In-Session Setup> General | Additional Content | Property Sets | Level of Detail | Advanced
<IFC2x3 Coordination View 2.0 Setup>
[ Export Revit property sets
<IFC2x3 Coordination View Setup>

<IFC2x3 GSA Concept Design BIM 2010 Setup>
<IFC2x3 Basic FM Handover View Setup>
<IFC2x2 Coordination View Setup>

<IFC2:2 Singapore BCA e-Plan Check Setup> [ export only schedules containing IFC, Pset, or Common in the title

[ Export IFC common property sets
[ Export base quantities
[ Export schedules as property sets

<|FC2x3 COBie 2.4 Design Deliverable Setup> [ Export user defined property sets
<|FC4 Reference View Setup> c\ProgramData\Autodesk\AoD ionP =

<IFC4 Design Transfer View Setup>
[] Export parameter mapping table

| Classification Settings...

E
Figure 3-20 IFC exporter Modify setup wdow, Property Sets tab

l. Export Revit Property Sets

This exports all Revit Parameter Groups as separate IFC Property Sets, and the parameters inside with it
Use this if you want tbandoverdata that does not get mapped to a Common IFC parajaéler

1. Export IFC Common property sets

All IFC classes have common property sets (IFC version of a hardcoded set of parameters)chisekthis
boxto export that and mappecifichardcoded Revit parameters to thi9.

M. Export Base Quantities

This option helps to export an IFC property setfentaincategories (such as floors and walls) that contain
guantity parameters such as Gross Aredyme, based on measurements of the actual objects (and not
paraméer values inside RevifP6].

V. Export Schedules as Property Sets

Schedules would be exported as Property Sets through this dpsbould be noted that this option will
exportall of the schedules that are present in the project, regardless of the type of parameters, be it shared
parameter or project parameter, and even calculated \akjes

V.  Export user definedproperty sets
If selected, you can specify the namedéxt file that contains the property set definiti{9g.
VI. Classification Settings

The Classification tab allowthe userto specify the classification system used in ph&ect. Following

exampldastakenfrom[96], andshows low thisisdoneL et 6 s say you want to name

througha specificclassification system. Angou want to export this datat he Ro o ms . Her eds
do this:

1. Create Key Schedula Revit.

2. Add a parameter called <ClassificationCode>

3. Add rows as desired and fill in the data.

4. In the KeyName you add the description you want to use to select the paravaéerin

the project




5. The parameter <ClassificationCode> should have the following syntax:
[ClassificationCode]classification_descrii <ClassificationCode> is the name
of the Classification Code you want to be added to the IFC (the local Building
Code, Naming system auch. The <Classification description> is the instance
value you want aertain Object to havex(g, Living Room) n the IFC Export

6. Select Rooms, add the desired Kehedule.

7. Export

Note: This option might be export correctly to IFC, or not. Therefore, Revit users should carefully examine
the IFC file to make sure the desired values are exported.

3.1.5.1.5 Level of Detall t®
One tab is dedicated to Level of Detail, as can be se€igime3-21.

Modify Setup X

<In-Session Setup> General | Additional Content | Property Sets  Level of Detail | Advanced
<IFC2x3 Coordination View 2.0 Setup>
<IFC2x3 Coordination View Setup> Level of detail for some element geometry Low

<IFC2x3 GSA Concept Design BIM 2010 Setup> | [T Keep Tessellated Geometry as Triangulation
<IFC2x3 Basic FM Handover View Setup>

<IFC2x2 Coordination View Setup>

<IFC2x2 Singapore BCA e-Plan Check Setup>

<IFC2x3 COBie 24 Design Deliverable Setup>

<IFC4 Reference View Setup>

<IFC4 Design Transfer View Setup>

Figure 3-21 IFC exporter Modify setup wéow, Level of Detail tab
l. Level of detail for some element geometry

Level of detail for some element geomelias four levelsthat control the level of tesdkation for some
Revit element$95]. According to AutoDesk95], the main Revit elements that are affected by this option
areelbows, floors, pipe fittings, railings, ramps, spaegsistairs. Also, highly detailed extrusion profiles
are affected for these items.

Thefour levelsconsistof:

Extra Low
Low
Medium
High

o O oo

Il Keep Tessellated Geometry as Triangulation

Creating IEC file throughlFC Exporter using BRep®sults ina massivefinal output This option keeps
the exported elements as triangulation rather than BRéhs

3.1.5.1.6 Advanced tab
Several options are presentedheuserin the Advanced tab as shown in




Modify Setup *

<In-Session Setup> General | Additional Content | Property Sets | Level of Detail | Advanced
<IFC2x3 Coordination View 2.0 Setup> -
. [] Export parts as building elements
<IFC2x3 Coordination View Setup>

<IFC2x3 GSA Concept Design BIM 2010 Setup>
<IFC2x3 Basic FM Handover View Setup>
<IFC2x2 Coordination View Setup>

<IFC2x2 Singapore BCA e-Plan Check Setup>
<|FC2x3 COBie 2.4 Design Deliverable Setup>
<IFC4 Reference View Setup>

[] Allow use of mixed "Solid Madel" representation

[[] Use active view when creating geometry

[ Use family and type name for reference

[] Use 2D room boundaries for room valume

[] Include IFCSITE elevation in the site local placement origin
[ Store the IFC GUID in an element parameter after export

Export bounding box
<IFC4 Design Transfer View Setup> [ Exp 9

m
Figure 3-22 IFC exporter Modify setup widow, Advanced tab
I.  Export parts as building elements

If there ardParts inthemodel, this checkbox will expotihemas separate elements with no relationship to
the original objectcheck this option off helpgo export Parts as a setement of the encompassing object
An example is delivered here, taken fr{96].

If theuserhas a wall split into partsthis is the right IFC:

IfcWall

IfcBuildingElementPart

IfcBuildingElementPar

IfcBuildingElementPart

However,if the Export parts as building elemeargchecked off, this will be the result:
IfcWall

Ifcwall

Ifcwall

Neverthelessfor both optionsPartsshouldbe ur ned on i n the view (and it
elementsisible in viewo) [96].

Il Al l ow use of mixed ASolid Model 06 representatio

This option allows the mixing of BRep and extrusion geometries for erf@6&sThis can result in smaller
IFC files.

Generally, Revit exports any given geometry in two waystly, Extruded solids, secondly, Boundary
Representation.

I.  Extruded solids: It means drawing the base and extruding it to a given height.
Il. Boundary Representatioto explain this, following quote frorAngel VelezIFC developer for
Autodesk s presentedaken from96]:
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AiThe defaul't exporter uses either one: Sol
exported as a Solid, ités exported as a BRe
(especially with curved forms). Checking thtion means the OS Exporter will always

use Solids for those parts that can be defined as such. Only the parts that cannot be defined

as a Solid wild.l be exported as a BRepo.

M. Use family and type name for reference

Al l | FC obj ect s h aev(sortafaTypedarkandkMark i one)pThis letsyeutcombine
Family and Type Name into that Reference parameter.

V. Use 2D room boundaries for room volume

Checking this box means Revit will treat a Room Separation Line as a spatial element with a deight an
area when calculation the Room boundary area.

V. Include IFCSITE elevation in the site local placement origin
To describe this option, a direct quote from Angel Velez from Autodesk, cifé@]ins presented here:

AA site has C&V ZOspetificatient the Z Bffset $héuld be included in the specification

of the I FCSITE, NOT in its |l ocal pl acement origi
the site being 2x as high as it should be. However, most existing appkcatonon 6t f ol | ow t |
standard, and so doing the right thing generates the wrong picture. So, check this if you want bad IFC

files that behaveorrectly.d

VI. Store IFC GUID in thefile after export

Just like all Revit components, their IFC counterpartel@awunique identification code, the IFC GUID.
Checking this option results in the creation of an instance parameter in all exported objects called <IfcGuid>
and writing the value to it.

Select this option to store the generated IFC GUIDs in the projecaffier export. This will add "IFC
GUID" parameters to elements and their types, and Project Information for Project, Site, and Building
GUIDS.

VII. Export Bounding Box

Export Bounding Box optionsn simplewords providethe ability to export a simple geomietshape
instead of more profilel®6].

3.1.5.2 IFC exporter configuration for Energy Analysis purposes
In this sectiona step by step guide is presented that was followed focubmizinglFC export from
Revit 2018through IFC exporter, for the paose of Energy Analysis

To begin with, as can be seenFigure3-23, the first step is to find thB=C (number2) in the Export
section(number 1)of the pulldown File tab inside Revit. It is advised to download the install the latest
version of IFC exporter in order to benefit fully from latest improvenj@wis

Then, a new window will pop ugsigure3-24. First, if ®veral Revit projects are opened simultaneously,
the name of the desired project shouldchesenin the Projects toexportlist. Afterward, Mddify setup
€ 0button should be pushed to configure the export options for energy analysis purposes. Hothever, if
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<In-Session Setupbutton is chosen, a number of predefined standard Model View Definitions (MVD) are
presented to the usg4].

For example, IFC2x3 Coordination View 2.0 gives a hidklfty of geometry94], among these predefined
setupd,FCorixy3 IGSA Conc eissettdespsrtPievel sBaceNbound}gsDIrdeed,
if the userselecs <In-Session Setupinstead ofiMo d i f y  steettabgpwillédbé locked for further
configurations. Thatiwhyi t was set eMordliifegr sted uphewde

ReBG-5-2-8=2-,0A 6-0F

Archtectire  Structure Systerns Inset  Annotate Analy:

,—.
OJB Creates exchange files and sels opbons.

D Yoew ’ _;’ CAD Formats .
CA Creates DWG, DOF, DGN, o¢ SAT files

E Open . g OWI/DwWrx

Creates DWF or DWFx Niles

g Save g_ Bausdding Sde

Exports an ADSK exthange file,

4 swveAn [ rox

BOE  Seves 3D ve

Ly
i

Family Types
Exports famibly types from the current
ety !

GEAMI

e -
Saves an IFC the. |

00BC Database

Pree » I l Saves model data 1o an ODBC
database

Images and Anémations
Saves animations o¢ image files

Optioes Exit Rewit

Figure 3-23 IFC Exporter in Revit

Export IFC *
File name: CilksersiArghavaniDesktophIFC REVIT EXPORT\Revit IFC Expor Browse ..
Current selected setup: <In-Session Setups Sl | Mod-'-fr SEtUD ... 1
IFC Version:

Prajects 1o expost:

|'¥ Revit IFC Export Model.nat |

| Bpen | | cCance

v 182.00

Figure 3-24 IFC Exporter in RevjtModify Setup
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The first tab to deal with is the General tabst, thelFC Versionshould be specifiedrigure3-25, number

1. Then,File typeshould be chosenn this study, IFC was chosen for the expBigure3-25, number 2

In the next stepthePhase to Exportan be chosen betweEristingandNew Constructionin thisproject

all the elements are New Constructiomg &xploring this option was beyond the scope of this study. Hence,
this option was set to default.

A crucial setting that is crucial for the energpalysisis the Space boundarieBy default, theSpace
boundariesdrop down is set to none. However, Emernalysis software requires second level space
boundary. ThusSpace boundariesust be set to"2Level as shown ifigure3-25, numberd. The material

of the building element and the adjacent spaces behané itonsidered for the®evel spacédoundary

since they provide thermal propert{88, 99]

It is usually recommended not to check off Split watld aclumns byhestory. The reasoning behind this
recommendation is that this option would cut walls and columns that have a height of multiple levels into
pieces by level93, 96]

Furthermore, it is recommended t.oGhaosngRevitPreperfyEXx por t
setsexports all the parameters associated with that object oFigare3-26. However, on the downside,

it provides no consistency. None of the informaiiim the property set that aligns with the IFC standard.
File sizes are unnecessalidygebecause some data are being exported that arerafath

Modify Setup X
<In-Session Setup> |Additional Content | Property Sets | Level of Detail | Advanced
<IFC2x3 Coordination View 2.0 Setup> III
. )
<IFC2:3 Coordination View Setup> FC version | [FEETE D ]
<IFC2x3 GSA Concept Design BIM 2010 Setup >
ot Design P fiepe = ] [2]
<IFC2x3 Basic FM Handover View Setup>
<IFC2x2 Coordination View Setup> Phase to export | Default phase to export B | EI
<IFC2x2 Singapore BCA e-Plan Check Setup>
<|FC2%3 COBie 2.4 Design Deliverable Setup> Space boundanes None e
<IFC4 Reference View Setup> i None
<IFC4 Design Transfer View Setup> [ Split Walls, Columns, Ducts by Level Tet Lovel
2nd Level | EI
[ Project Address...

Figure 3-25 IFC Exporter, IFC general details, Space boundaries
Modify Setup *

<In-Session Setup> General | Additional Content | Property Sets | Level of Detail | Advanced
<IFC2x3 Coordination View 2.0 Setup>

<|FC2x3 Coordination View Setup>
<IFC243 GSA Concept Design BIM 2010 Setup| |
<IFC2x3 Basic FM Handover View Setup> L Export base quantities

1 [[¥] Export Revit property sets

Export IFC common property sets

<IFC2x2 Coordination View Setup> Export schedules a5 property sets

<IFC2x2 Singapore BCA e-Plan Check Setup> ] Export only schedules containing IFC, Pset, or Common in the fitle
<IFC2x3 COBie 2.4 Design Deliverable Setup> | [] Export user defined property sets
<IFC4 Reference View Setup> a\Autodeck\A

<IFC4 Design Transfer View Setup>

[[] Export parameter mapping table

Classification Settings...

y [ @ B Cancel
Figure 3-26 IFC Exporter, IFC Property Sets configuration for Energy Analysis Pwpos

It is recommendethat theleft ficurrent view onlgremainsunchecked for the entire project to be exported
[99]. If this option is marked, only elements that y@n see with your eyes will be exported, and for
exampleit is possible for the windows on the other side of the view, not to be exported.
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No Changes were made, in thevel of detaitab, andhe Advancedab. They are left to defaulOf course,
due to the simple geometry of this casady,we preferredheLevel of detaibptionto beset as Lav[98].

In anutshell all these configurations allow us to define our own customized model viewtidefiAlso,
following these guidelinecan ensure a quality export

Note One:If an option is explained iection 3.15.1, and not here, it means that the default setting was
used.

Note Two: There are over 100 cditd companies for the IFC import and exchange of informfijn

Note Three: The reason IFC2x3 was used during this project instead of IFC4 was that, bas¢@4lipon
IFC4 is not yet certified for export and import over many platfoffusthermore, some problems have
been reported by Revit users when exporting to IFC4 in Revit, including:

o Walls that do not host doors or wingle are included in the IFC file, as expected.
0 Walls that host doors or windows are unexpectedly not present in the IFDole
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3.1.5.3 List of supported IFC classes by Revit

Following is a list of supported IF€asses in Revit provided by AutoDegdi1].

IfcActuatorType
IfcAirTerminalBoxType
IfcAirTerminalType
IfcAirToAirHeatRecoveryType
IfcAlarmType

IfcAnnotation

IfcBeam

IfcBoilerType
IfcBuildingElementPart
IfcBuildingElementProxy
IfcBuildingStorey
IfcCableCarrierFittingType
IfcCableCarrierSegmentType
IfcCableSegmentType
IfcChillerType

IfcCoilType

IfcColumnType
IfcCompressorType
IfcCondenseType
IfcControllerType
IfcCooledBeamType
IfcCoolingTowerType
IfcCovering

IfcCurtainWall
IfcDamperType
IfcDistributionChamberElementType
IfcDistributionControlElement
IfcDistributionElement
IfcDistributionFlowElement
IfcDoorType
IfcDuctFittingType
IfcDuctSegmentType
IfcDuctSilencerType
IfcElectricApplianceType
IfcElectricFlowStorageDeviceType
IfcElectricGeneratorType
IfcElectricHeaterType

IfcElectricMotorType
IfcElectricTimeControlType
IfcElementAssembly
IfcEnergyConversionBvice
IfcEvaporativeCoolerType
IfcEvaporatorType
IfcFanType
IfcFastenerType
IfcFilterType
IfcFireSuppressionTerminalType
IfcFlowController
IfcFlowFitting
IfcFlowInstrumentType
IfcFlowMeterType
IfcFlowMovingDevice
IfcFlowSegment
IfcFlowStorageDevice
IfcFlowTerminal
IfcFlowTreatmentDevice
IfcFooting
IfcFurnishingElement
IfcFurnitureType
IfcGasTerminalType
IfcHeatExchangerType
IfcHumidifierType
IfcJunctionBoxType
IfcLampType
IfcLightFixtureType
IfcMechanicalFastenerType
IfcMemberType
IfcMotorConnectionType
IfcOpeningElement
IfcOutletType

IfcPile

IfcPipeFittingType
IfcPipeSegmentType
IfcPlateType

IfcProtectiveDeviceType
IfcPumpType

IfcRailing

IfcRamp
IfcReinforcingBar
IfcReinforcingMesh
IfcRoof
IfcSanitaryTerminalType
IfcSensorTye

IfcSite

IfcSlab

IfcSpace
IfcSpaceHeaterType
IfcStackTerminalType
IfcStair
IfcSwitchingDeviceType
IfcSystemFurnitureElementType
IfcTankType
IfcTransformerType
IfcTransportElementType
IfcTubeBundleType
IfcUnitaryEquipmentType
IfcValveType

IfcWall
IfcWasteTerminalType
IfcWindowType
IfcProtectiveDeviceType
IfcPumpType

IfcRailing

IfcRamp
IfcReinforcingBar
IfcReinforcingMesh
IfcRoof
IfcSanitaryTerminalType
IfcSensorType

IfcSite

IfcSlab
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3.2 Investigation of IDAICE

IDA-ICE (IDA Indoor Climateand Energy)is a commercial energy simulation software developed by the
Swedish companEQUA Simulation AB[102]. The firstversion(Swedish versiomvasreleasedn 1998

and the first international version was released in 1998)]. That saidthe laestversioni.e., version 4.8,
was released ilate 2017104, 105] The current study is based A -ICE version 4.7.1.

IDA ICE calculates the energy usage amdoor thermaklimate for buildings by using a dynamic multi
zone simuhtion Eachzone allovs different temperature s@bints, internal loads and different airflows,
all with time-schedulesnordero consi der buil dingbés (166 occupant s)

The capabilities of IDACE includecalculating following items:

0 Heat balance of theonethat includedoadsof sun radiation, light, occupants, furniture, heating
and coolilg devices, air leakagegentilation,and surface transmission
Solar radiation through windowsonsideringshading devices and surrounding elements
Temperatures of air and surfages
Operative temperatures
Comfort indicesPredicted Mean Vote (PMV) ariRfedicted Percentagé Dissatisfied (PPD),
Daylight leve|
Air CO2 and moisture levels
Wind and buoyancyrivenairflows through openings and leaks
Airflows, CO2, pressureand moisture at different locations of the handling and distribution
systems

0 Heating powefrom heating and cooling units, equipment, occupants, light, solar radiation

0 Total energy cost using tirgependent pricgd03, 107]
Furthermore, moverview of IDAl CE6s i nt er f aAppendik & presented in

O OO0 0OO0OO0OOo0OOo

3.2.1 Objects in IDAICE
This sectionwill go over the Objects and object hierarchy in HDZE.

3.2.1.1 Data Object

The Dataobject is the whole IDA system or an element ef DA system witha certaimameanda type.

The tDataabjech i s used to distinguish between el ement
Eachdata object has a name. The name is unique among the components of the same parent.

3.2.1.2 Hierarchy of Daa objects

The IDA System is a hierarchy of data objects (components). Every data object has a list of attributes (e.g.,
name, description, type, value) and componéntbcomponents). A component is also a data object that

is a part ofa greatepbject (farent).Every data object has a parent object which is the object containing it.

In IDA ICE, all data objectsare classified as class, entity, and type.

3.2.1.2.1 Class
All classes are buiin in IDA Modeler. The classes are defined in the IDA Simulation Envirohmueth
cannot be changed. The main classes consist of:

o0 Equation Object,
0 Macro Object,
o0 Variable,
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o Interface,
o Parameter,
0 Resource.

3.2.1.2.2 Entity
Entities define the physical nature of an object. The entities are defined in thapiidations Typical
entities are:

wall,
window,
radiator,
etc.

O O oo

3.2.1.2.3 Object Type
The object type is eesourcehat holds the default settings for objects of that type.-EEAsupports user
defined types.

3.2.1.2.4 Resource

A resource is a data object that stores the common parameters for othebjdata. Unlike othe
componentsthe resources are not interpreted as parts of the containing object. The resources can be stored
inadatabasg=ol | owi ng exampl es, that are taken from | DA

o Example 1:

A building can contain the resource Concrete (of type Material). This does not mean that there is some
amount of concrete in the building. This means that Concrete may be used as a material for any wall layer,
for any wall in the building. If a change is madeity of the parameters of the obj€cncreteit is changed

in all places where the object Concrete is y46d].

o Example 2:
A building contains the resources "Big Window" and "Small Windovgtl{oftypeWindow). When the
user wishes to insert a window in some wall of the building, the "Insert new object" dialog will suggest
three variants (types) of window8Vindow," "Small window" and "Big window The parameters of the
resource object "BigVindow" are used as the default settings for windows of type "Big wiidbgome
of these parameters are changed, the corresponding parameters in the real window are given new default
values. This will lead to a change in the actual values for parantetérare marked as using the default
value[107].

3.2.1.3 Comparisorbetween Revit Element hierarchy and & Object hierarchy
In conclusion, we have to accept that IDA ICE uses only a small gt afchitectural model for creating
a BIM-based energy model.

Indeed, Revit and IDA ICBave borrirom different disciplines witkdevelopers that hamkparate intentions

in mind. While Revit wasiti ally createdo help architect® draw their architetural ideas and plans inside

this platform digitally IDA-ICE was developed based on algorithms that calculate energy consumption in
a building. Since the creation of both of these platforms goes back to the time where integrated and
sustainable buildingdesign was not a common practice the constructionsector Therefore the
anticipation that a model created in the Revit Platform is going to be used in the IDA ICE platform was not
strong Thus, it is only logical that their terminology and some bamiceptdiffer from each other.
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This leads to the differences in the element hierarchy in Revit versus object hierarchy in IDA ICE.
However, a comparison can be made betwdentwo softwarewith respect to their element/object
hierarchy. Based on oun&wledge and observationshile Revit uses th€ategory> Family> Type>
Instance naming order for describing a model element suchaagall, IDA ICE has adapted to
Class>Entity> Type> Resourcefor the objects in its platform.

3.2.1.4 Geometry in IDA ICE
In this setion, the geometry of IDACE will be explained, because there will be several references in
Chapter 3: Methodologies and Cadadies, to the concepts explained here.

IDA Indoor Climate and Energy (ICE) is a program tiee studyof the indoor climate ohdividual zones

within a building, as well as energy consumption for the entire building. IDA Indoor Climate and Energy
is an extension of the general IDA Simulation Environment. This means that the advanced user can, in
principle, simulate any system atsoever with the aid of the general functionality in the IDA environment.

Normally, the system to be simulated consists of a building with one or more zones, a primary system and
one or more air handling systems. Surrounding buildings might shade tbadpuilhe air inside the
building contains both humidity and carbon dioxide. Weather data is supplied by weathéeslatais
artificially created by a model for a given-Bdur period. Predefined building components and other
parameter objects can lmaded from a database

3.2.1.4.1 What isaZone in IDA ICE?

AA building in IDA Indoor Climate an.dihiEsimplegty can
definition, a zone is fAa prism with ,andore naarbleirn p.fo
That said, the shape of the zones is limited to prisms with vertical walls, and in case of a prism intersecting

with a roof, only the part under the roof is included in the zone. Each zone composed of enclosed restricted
surfaces where windowspenings, and different types of heating and cooling units can exist within these
surfaceg107, 108]

3.2.1.4.2 What isabuilding body in IDA ICE?

IDA-ICE also consists of a building bodyws | | . The shape of building boct
with flat vertical walls bowever a part of such prism is limited by the roof. The roof may consist of one

or more flat polygons with slope from 0° (horizontal, outer side upward) to 90° (Veftio@, 108]

According to IDA ICE documentatiofilO7, 108] both zone and building body could be a custom
polyhedral that may be imported but not edited in ICE.

3.2.1.4.3 How s the geometrgxplained in IDA ICE?
IDA ICE uses three different systems for describing the positions and coordinates of the zone or building
body: building system, zone system, and surface system.

3.2.1.4.4 Building System

As can be seen Figure3-27, the geometry of the building is defined by the corners of one or more building
body parts. T hoeordnatesare endicai@d irx a l@cal doordinate systemthe building
which IDA-ICE calls it the building system, that moves and rotates with the building. The origin of
coordinates for the building system coincides with the lower left corner of the building. Likewise, building
system is also at the origin obordinates for thglobal coordinate system. This origin is marked by the
origin marker inFigure3-27.
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Building (top view)
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x

Figure 3-27 Building System in IDACE

3.2.1.4.5 Zone System

The geometry of the zone in IDA ICE is defined relative to a point in the building system, where the z
coordinate gives the height of the flodroae ground level. In facthezoneis described by its height plus

the corners of the floor.

The ¢ or n ecoocsdinatesre indichtedyin docal coordinate system for the zone, that is named the
zone systenthat moves and rotates with the zoneeThz one system i s defined by
(in the building system) and the rotation angle around-rdsz Figure 3-28.

Figure 3-28 Zone System in IDACE [107]

3.2.1.4.6 Surface System

Furthermore, in IDA ICE, a surface system definition exists as well. The sayfstesn is éocal coordinate
system that is defined on every enclosing surfaigrjre3-29. The origin of the local coordinate systems
varies from object to object in IDA ICE. The surface system indicates sigopoof features (such as
openings) on the surface:

o Vertical walls: the origin of coordinates is located in the bottom left corner of the surface (from
inside the zone)igure3-30.

0 Floors and Horizontal ceilgs: the surface system coincides with the zone system Rwith
coordinate omitted).

o Slanted ceilings (or fragments thie ceiling): while theX-coordinate is alwaykorizontalpasses
through the lowest corner of the ceilirige Y-coordinates is locatea ithe ceiling's plane, that is
perpendicular to the-axis and moves through the leftmost corner of the cdilifg].
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Figure 3-29 Surface System in IDKCE [107]
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Figure 3-30 Surface System in IDKCE for Wall objec{107]

The geometry for objects like windows and heating devices is defined by a rectangle. If the object is a
rectargle, the lower left corner of the rectangle (insertion point) is given in the surface s¢@temvise
the position of an object is the intersection of the rectanglethatburface

That all said, the coordinates of the origin are given in the site pbordinate system. Meanwhile,
orientation indicates how the building has been rotated in relation to its original position.

3.2.1.4.7 What aregheIDA Resources and Database?
Databaser ef er s t o t he i nvent ®&esqurcesefers fo @lbjestthat stoses the ¢c e s ,
commonparameters for other data objects.

Resource objects are frequently created from database objects, and also, can also be stored in separate
resource documents that are accessed by pressing the Import button. Any change made iasuitBe\
at the buildindevel would propagate through all the instances in the building where it has been used.

The list below elaborates the types of database objects, which can be readily found in the IDA database,
and are used in IDA Indoor Climateda&nergy{108].

1. Wall definition 9. Integrated shading 17. Equipment load

2. Material 10. Location 18. Lights

3. Glazing System (detailed)  11. Wind profile 19. Controller sgpoints

4. Glass pane 12. Schedule 20. Surface

5. Shading material 13. Profile 21. Cooling and Heating device
6. Venetian blind 14. Externabhading 22. Window

7. Gas properties 15. Climate data 23. Energy price

8. Glass definition (simplified) 16. Occupant load 24. Settings for new zones

]
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3.2.1.4.8 Walls, Roofs, Floors in IDACE

To define aConstruction in IDAICE, the Category should be definatlfirst Category describes the type
of category of construction, that coulddr@nternalfloor, exterral wall, etc. When editing the construction
of some object, only the compatible categories are available. This is important i@ E)Aecause whether
a wall is internal or external impacts the thermal simulation, and the order of material layers.

The layers are shown in the list box in the Layers,béigure3-31. Floor layers are given in order of floor
surface to floor bottom (usually ceiling below), wall layers are given in order of inside to outside, while

roof constructions are described from top to bottom.

fiLayer data for the sel

ected |

ayer

s displayed i

has a name, a description and a thickness given in meters, and consists of a materiabéhatlezted

under the Materi al headi

| f t he

ng.

desired mater:i

loaded from the database. Similarly, a new material can be created by selecting New Rasdthee
selected material can be stoiedhe database by selecting Writed@tabase 0

m Construction definition

| &= )

PExemalwall  |@ Frame wall 195mm

0

Description

U-value ‘

Double gypsum, frames 195, board.

wood paneling

Layers

+ Add

Floor top/Wall inside

10.2349 Wim2°K)
Thickness

- 0.255 m

| [ &bDeiete | &

(<]

[{Gypsun. 0026 u]

£ Frames cc600+cross, insul,
ﬂ Gypsum, 0.009 m

if

Wood, 0.025 m

0.195 m

Floor bottomANall outside

Layer data
I@ Gypsum

0.026 m

Material

Thickness

|
|
\
-

Save as.. Cancel

Lok ]| J |

J |

Help ‘

Figure 3-31 Construction definit

3.2.1.4.9 Windows, Glazing, and Shadimng IDA-ICE

ion in IDACE [107]

In IDA-ICE, both the Glass constructidralogand Detailed Glazing System dialog, are used to describe
optical and thermal properties of the window glazing. Glazing Choice of glass configuration, includes
SHGG, T- and Uvalue for the glass. Exploring the dialogs enables us to understand what islIDB.E 6 s
capacity to receive information regarding windowsIDA-ICE, window consists of layers, namely pane
layer (glass panes), shade layer (shading devices _optional), and cavity layer (or gaps), anthesch o

has their own category.

In the detailed model, the Pane parameters can be inserted. The glass pane object, its corresponding
transmittance coefficient (same for both directions), reflectance coefficient, from the front side and from
the back sidethethicknessof the pane (in mm), and Thermal conductivity (in W/(K.m) are to be defined




here. These coefficients should be valid for radiation that is perpendicular to the pane. Coefficients for other
incidence angles and for diffuse radiation will becaldted by the model.

It is also possible to define the properties of the cavity for use in a Detailed Glazing System for the Detailed
window model. The Gas properties dialog is used to describe the properties of a cavity. Here, gases are
considered as resrce objects.

IDA ICE offers two choices for shading: Integrated Shading, and External Shading. Integrated shading
refers all types of shading in the windowds pl ane
curtains, etc.

External shadinglenotes permanent shading objects, on the facade, near the window, such as side fins,
Balcony with sides, Simple screen, Marquee with sides, and etc. In the context of this project, we are
concerned with external shading in Case 20. Accordii$dd], It is possible to draw shading objects in

the IDA ICE and save them, but, it is not possible to change shading objects to independesoilées,

either as resources databasebjects.

3.2.1.4.10Materiak in IDA-ICE

It is also possible to create (and save) a new material or to load an object of the material tytpe from
databaseHence,IDA-ICE material resource accepts following parameter inputs, that are necessary for
building energy simulation:

Heatconductivity (W/mK)

Density (kg/nd)

Specific heat (J/kg K)

o0 Category The type of material (used to systematize the database)

O OO

3.2.1.4.11 ThermalZone in IDAICE

The Floor Plan view shows the building body, zones, and imported CAD/BIM data at the given height
whichis describel as level. All objects are shown louilding coordinatesThe orientation of the imported

IFC building is shown through the compass on the top left, which is adjustable insid€HDA

The building body is formedf body parts which may be arrampeoth vertically and horizontally, but not
intersecting each other at all. If the body parts are intersected, then the user will receive a warning. However,
Zones can pass intersect several body p@ts:l CEds zone i s rectanmdages,ar wit
that are called main surfaces. Windows, doors, and radiatrsare introduced as objects on the
corresponding zone surfaces.

In the context of this dissertation, zones are allocated to spaces coming from the IFC fileltb8page
classesHowever it is always possible to change the position and size of a zone in Floor Plan view,
manually. A color scheme describes the zones in this view. Active zones are indicated by a red border,
while other existing zones in the building, both on theesioor and on other floors, are depicted by paler
gray lines, which are also visible.

An important thing to notbereis the floor area and the zone volume in the property gdgloor area

is used for presentation of different parameters "p@21of floor area". IDAICE, by default, calculates

the floor area as the area inside walls. Of course, it is possible for the user to change the default value (for
example, to exclude unused parts of #omg, which in this case it will be displayed withyallow
background. Likewise, theone volumeas computed by the IDA ICE as the volume inside the walls, floor,

and ceiling[108].

|
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Figure 3-32 IDA-ICE Zone
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Figure 3-33 Active Zone in IDACE, thezonehas been assigned to IfcSpace

The changes to zone size can be made through giv
Propertiepage, or through selecting the corneth@zoneand dragging it, manuallfFigure3-32. In IDA-

ICE, if due to the changes of zone position, an external wall becomes an internal wall, the wall construction
corresponding to the new position will be automatically selected.

3.2.1.4.12 Creaing zonesn IDA-ICE from IFC spaces

In the Level dialog, the building height from ground (Building top) and height coordinate of the floor slab
with respect to ground (Building bottom) aiso shown, as interpreted from the IFC filea define which

spaces in the IFC model that should constitute a (thermal) zone in the simulation model, click on (select)
theadjacenspaces that should be included.

When an IFC file is imported, IDACE understands the boundaries of spaces; however;|@Ewould

not automatically assign a zone to these spaces. Therefore, to create an IDA ICE zone from the selected
IFC spacesthe usershould press the New zone button and choose the spaces on the plarhigemill

create zones using the currently selected zone template. It is possible to create different zone templates
based on the zone types., office, room, corridor, etc.

—
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The IDA-ICE zones are created from the geometry of the corresponding IF€legpaé\ccording to IDA
ICE documentation, if a space [in the Reudised IFC]s taller than the typical floor to floor distance of
the building, the corresponding ICE zone will also reach over more than a singld fisosrgument was
checked inCasel?2.

After importing IFC, an important thing to note in the Floorplaaw is that two modelaresimultaneously

displayed. First one is the zones of the created ICE model, and the seeimdpaces of the IFC model.
Bothcategr i es of Aroomso can be individually selected
in Case 01

BIM files contain 3D geometry as well as properties for walls, wingdewd materialsetc. An IDA ICE

model, ie, building bodies, zonesand windowsetc., can be automatically created from the geometrical
information. Furthermore, the properties of objects in the BIM file can be mapped to the corresponding
objects in the simulation model. The 3D geometry ofMd Ble can also be selected to shade the simulation
model.

Building bodies and zones can be automatically created fraphic files if the imported geometry
consists of volumes enclosed by polygon surfaces. 3D CAD objects can be selected to shadkatiom sim
model.In IDA-ICE it is possible to import 3D building information models (BIM) via IFC files. Most 3D
CAD applications can expoarchitecturabata in the IFC format.

In the case of walls, roofs, ceilings, and floors, since they have several layer thickness, and material
names, oncéhe mappingis done,correspondingCE constructions are created automatically. This is
explained inSection 3.2.2 If an object in IFC models not mapped to an IDA resoutes it will be set to

a default value.

3.2.1.4.13Whatfile formatsaresupported byDA-ICE?
IDA ICE supportamanyformats for direct import to the platfogrimcluding:

IFC (*.ifc)

CAD and vector graphic files

AutoCAD (*.dwg, *.dxf, *.dwf)

SketchUp (*.skp)

3D Studio (*.3ds)

Image files JPEG Interchange Format (*.jpeg,*jpg)
Portable Networks Graphics (*.png)

Adobe Photoshop (*.psd)

O OO0 O0OO0OO0OO0OOo

Here, the focus is only on the .ifc suffix for the Biddsed modelgL08]. ICE can import CAD IFC files
of IFC release 2.0, 2x, 2x2 and 2x3 generated by, e.g., ArchiCAD, Revit, Architectural Desktop, MagiCAD
Room etc ICE imports information about wall, window and door positions.

In the case of IFC # import,IDA-ICE relies on the existence of ifcSpacestfw creationof simulated
zones Correspondingly, ICE importgyles for walls, windowsand materials that can be used to provide
an appropriate property set to a group of imported objects inUSIEg IFC, it is possible tautomatically
build the geometry of a building without manual editih§7, 109]

Building and zone geometry can be imported into @& if the imported geometry onlcontains a
volume enclosed by polygon surfaces (polyhedron) without holes between the surfaces. The geometry

]
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should describe the inner surface of the external whHisbuilding, and the inner surface of the zone walls
for a zond107].

Imported building bodies and zones have protected geometrtheir geometry is noeditable,only
resizable. However, an imported building body is fully editable if the imported geometry only has one floor
and that floor is horizontal and does not contain any holes, and the geometry does not haeelaagiogt

walls (surfaces with the@xterior normapointing downwards). This is the same kind of geometry that can
be created in the IDA ICE roof editfir07, 108]

3.2.1.4.141FC Import

According to the IDAICE documentatiof107-109], the essentialinformation that is transferred is
geometrical datd,e., the shape and position of zones, windows, doors, building,feimeZones in IDA

ICE are automatically created froso-calledspace objects in the IFC model. It is not sufficient that the
CAD model only contains wall objects, spacdhat fill the voids between walls must also have been created,
a semiautomatic process in most CAD tools.

IDA-ICE can also utilize other types of information in the CAD model, such as wall constructions, that
should they be present.

3.2.2 MappinglFC datato IDA-ICE

After i mporting an I FC file from IFC button to th
data objectsodo in the | FC model (i f any are presen
context refer to any element ortddhat is coming from Revit informatiench model and present in IFC.

Similarly, IDA resources imply the elements and information that are readily available in the software to
describe the building envelope or HVAC systems, and etc.

To begin withthemgpi ng, after pressing | FC, choose fAimappin
be opened up. Then, for wal | s, w ithe dserwam ,seleet & d ot he
construction in the Category combo box. However, in the case of windavedlyuthe first step is to create

relevant windows in the ICE database, including internal shadtmys

filf wall constructions have been described in the IFC model with layer thicknesses and material names, one
can automatically creatmrrespondingDA-ICE constructions. In this case, one starts instead with binding

IFC material names with IDA ICE material resources. Once the materials have been mapped, IDA ICE wall
construction resources are created by pressing Import from IFC when the relevantlifypevas been

selecd [107].

If the object in the IFC model is not mapped to an IDA resource directly, it will be set to its default value.
Default values can be found in the Defaults on thee@a tab in the building form.

3.2.2.1 Definition of Mapping

The definition of mapping is somewhgpaquehowever Mappingis a term used to describe the process
of matching an item or entry from one group to that corresponds the most similar on the segonith grou
other words, mappingxtracs something fronthefirst group and associateutith the second group, so,
this is called mapping froriefirst group to second groJp10, 111]

According to IDA ICE documentein,themappingg s A The transfer of data obj
IDA-I C H109, 112]

]
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3.2.2.2 Step by Step guide to IFGppingICE by example
In 3D View, zone walls (or surfaces) have a coloring scheme, according to IDA ICE documentation, that
is described below:

grey textured: Walls or floors that are connected to an external facade
dark grey striped: Ceilings that arenoected to an external fagcade

dark grey: Walls or floors that are connected to ground

o White: Walls, floorsandceilings that are internal or unconnected

O O o

3.2.2.2.1 Zone assignment
Zone assignment in IDACE can be performed after, of before mapping IFC dddavever first, the IFC
file should be imported inside the tobigure3-34.

7 Revit_BIM_Mapping in IDA-ICE: D:\Revit_Final_model\Revit_BIM_Mapping in IDA-ICE.idm =N
General Floorplan 3D  Simulation Daylight Outline Summary Details
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Mapping...
TIE Shift.
&5 Rem
Y Msakeasingle zone from all marked IFC spaces
v Makea e zone from every marked IFC space
Make a separate zone from every remaining IFC space (even unmarked)
Mew zone » Ordinary zone Import... IFC.. - Show... Level: 0.0 m

Figure 3-34 Importing IFC intolDA-ICE

3.2.2.2.2 Initial mappingstep

After the import of IFC to IDAICE in the Floor Plan tab, using the samé& Clutton, it is possible to
start mappingFigure3-35. Table3-1 explains the drojlown box inFigure3-35 Mapping in IDAICE
more details.

Option Description

IFCé Opens théFC menu.

Import é Import of an IFC model, or CAD drawing, or Windows graphics
background.

Mappingé The transfer of data objects from the IFC model to IDA is described here

Remove Remove the imported IFC model

Make a single zonerom When adding zone, create a single zone from all marked IFC spaces.
all marked IFC spaces
Make a separate zone When adding zone, create a zone from each marked IFC spaces
from every marked IFC
space
Lock Disable moving and resizing of objects ofen types.

Table3-1 Explanations about IFC Mapping Dregiown window[108]
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Make a single zone from all marked IFC spaces
v Make a separate zone from every marked IFC space

Make a separate zone fram every remaining IFC space (even unmarked)
MNew zone ¥ Ordinary zone Import.. IFC.. . Show... Level: 0.0m

Figure 3-35 Mapping in IDAICE

3.2.2.2.3 Material Category

A new window wil/l pop up. This windogwhownsninalel | ed A
first step, Materials Category should be chosen from the-dirap list. Becausdirst, materials are

mapped, and then Constructions are mapphkd.buttons in the Mapping IFC data to IDA resources are
explainedbelow, taken fron{108]:

Name of the button Operation or description
Category Select an IFC category for mapping
IFC data Available IFC data of the selected category
ICE resources Available IDA resources of the selected category
Map to selected Map the selected IFC objects to the selected IBbuece
(First, select one or more IFC objects and one IDA resource)
Unmap selected Disconnect selected IFC objects from their IDA resources
Import from IFC Make a new IDA resource from IFC object. Only import of wi

is implemented. Import not possgbif the materials used in tr
wall are not already mapped to ICE.

View Show the selected IDA resource
Load from Db Load resource from ICE database
Create new Create a new IDA resource

Table3-2 Explanations about Mapping IFC data to IDA resourfE33]

If the model creationinIDA CE has been initiated by theh,dhersis ng A St
no ICE resources inthe borthelefth and si de. Ot herwise, if the model
with a single zonge then, there are some default materials in the ICE resourceBigare3-39.

Since we have started our model asew building thereareno ICE resources available. This means that
we should Load some resources fromltbad from Dbbutton. Now, based on the name of the materials
that have been imported through IFC, that shown in théFC databox in theright-handsideof Figure
3-38, we can choose similar resources from IDA database and load them into ICE resources.




For example, we have | FC ddatioa thefore, itisgossibl&techoose Ri gi
Heavy Insulation from the list of IDA resources on the list. The right pointing arrow indicates that the
mapping has been performétigure3-38.

7 Mapping IFC data to IDA resources O *

Category Materials -

Constructions
FC data [T S ' rosources

Revit_Fiberglass Quil " \ndaw
Revit_Plasterboard_G Opening
Revit_Rigid_Rigid insti=asPaces
Revit_Timber Flooring_Wood Flooring
Revit_Wood Siding_Siding, Clapboard

Map to selected View
Impaort from IFC Load from Db
Lnmap selected Create new

Figure 3-36 Mapping IFC data to IDA resources, Category: Materials (step one)

ﬁ Material

Material |Gyp5um

Material
Gypsum
Parameters Description
Name Value Unit Description
B Thermal conductivity 0.22 Wilm ..
M Density 970 kg/m3
M Specific heat 1090 Jilkg K)
M Category Other materials
Cancel Save as... Help

Figure 3-37 Material properties in IDAICE, to create or modify new materials

]
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%3 Mapping IFC data to IDA resources O >

Category Materials >

IFC data ICE resources

Revit Fiberglass Quilt_Fiberglass Batt —= Light insulation (e:| |© Gypsum (example)
Revit_Plasterboard_Gypsum Wall Board = Gypsum (examg| |© Floor coating (example)
Revit_Rigid_Rigid insulation —= Heavy insulation (example) © Light insulation (example)
Revit_Timber Flooring_ Wood Flooring = Floor coating (exan| |© Heavy insulation (example)
Revit_Wood Siding_Siding, Clapboard > Wood (example) © Chip board (example)

© Wood (example)

Map to selected View
Import from IFC Load from Db
Unmap selected Create new

Figure 3-38 Mapping IFC data to IDA resources, Category: Materials (dtepe

€22 Load resource from database O *

& Selecttemplate

Descripti| Heat . Specific Manufact o)
e on conduct. L] ‘ heat E LT urer

&P Concrete (example) 1.7 2300 880 Other

& LW concrete (example) 0.15 500 1050 Other

&P Fender (example) 0.8 1800 790 Other

& Gypsum (example) 0.22 970 1090 Other

& Floor coating (example) 018 1100 920 Other

& Light insulation (example) 0.036 20 750 Other

&9 Heavy insulation (example) 0.052 92 982 Other

&P Chip board (example) 0.13 1000 1300 Other v
® MNew resource

Mame ||

Description
Available in Rewit_BIM_Mapping in IDA-ICE -

0K Cancel Help Select a resource in the list.

Figure 3-39 Material resources available in IDA database, HDGE

3.2.2.2.4 Construction Category
After every material is correctly mapped to Similar IDA resourcethen it is now possible to go to the
Constructions Categognd proceed with Constructigrisgure3-40. The constructions should be selected




in the IFC data box on the left and be sent to ICE resources througmpioet From IFCbutton. Some
predefined constructions in the database of IDA are shoWwigure3-41.

Therefore, the constructions with the peopnaterial layer order (the same order as what it is in BIM), is
now inserted into ICE resources.

7} Mapping IFC data to IDA resources O H
Category Constructions w
IFC data ICE resources
Basic Roof-Revit_Roof - 14 cm [Default]

Floor:Revit_Floor - 103 cm
Revit_Wall - 9 cm

Map to selected View
Impaort from IFC Load from Db
Unmap selected Create new

Figure 3-40 Mapping IFC data to IDA resources, Category: Constructions
€2 Load resource from database O >

= Select template

M
MName ‘ Type ‘ U-value Description
{8 Interior wall w/o insulation (example) Intern... Double gypsum on 70...
{8 Interior wall with insulation (example) Intern. .. Double gypsum on 95__
8 Frame wall 195mm (example) Exter . 024 Double gypsum, fram...
8 Wood joist floor 245mm (example) Intern... Parquetry, chip board...
8 Rendered liw concrete wall 250mm (example)  Exter_.  0.53 Render, l/w concrete
{8 Concrete floor 150mm (example) Intern__. Coating, l'w concrete __
{8 Concrete wall 150+80mm (example) Exter.. 0.22 Concrete 150, insulati...
< >
= Mew resource
Mame |
Description
Available in building2 w
oK Cancel Help Select a resource in the list.

Figure 3-41 Construction resources available in IDA database, {[0A&
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3.2.2.2.5 Window Category

In the next step, windows must be mapped as well. As can be seen, the IFC data on shde raghthe
contains the name of the windows thate been mported from the IFC file. The ICE resources are on the

right

However

., we

ar e

goin

would choose thdetailedwindow modellingoption in IDA-ICE.

£l Mapping FC dats to IDA resources o X
Catngeey [[Viingow 1
IFC gata ICE resources
:
© Window (detarled) !
© SkyLight
Map 1o seiecied View
Imgeet from IFC Load from DD
—
Wandow
&1 omn e [viciow ] 3 |
yLight
I : Skylig

Figure 3-42 Window Mapping in IDACE, creating a new detailed window

Firstly, the name of theew resource is specified. We cdlli iwi ndow_BESTESTO

g to cr eaFkigure®2andw | CE
7 Create new resource X
Description
Sublype of © Window (detaded) v
Available in Rewit_BIM_Mapping in IDAICE_v02 v
her e,

easily distinguishable from Revit_Windowfterward the dimensions of this window should be defined,
Figure3-43. Secondly, the glazing type should be chosen from resoloethis example) Dane clear,

41224060 gl ass is chosen,
rmlcnmeﬂﬂ
Glazinglshaging HELILANEHILS
Tie [N integrated shading ]
Iodel |1a |b
DeawConl 08 I
Schetie ba [»

Extermal window shading

Type Mo extenal shading

7] [Shoul] normally not b

specified for ventiated
Ilodl pa | ¥
Cantral ha |'¥ Recess depth
Scheduls pa I [ m
Mata
. [For ventiated constrecton
Caonlrol lee( open j #  the opesing is 1o the cavty
betwesn the oultr and the
Scheduls |na ] oner sy
- Frame - )
Fraction of the total o1 1 01
waniow ared — More... Twist
Unalue 20 | wim?ech e a

t Figare348, dowmRight

properties

wi t h
S—— Y e |

Window _BESTEST

Min Max  Size [m]

x[00_[30_[30

y[oo 20 [20 |

mes  [600|m?

42 Load resource from database

= Selecttemplate
Descripti

Marme e | G | T | u | TV |

[0 2 pane, clear, 0769 0692 305 0.815
[J Roller blind be 0.523 0.398 0.908 L]

[ Venatian blind 0523 0399 0909 0T

[ 566G cooL-Ll 0z 0.129 0678 0.443
[ 5GG cooL-Ll 0.302 0215 0.702 0.608
[ 5GG Planilux 0.761 0.684 277 0.807
71 3GG Planilux 0679 057 1.908 0.732
[J 5GG Planither. 0.423 0.314 0.703 0.707

= New resource
HMame

|2 pane, clear, 4-12-4 (example)

Description

Available in

Cancel

Revit_BIM_Mapping in IDAICE_v02

Lol name fo remove the protection

[The aded resource will be protectsd. Change the

Figure 3-43 Detailed Window Geeral tab(Left), Detailed Window Geometry (Upper Right), Glazing resources ilGBADown Right)

No w, we can

Left.

cl

os e

t he

—

i Ma papdimovg to thE Genedah tdfigureB-43, |

DA r e
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3.2.2.2.6 Finalmapping step

In the final step, the constructions should be chosen for the sufféges3-44. The constructions can
be chosen from what we mapped earlier in the Construction category. When this procechedas do

every surface and also for windowise mappingis complete.

3 Revit BIM_Mapping in IDA-ICE v02: D:\Revit Firial_modeNRevit_BIM Mapping in IDA-ICE_v02idrm o[ ]
General Figorplan 30  Simulation Daylight Outine Summary Details
Project  [8 Revit_BIM_Mapping in IDAJCE_v02 € Proiect data o
[ Global Data HVAC Systems Energy Meters Usage
& | acation £ Defaults &% Air Handling Unit M\ Lighting. facility ~
hd L 7] Site shading and arientation (@) Plant A\ Lighting. tenant
: T X M\ Equipment, facility
T Clim: -ﬂThermal bridges A Equipment lenant
& Symthetic (summer) hd Ld @ Ground propedies M\ Electric cosling
Fuel cooling
Vifind Prafil % |nfilration )
1" Wind Profie 5] Pressu - Add AHL A\ District coling
w @ssure coeflicients ac
& [Dufault wrban] 3 Rai A HVAC aux
@ﬂnllﬂays & Extra energy and losses - Superdzory conial - M\ Electric heating
[evalue not set= Te]» i System parameters T 7] ): iuel hesky) "
r Details B repont &3 Expand table
(O Zones () Zonetotals () Zone sctpoints  §8) Surface: () Windows () Internal gains () Wall constructions () Time schedules () Materials  (J) Room units » More
I - Layer . Layer . Layer 1
Y Wetled | Connecte| Azimuth, | Siope, JConstrudg)| U-value, | Thicknes | Layer A Layer . Layer Layer
Loz £y qug_._ araa, m2 dio Deg Deg on- | WImzK)| s.m mazterial 'h'm::ss' material H"d:!ss' material n"dz;“s' material -
B Room Ficor Rieom Ext fioor 4557 Ground 0.0 [Defaul... (1]
[] Room.Ceiling Room Roof 4557 Leval 1... 130.0 [Defaul... 0
B Room.Wall 1 Room Ed wall 21.12 Level 1. 0.0 90.0 [Defaul (1]
B Room.Wall 2 Reom  Extwall 1572 Level 1. 90.0 0.0 [Defaul 0
M Room.Wall 3 Room Extwall 0125 Leval 1. 180.0 0.0 [Defzul... 0
Blroonviai el Roon | Etual L1572 Lot 121001000 D pysmmsemesmsn Y I I N N
fault] <value not set»
Basic Roof:Revit_Roof - 14 cm
FloorRevit_Floor - 103 cm
1* Revit_Wall - 9 cm = [
: Load from database... Y

Figure 3-44 Assigning constructions to surfaces

All that said, me problenis that even though the windows are mapimgarevious stepand new windows
are constructed in thdetailed windowsectionwhen you check the windows in the General tab, they are
not mapped! In addition to that, the same HIZFE resources that were present in the mappéaajionis

not present ithe Generakab,and theglazingshave different properties.

Additionally, during the course dhisresearch, we found that mappisgmnetimes does not require the last
step. This means that sometimes after the mapfithge Material and Construction Categ@ydone they

will be instantly updated in the IDACE general taband will be visibleon the surfacesTherefore,this is

a proof that the results 8iM to BEM processsare not easily reproducible, and the results of one modeler
are not comparable with the resultf other modelers.
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3.3 CaseStudies

In order toexaminethe interoperability issues between Revit and A, a number ofasestudieswere
developedEachcasestudyexplores a different issue. The reasoning behind thestades is threefold:

firstly, their relevance to the energy analysis, secondly, their existence in the building model that was chosen
(i.e, BESTEST 600), and finally, the method with which they should be created in Revit.

This section is organizadto four subsections. Firssubsection presents an overview of the of the case
studies in general. Second ssdxtion describes the buildings that were modeled in Revit. lchibster

all theimportantinformation about the building is presented. Third-sabtion maneuvers over theska

and subtasks and introduce them briefly the Finally, in-selstion 4, cases are introduced, and the results
are delivered and discussed.

3.3.1 Structure of Cases

In this section a general outlook to the structure of the models and cases are preBeeterlthe high
number of casstudies, a systematic reference was developed that includes: TaskbasRab and
Building Models. Next few sections elaborate these terms in more details.

3.3.1.1 Guideto the naming system of the Cases
Briefly, following Table 3-3 explains the manner of referencing each case study. An Examplehbsould
Case01: T1_ST1 BML. This refers to the Saskl of the Taskl in the Building Model 1.

Name Abbreviation Description

Building Model BM Indicates the BESTEST case under investigatic
Task T Describes the general issue to investigate
Sub-Task S Describes the variations and different options

investigatem the desired class
Table3-3 Abbreviations used for systematic reference naming

3.3.1.2 Building Model
Building Model describes the BESTEST case that is going to be investiJaiiele 3-4 elaborates the
abbreviatims whileFigure3-45 demonstrates each building madel

Building Model Building Model abbreviation Building Model Description
Building Model 1 BM1 BESTEST 600
Building Model 2 BM2 BESTEST 610
Building Model 3 BM3 BESTEST 620
Building Model 4 BM4 BESTEST 630
Table3-4 Building modeléabbreviations and descriptions
Building Model 1 Building Model 2 Building Model 3 Building Model 4

BM1 BM2 BM3 BM4

Figure 3-45 Building Mode$din one view
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3.3.1.3 Task

Table3-5 summarizes the Tasks that have been investigated in this thesis.

Task

Task 1
Task 2
Task 3
Task 4
Task 5
Task 6
Task 7
Task 8

Task abbreviation

T1
T2
T3
T4
T5
T6
T7
T8

Task Description

Wall Location Line

Zonevs. Spacevs. Room
Space heighis. Roomheight
Materials

Windows

Orientation

Coordinates

Shading

Table3-5 Taslés abbreviations and descriptions

3.3.1.4 SubTask
For eachl ask several SulTasks has been defined that are tabulat@diie3-6.

Cases Task

01
02
03
04
05
06
07
08
09
10
11

12
13
14

T 1

T 2

Task Description
Wall Location Line

Zonevs. Spacevs. Room

Space height vaWall height

vs. Room height

Materials
Windows

Orientation

Coordinates
Shading

Sub-Task Sub-Task Description

ST1
ST2
ST3
ST4
ST1
ST2
ST3
ST4
ST5
ST6
ST1

ST2
ST1
ST1
S 2
ST1
ST1

ST1
ST2

Wall Centeline (default)

Core Centerline

Finish Face: Exterior & Finish Face: Interic
Core Face: Exterior & Core Face: Interior
No Room, Space, or Zone element
Room

Space

Zone

Room + Space

Room + Space + Zone

Space heighis. wall height

Space heighis. Room height
Material 6s ther moph
Revit builtin  windows with  builtin
Analytical construction

Revit new family created from scrat
window

Change of building orientation of BM1 froi
N S direction to 30
Coordinates of elements

Horizontal shading (South fagade) BM2
Horizontal and vertical shading (E/W facac
BM4

Table3-6 Overview of casstudiesand SubTask®abbreviations and descriptions
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3.3.2 Description of theBuilding model
This section describes the building models, their geometry, materials types and properties, and any
information pertinent to the modeling of the building inside Revit, or-IDE.

3.3.2.1 Building Model 1 (BESTEST Case 600)

Figure 3-46 BESTEST Case 6@@&ometrical viewl113]

The building chosen for testing the interoperability issues is the BESTEST Ca$béatbdel is a 6 m
by 8 m by 2.7 m rectangular single zor#here is no internal walls or partitions, and 12ahglazing on
the saithern wall[113].

The Case 600, igghtweightconstruction and is a lowass building; it is shown iRigure3-46. Walls are
0.0 87metes thick, with thefollowing materialselaborated imable3-7.

Element K Thickness U R Density C)
W/m K m W/m?K M2K/W  Kg/m?® J/kg K
Plasterboard 0.160 0.012 13.333 0.075 950 840
Fiberglass Quilt 0.040 0.066 0.606 1.650 12 840
Wood Siding 0.140 0.009 15.556 0.064 530 900

Table3-7 BESTEST Case 0 9véall material descriptiofil 13]

The thickness of the floor 028meter and isomposed of the materials shoteow inTable3-8.

Element K Thickness U R Density C)

W/m K m W/m?K M2K/W  Kg/m?® J/kg K
Timber Flooring 0.140 0.025 5.600 0.179 650 1200
Insulation 0.040 1.003 0.040 25.075 Not-given Not-given

Table3-8 BESTESTase6 0 9fldor material descriptiof113]

Likewise,theroof is 0.1408metes thick. The materials are elaboratedriable3-9.

Element K Thickness U R Density C)
W/m K m W/m?K M2K/W  Kg/m? J/kg K
Plasterboard 0.160 0.010 16.000 0.063 950 840
Fiberglass Quilt 0.040 0.1118 0.358 2.794 12 840
Roof Deck 0.140 0.019 7.368 0.136 530 900

Table3-9 BESTEST Case 0 ©réof material descriptiofil13]
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The information about t buenmdized The BlIOwingDadles3i1® s wi ndow

WINDOW PROPERTIES VALUE UNIT
Extinction coefficient 0.0196 /mm
Number of panes 2 -

Pane thickness 3.175 mm

Air -gap thickness 13 mm
Index of refraction 1.526 -
Normal direct-beam transmittance through one pane 0.86156 -
Thermal Conductivity of glass 1.06 W/mK
The conductanceof each glass pane 333 Wim2K
Combined radiative and convective coefficient ahe air gap 6.297 W/m2K
The exterior combined surface coefficient 21 W/im2K
The interior combined surface coefficient 8.29 W/m2K
U-value from interior air to ambient air 3 W/im2K
Hemispherical infrared emittance of ordinary uncoated 0.9 -

glass

Density of glass 2500 kg/m3
Specific heat ofthe glass 750 J/kgK
Interior shade devices - -
Double-pane shading coefficient at normal incidence 0.907 -

Double-pane solar heat gain coefficient at normal incidence 0.789 -
Table3-10BESTEST Case 0 ®window descriptiofiL13]

Also, there is 0.2 m adhewall below the window and 0.5 m tiewall above the windoy113].

Some additional information is provideglowthat are rquired for energy analysis, some of them can be
inserted in Revit, while others are magpropriatdor EnergyPlus. As it waearliersaid, ttke BESTEST
cases artilored for energwnalysigtools.

I. Infiltration rate is0.5 air change/hour
1. Thelnternal Loads are200 W continuous, 60% radiative, 40% convective, 100% sensible
lll.  The information about mechanical Systems are as follows: 100% convective air system, 100%
efficient with no duct losses and no capacity limitation, no latent heat extractiopropmmtionat
type dual setpoint thermostat waltleadband, heating <20°C, cooling >27°C.
IV.  The Soil Temperature is 10°C continu¢li$3].

Moreover, following informatioris applied to all building models regardingthgp aque sur f acesb
properties
[.  Thermal Emissivity: 0.90
II.  Solar Absorptane: 0.60
lll.  Visible Absorptance: 0.6[113]

]
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3.3.2.2 Building Model 2 (BESTEST CASE 610)

Building Model 2 is called BESTEST Case 610, showRigure3-47. It uses the exact same construction
of the building Model 1 or BESTEST Case 600, except that it hawseterhorizontal overhang across the
entire length othesouthwall over the south facing windows at the roof I1§2di3]. There is no information
provided about the materials arickness of the overhang.

Figure 3-47 BESTEST Case 610 geometrical v[@h3]

3.3.2.3 Building Model 3 (BESTEST Case 620)

Building Model 3 is the BESTEST Case 6Fgure3-48. The same construction of the building Model 1
or BESTEST Case 608 also used fathis case. The differencetise location of the windows. In this case,
windows aresituated on both sides of the building in West and East Facadaf@lazing is allocated to
each walli.e., one windowon each sideWindows, toojs similar to thewindowsin Case 60(113].

Figure 3-48 BESTEST Case 620 geometrical v[&h3]

3.3.2.4 Building Model 4 (BESTEST Case 630)

Building Model 4 shown inFigure 3-49, is similar to BESTEST Case 620, but it also includes shade
overhangs and shade fin®and the east and west windows. To further elucidate, it should be mentioned
that the horizontabverhanghas tmeterwide and is situated at the roof level and extends across the 3 m
width of each window. The vertical shade fins are locateédestdgeof each window and extend all the
way from the roof down to thground and are 1 meter wide on both left and right of the windows.
Furthermore, windows and material construcaoesimilarto that of building Model 1 or BESTEST Case
600[113].
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Figure 3-49 BESTEST Case 630 geometrical v[&h3]

The reason BESTEST cases are used is due to their widespread use in the Energy Simulations. There are a
hugenumber ofresearchisin Europe[86, 114] and over the globd3, 115118], that have used the cases
of BESTEST fo their studie§119].

3.3.3 Descriptions of Taskand SubTask
Since Sukasks are dependent on the Tasks, they are going to be explained together in this section.

To systematicallyinvestigate the interoperability issyegghtgeneral tasks were identified as can be seen
in Table3-11. The reasoning behimdkterminingthese tasks was to identify whagjor areas that could
have given rise to some interoperability issues. Then,Tagsks were developed go into more detailsn
these possible issues.

Task Task abbreviation Task Description
Task 1 Wall Location Line

I—l
=

Task 2 T2 Zonevs. Spacevs. Room
Task 3 T3 Space heights. Room height
Task 4 T4 Materials
Task 5 T5 Windows
Task 6 T6 Orientation
Task 7 T7 Coordinates
Task 8 T8 Shading
Table3-11 Overview of all the Tasks
3.3.3.1 Taskl

Task 1 is related to tH@Vall Location Lin@ in the Revit softwareThe interoperability questions are:

0 Can Revit export Location line type of the walls to IFC?
0 Doesthe Location linetype influence the imported geometry of the building inside HD@E?

4 SubTasks were generated since Rénasseveraloptions for Location LineAlthough the details are
going to be explored later, followintabe 3-12 elaborates the Stibasks of Task 1.
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Task Sub-Task Sub-Task Description

1 ST1 Wall Centerline (default)
] ST2 Core Centerline
Wall Location — - -
Line ST3 Finish Face: Exterior & Finish Fac
Interior
ST4 Core Face: Exterior & Core Fac
Interior

Tabe 3-12 Overview of the Subasks of Task 1

3.3.3.2 Task?2
Task?2 is related to the placement of Room, Space, and Zone elements in Revit aiffdBDFhe Sub
Tasks are presentedTable3-13.

In contrast tdDA-ICE, which is an Energy Analysis tool, Revit whist developed as an architectural
software Later, other features, properties, and domains were addedRe\thisoftware Therefore there
could be slight differeces between hoRevit and IDAICE accept or assign an enclosed building body as
a thermal space. Reyis the BIM authoring toofyrovidesthree different properties that can be assigned
to an enclosed surfaceamely:Room, Space, and Zone. The defimiBwf these concepts are presented in
Section 3.1.3Theinteroperabilityquestion is:

0 Howthe placement of differen8D spatial elementomponentgi.e., Room, Space, and Zone) in
BIM affects the IFCfile and the BEEM model?

Based on this question, six Stiask were developed.

Task Sub-Task  Sub-Task Description
2 ST1 No Room, Space, or Zone element
ST2 Room
Zone vs Space vs Roon ST3 Space
ST4 Zone
ST5 Room + Space
ST6 Room + Space + Zone

Table3-13 Overview of the Sulbasks of Task 2

3.3.3.3 Task3

Task 3 isa continuationof Task 2. After the investigation of the relationships betwReom, Space, and
Zone in Task 2,this task investigates the geometrical relationskefgvbenspace and room aralilding
elements. Heighof the wall (or height of the space and roamghosen becausi the plan view (XY
plare), Revit automatically assignthe Room/$aceelementin the indoor area of an enclosed plan,
therefore, in almst every case, there is no eramd the Room/Space-X dimensions are the same as the
area dimensionsHowever, if the height of thRoom/Spaceand wall are notnanuallychecked before
placing theRoom/Spacesome problemwill occur. Hence, he interopeability question is:

o How variation of geometrical properties ddoom and Spacein Revit affect the BIM-based
energymodellingin IDA-ICE?

Table3-14represerdthetwo SubTasks of Task 3.

]
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Task Sub-Task  Sub-Task Description

3 ST1 Space height = Room height )
ST2 Space height | Ro
Space/Zone
height vs. Wall
height

Table3-14 Overview of the Subasks of Task 3

3.3.3.4 Task4
Materials play aital role in the eargy balance of the envelg@ndthus, it is paramount to investigate the
exchange of mater i al sadthonmng togh andBEM teok Taskd has enyrd Seb Bl M

Task shown imable3-15. The interopeaibility question is:

0 How material s6 propertie$CEAre exported from Re
0 How are theystored in the IFC data schema?

Task Sub-Task Sub-Task Description

4 ST1 Material 6s ther mo

Materials
Table3-15 Overview of the Subasks of Task 4

3.3.3.5 Task5
Task 5 tackles the interoperability issubat arerelated to windows based &wo SubTasks shown in

Table3-16. The interoperability questionsear

o How wi ndows & g e o naetexchhangadrBetween Reyt and tEIBE?s

0 Howis a userbuilt window family in Revitexported to IFC?

0 Can IDA-ICE recognize a usebuilt window family made in Revit?

0 What are the differences between Buift Families, and userbuilt families in Revit to IDAICE

procedure?
Task Sub-Task  Sub-Task Description
5 ST1 Revit builtin windows with built-in
Analytical construction
Windows ST2 Revit new family created from scratc
window
Table3-16 Overview of the Subasks of Task 5
3.3.3.6 Task®6

Due to the relocation of windows east and west facadesBuilding Model 3, from southfacadein
Building Modell, the changes in orientation of building was investigal&e. interoperability question is:




0 Does IDAICE recognize the orientation of the BIM model and its components?
o How are the changes of the orientation of building elements in Ré reflected in IDA ICE?

Task 6includestwo SubTasks as can be seenTiable3-17.

Task Sub-Task  Sub-Task Description
6 ST1 Building orientation
ST2 Change of building orientation of BM_
Orientation from N_S directio

Table3-17 Overview of the Sulbasks of Task 6

3.3.3.7 Task7

Task seven has only one Stiasks, shown iifable3-18, as it explores the following interoperability
guestions:

0 HowdoesRevit export coordinates to IFC file?
0 How doesIDA-ICE interpret the coordinates fronan incoming BIM model through an IFC

file?
Task Sub-Task Sub-Task Description
7 ST1 Coordinates of elements
Coordinates
Table3-18 Overview of the Sulbasks of Task 7
3.3.3.8 Task8

Task8 explores shadinggiue b the addition of horizontal shading iBuilding Model 2 andtheaddition
of horizontalshading and vertical fins irBuilding Model 4 two SubTasks are defined, as can be obedrv
in Table3-19, to answer following interoperability questions:

o How shading and fins arecreated in Revit and exported to IFC?
0 HowdoesIDA-ICE understandthe shadings in the BIM model?

Task Sub-Task Sub-Task Description
8 ST1 Horizontal shading (Soufacade) BM_2
ST2 Horizontal and vertical shading (EN
Shading facade) BM_4

Table3-19 Overview of the Sulbasks of Task 8

3.3.4 CaseStudies

In this section, a systematic overview of the cases and the results adegrduie organization of this
section is based on theasls, SubTaslks, andtheBuilding Modeksunder the investigatiofirstly, the name
of the case under investigatian presented through a Systematic referenceigtsatmmarized iriTable
3-20. As aninstance, Ca$d: T1_ST1 BM1 denotes the Sulbaskl of the Task in the Building Modell.

]
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Then,Interoperability issuas introducedwith some brief descriptions about the case under investigation.

Subsequently, thlethodology and Resultse presentedAll cases follow thiexactprotocol to explore
and explain the interoperability issues

Cases

© 0N O~ WN P

NP R R RRRRRRR
O WO ~NOUDNWNIEO

3.3.4.1 Case 01
3.3.4.1.1 Systematic reference

T1_ST1 _BM1

3.3.4.1.2 Interoperability issue
The interoperability issue of this case is whether the differences of Location Line placement in Revit
affects the walls in IDAI CE 6 s

Case 01 is theirkt case in the series of Sililasks ofTask 1thate x pl or e s
| o c aeptionsonsidelthie Rayisaffects the export of element to IFC,
and how they are interpreted by the HI@E software Ca® 01 was investigated.

Revit. To clarify howthew a | |

A fAiWallo

Task

T1
T1
T1
T1
T2
T2
T2
T2
T2
T2
T3
T3
T4
T5
T5
T6
T6
T7
T8
T8

Sub-
Task

ST1
ST2
ST3
ST4
ST1
ST2
ST3
ST4
ST5
ST6
ST1
ST2
ST1
ST1
ST2
ST1
ST2
ST3
ST1
ST2

Building
Model

BM1
BM1
BM1
BM1
BM1
BM1
BM1
BM1
BM1
BM1
BM1
BM1
BM1
BM1
BM1
BM3
BM3
BM1
BM2
BM4

Systematic Reference

T1_ST1_BM1
T1_ST2_BM1
T1_ST3_BM1
T1_ST4_BM
T2_ST1_BM1
T2_ST2_BM1
T2_ST3_BM1
T2_ST4_BM1
T2_ST5_BM1
T2_ST6_BM1
T3_ST1 _BM1
T3_ST2_BM1
T4_ST1_BM1
T5_ST1_BM1
T5_ST2_BM1
T6_ST1_BM3
T6_ST2_BM3
T7_ST3_BM1
T8_ST1 BM2
T8_ST2_BM4

Table3-20 Overview of cases and the SystematiiefRace naming
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Autodesk[120,wa | | 6 s L oideatifieiswchich of.itis verical planes is used to position the wall in
relation to the patthat usesketclesor otherwise spefiesin the drawing aredVall Location Line should
be chosen before placing the wall in Revit, and by default,fiCenterine @here are six options for
choosing wallés |l ocation | ine:

I.  Wall Centerline (default)
Il. Core Centerline
M. Finish Face: Exterior
V. Finish Face: Interior
V.  Core Face: Exterior
VI.  Core Face: Interior

Figure 3-50, visualizesthe differencedetweenthe location linesn a wall element in Revit. As can be
observed, dineisthé dedretricccentedine of the wall, while, the Finish Face Exterior, is the
exterior side of the wall, and Finish Faagerior is the interior side of the wall. Likewise, Core is
highlighted here in orange color. Thtise corecan have its interior facanexteriorface, and centerline,

too. In this contextthe coreof a wall refers to therimarystructural layer or hgers of the wall defined by
Revit. That said, in a simple brick wall, the Wall Centerline and Core Centerline planes would coincide,
whereas they could be different in a compound {420, 121]
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Figure 3-50 Visualization of the six different wall Location Lines in REM1].

3.3.4.1.3 Methodologyand Results

Figure3-51is the plan vew of the Building Model 1 developed in Revit for the C@4deln Case01, the
walls are drawn based dime centerline This is shown irFigure 3-52, whereinthe Constraints sectioof

the Properties palettethelLocation Line is set to Wall Centerline; and the blue dot on the wall shows the
centerlinebs position on the wal/
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Figure 3-51 plan view of the Building Model 1 (Case 01)

| Properties I x
Basic Wall .
Revit_Wall
Walls (1 v| Edit Type
Ci i R oA
[ Location Line Wall Centerline
Base Constraint Level 1
Base Offset 0.0

Base is Attached
Base Extension Dista... (0.0

Top Constraint Up to level: Level 2
Unconnected Height (2700.0
Top Offset 0.0

Top is Attached

e S A

Properties help Apply

Project Browser - Revit_Case01_T1_ST1_BM1_v01.nvt X
B"'FO:

Views (all) -
Structural Plans

Floor Plans
e Level 0
o Lewel 1

Centerline

Figure 3-52 Location LineProperties palette, and wall centerline (Case 01)

snapshot of the Revi
3-53. This is the walds face to face dimension.
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amily: Basic Wall

ypE: Revit_wWall

otal thickness: 87.9

esistance (R): 1.6824 (m2) W
ermal Mass: 1.40 k1fk

Layers

EXTERIOR. SIDE
Function Material

1 ‘Revit_Wood Siding_Siding, Clapboard 9.3
27 Thermal/ir Layer [3] Revit_Fiberglass Quilt_Fiberglass Batt 66.3
3 Core Boundary Layers Above Wrap 0.0
4 Structure [1] Revit_Plasterboard_Gypsum Wall Board 12.3
5 Core Boundary Layers Below Wrap 0.0

Figure 3-53 Thickness of the wall in Revit

After the development of the model in Reuvit, it was exported to IFC as explaireecion 3.1.4.3
Subsequentlythe IFC file was imported to IDACE as elaborated iiection 3.2.2.1

When the model was imported to IBIEE, two initial observations were mattatrequiresanexplanation
of Figure3-54 andFigure3-55.

As previously descrilze IDA ICE hasa building body and a zone. By looking at the green arrdvigare

3-54, it can be seen that this window sfgothelevell This is the leveih which the current building model

i s constructeeedtb @ghiemted oo et ffhat t he @ buHobrdlanng b od:
Tab.On the contrary, the zone has bedrdaed in the Floor Plan Tab kigure3-55, and by looking at the

green arrow, it can be seen that | DA | CE consider

The building body irFigure3-54, red box number,shows thesizeof the wall {n mete) that isimported
throudh IFC. In other wordsthis sizeis the length of the wall. With simple calculation for tasgerwall
length (8 meters wall in South and North Facade), it can be understood that:

gz Y X Y& millimeters

In this calculation, 8000 refers to thedato face length of the wall on the North/South Facade, and 87.9 is
the thickness of the wall as previously showi @le3-7, andFigure3-53.

Furthermore, the x andgpordinates in red box numberift Figure3-54, have Max and Min values. The
Min value of x is 0.88, tatis the whole thickness of the wallhismeanghat the geometry of the building
was imported corredtl

In contrast, the red box numberirl Figure 3-55, has onlyOrigin, and Size It seems thabnly this
informationis necessary for theone andhermal energy calculations in IDKCE.

Moreover, the red box numbgrin the lower left corner dfigure3-54, demonstrates thiour corners of
the building body that is reconstructed in IDBE based on IFC input file. This complies with the same
coordinateshatwereinserted inRevit. On the contrary, the red box number Figure3-55, that reports
the zone in IDAICE, has a corner that starts from (0,0) coordinates. Mbens that IDACE uses its own
coordinates for the zone ancetimal calculations of the model.

]
7|

—



0088 [5912 [5824 |

Figure 3-54 Building body in IDAICE (Case 01)

General Floorplan 3D  Simulation Dayfight Outiine Summary Details.
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Figure 3-55 Zone in IDAICE (Case 01)

Finally, it should be mentionetthat the corner of the building body and the zaam also beaccessed
throughOutline tabin IDA-ICE, as shown ifrigure3-56 andFigure3-57.
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Figure 3-56 Corners of building model in IDACE (Case 01)
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Figure 3-57 Corners ofthezonein IDA-ICE (Case 01)

Furthermoreto answer onef the questions dfask 1that wasiCan Revit export Location line type of the
walls to IFG? As can be seen iRigure3-58, since Location Line is a property of Réwitvall elements
(Figure3-52), it is exported precisely to the IFC filéis possible to open IFRSTEP filesin notepad.

The information abouhewall is first exported to IfcWallStandardCagégure3-58.

Accordingto BuildingSMART[73], fit he standard wall (I fcWeathih St anda
constraints for the provision of parameters and with certain constraints for the geometric representation.
ThelfcWallStandardCasbkandles all cases wofalls thatis extrudedvertically.0

o0 along the positive-axisof the wall local placement coordite system, and
o0 along the positive-axisof the global (world) coordinate system

and have a single thickness along the path, i.e.:

o parallel sidedor straight walls
0 co-centric sidedor curved walls.

The following parameter shall be given:
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o Wall height, aken from the depth of extrusion, provided by the geometric representation.
o Wall thickness, taken from the material layer set usage, attached to the wall
o0 Wall offset fromtheaxis taken from the material layer set usage, attached to the wall

The material of the wall is defined by thiécMaterialLayerSetUsagend is attached by
thelfcRelAssociatesMaterialbjectified relationship. It is accessible by the
inverseHasAssociationsrelationship. The material layer set usage has to be given (enforced byeyhéere ru

|#525= IFCWALLSTANDARDCASE (* 3cFIX6YNIFHAPmSUEb8del*  #41, ‘Basic Wall:Revit Wall:326633°,%, 'Basic Wall:Revit Wall:326961°,#499 #5274 '326633'):]
#535= IFCMATERIAL( Revit_lood Siding_Siding, Clapboard®);

#538= IFCPRESENTATIONSTYLEASSIGMMENT ((#515));

#548= IFCSTYLEDITEM(S, (#538),%);

#542= IFCSTYLEDREPRESENTATION(#97, 'Style’, 'Material’, (#540));

#545= IFCMATERIALDEFINITIONREPRESENTATION($,$, (#542),#535);

#548= IFCMATERIAL( 'Revit_Fiberglass Quilt_Fiberglass Batt');

#549- IFCCOLOURRGB($,0.4087843137254902,0,407843137254902,0,407843137254902) ;

#5508= IFCSURFACESTYLERENDERING(#549,8.,%,%,%,%, [FCNORMALISEDRATIOMEASURE(@.5) ,IFCSPECULAREXPONENT (64. ), .NOTDEFINED. );
#551= IFCSURFACESTYLE('Revit_Fiberglass Quilt_Fiberglass Batt', .BOTH.,(#55@));

#553= IFCPRESENTATIONSTYLEASSIGNMENT ((#551));

#555= IFCSTYLEDITEM(S, (#553),%);

#557= IFCSTYLEDREPRESENTATION(#97, Style', 'Material’,(#555));

#559= IFCMATERTIALDEFINITIONREPRESENTATION($,S, (#557),#548);

#562= IFCMATERIAL( 'Revit_Plasterboard_Gypsum Wall Board');

#563= IFCCOLOURRGB($,0.894117647058824,0.894117647058824,0.894117647058824) ;

#564= IFCSURFACESTYLERENDERING(#563,0.,%,%,%,%, IFCNORMALISEDRATIOMEASURE (@.5) , IFCSPECULAREXPONENT (64. ), .NOTDEFINED. ) ;
#565= IFCSURFACESTYLE('Revit_Plasterboard_Gypsum Wall Board',.BOTH.,(#564));

#567= IFCPRESENTATIONSTYLEASSIGNMENT ((#565));

#569= IFCSTYLEDITEM(%, (#567),%);

#571= IFCSTYLEDREPRESENTATION(#97,'Style’, 'Material’, (#569));

#573= IFCMATERIALDEFINITIONREPRESENTATION($,$, (#571),#562);

#576= IFCMATERIALLAYER(#535,9.3,%);

#578= IFCMATERIALLAYER(#548,66.3,%);

#579- IFCMATERIALLAYER(#562,12.3,%);

#580= IFCMATERIALLAYERSET((#576,#578,#579), Basic Wall:Revit_Wall');

#585= IFCMATERIALLAYERSETUSAGE (#58@, .AXIS2.,.NEGATIVE.,43.95);

#586= IFCWALLTYPE('3cFIX6YNjFHAPmSUED8dnt ' ,#41, 'Basic Wall:Revit Wall',$,$,(#652,#654,#656,#658,#660,#662),5, ' 326961 ,%, . STANDARD. ) ;
#588= IFCPROPERTYSINGLEVALUE( 'Base Constraint’,$,IFCLABEL('Level: Level 1'),%);

#589= IFCPROPERTYSINGLEVALUE( ‘Base Extension Distance®,$,IFCLENGTHMEASURE(®.),$);

#590= IFCPROPERTYSINGLEVALUE('Base is Attached’,$,IFCBOOLEAN(.F.),$);

#591= IFCPROPERTYSINGLEVALUE( Location Line',%,IFCIDENTIFIER( Wall Centerline ),%)]

#592= IFCPROPERTYSINGLEVALUE('Related to Mass',$,IFCBOOLEAN(.F.),%$);

#593= TFCPROPERTYSINGLEVALUE( *Room Bounding®,$, FCBOOLEAN(.T.),$);

#594= IFCPROPERTYSINGLEVALUE('Top Constraint’,$,IFCLABEL( Level: Level 2°),%);

Figure 3-58 Location Line in IFC

If the Export base quantitiesption, as shown ifrigure 3-59, is checked when the model was exported
from Revit to IDAICE, then, a set of properties buas length, area, volume, etc. is transferred to the
output IFC file as shown Kigure3-60. In the following paragraphspme of these quantities are explained
based on IFC2x3 definitions provided by Building SMART.

Madify Setup X

<In-Session Setup> General | Additional Content | Property Sets | Level of Detail | Advanced
<IFC2x3 Coordination View 2.0 Setup>

<IFC2x3 Coordination View Setup>
<IFC2x3 GSA Concept Design BIM 2010 Setup»
<IFC2x3 Basic FM Handover View Setup>

<IFC2x2 Coordination View Setup>
<IFC2x2 Singapare BCA e-Plan Check Setup> O Export only schedules containing IFC, Pset, or Common in the title

Export Revit property sets
Export IFC commaon property sets
Export base quantities

[] Export schedules as property sets

<IFC2x3 COBie 2.4 Design Deliverable Setup> [] Export user defined property sets
<IFC4 Reference View Setup> -

<IFC4 Design Transfer View Setup>

gramData\Autodesk’\ApplicationPlugins\IFC 2018 bundle\Contents\2018\Def Browse ...

[[] Export parameter mapping table

‘ Classification Settings...

D E Y [ ok ]

Figure 3-59 IFC Exporter setting, Expotiasequantities option
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#546= IFCWALLSTANDARDCASE ( * 3cFIX6YN{FHAPmSUEb8dgl® ,#41, ‘Basic Wall:Revit Wall:326633',$, 'Basic Wall:Revit Wall:326961°,#519,#544, '326633");
#555= IFCQUANTITYLENGTH( Heignht ,%,%,2700.);

#556= IFCQUANTITYLENGTH('Length®,$,$,6000.);

#557= IFCQUANTITYLENGTH( 'Width',$,$,87.9);

#558= IFCQUANTITYAREA('GrossFootprintArea‘,$,$,0.5274);

#559= IFCQUANTITYAREA('GrossSideArea’,$,$,16.2);

#560= IFCQUANTITYVOLUME('GrossVolume',$,$,1.42398);

#561= IFCELEMENTQUANTITY('1hLBjo7ibAYx1fpWINB1_K',#41, ‘BaseQuantities’,$,$, (#555,#556,#557,#558, #559,#560) ) ;
#563= TFCRELDEFINESBYPROPERTIES( " 3LDxnDgzn99g02T653d8An" #41.9. 3, (#546) #561);

#567= IFCMATERIAL('Revit_Wood Siding_Siding, Clapboard‘);

#570= IFCPRESENTATIONSTYLEASSIGNMENT((#535));

#572= IFCSTYLEDITEM($, (#570),%);

Figure 3-60 Quantities exported to IFC vidExportbas quantitiesd

IfcQuantityLength is a physicajuantity that defines a derived length measure to provide an element's
physical property. It is normally derived from the physical properties of the element under the specific
measure rules given by a method of measuree@i.

A physical quantitylfcQuantityArea that defines a derived area measure to provide an element's physical
property It is normally derived from the physical properties of the element under the specific measure rules
given by a method of measurem§i23].

IfcQuantityVolume describes physical quantity that defines a derived volume measure to provide an
element's physical property. It is normally derived from the physical properties of the element under the
specific measure rules given by a method of measureh2al

3.3.4.1.4 Conclusion
No interoperabity issue was found in this case.

While the origin of the zone and building body coincides in {lQ4&, both start from the interior face of
the wall, ignoring the location line of the wall in Revit. However, to prove this result, further cases should
be plored.

The Location Line is exported tBC and has no influence on the wall in IBEE BEM model.

The geometry of wall including length, thickness, and hagborrectly exported to IFC and imported to
IDA ICE.

3.3.4.2 Case 02

3.3.4.2.1 Systematic Reference
T1_ST2_BM1

3.3.4.2.2 Interoperability issue
The interoperability issue is whether the differences of Location Line placement in Bibhoring tool,
Revit 2018, affectsthe wallsinIDA CE6s bui |l di ng body and zone.

Case 02 is the continuation of Ca¥k andis the second casin the series of Sebasks of Task 1 that
explores the AWall Locat i othat Wwas ohesen for this Ralel Cote. The
Centerline and a new model was constructed in Revit with this property, as shéwguime3-61.

The core ofthe wall is the Plasterboard layer with the thickness of 12 millimeteigufe 3-53). This
explains the location of the blue dothkigure3-61.
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Figure3-61 Location LineProperties palette, and wall Core centerline (Case 02)

3.3.4.2.3 Methodology and Results
The same methodology as Case 01 was folldaethe Case 02.

In Case02, the sameavall coordinatesvere reported by IDAICE (Figure3-62, andFigure3-63), thatwas
reported in Case 01. Indeed, the building body has been reconstructed on the exam same coordinates that
came from the Revit model.

77 building?: buildingZ.idm
General Floorplan 3D  Simulation Daylight Qulline Summary Details

=L, Simulation data ~ [l Hame Value Start Uit

@ P Spec. simulations = Comers[1,1]  0.088 m

® : Syetem paamelers et mComers[1,2] 5912 m

] Thermal bridges : M Comers[2, 1] 7.912 m

.‘,' % Infiltration M Comers[2, 2] 5912 m

#  Extra energy and losses M Comers[3, 1] 7.912 m

= & Defaults M Comers[3, 2] 0.088 m

= ¥ Project Data W Comers[d, 1] 0.088 m
[0 Holidays = <value not set> W Comers[4, 2] 0.088 m

W Controller = <value not set>
&= & List of output objects
& Imported CAD data
i 30 Model
=3 Building body
=0 Lavel 1

~m zceling=2Tm
= zioor=00m
] Surface = © Default surface

Figure 3-62 corners of the wallscpordinate$ in IDA-ICEG Outline tab

3.3.4.2.4 Conclusion
No interoperability issue was found in this case.
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Figure 3-63 Zone in IDAICE (Case 02)

3.3.4.3.1 Systematic Reference

T1_ST3_BM1

3.3.4.3.2 Interoperability issue
The interoperability issue is whether the differences of Location Line placement in BiMhoring tool,
Revit 2018, affects the wallsin IDA CE 6 s

bui

[ di

ng

body

and

Zone.

To ensure thealidity of the results achieved by Case 01 and Cage@arding theossible interoperability

issueb et ween
03 was examined.

t he

3.3.4.3.3 Methodology and Results
The methodology isimilar to Case 01, except that the Location Jiethis caseis set to Finish Face:

Exterior,Figure3-64.
3.3.4.3.4 Conclusion

No interoperability issue was found in thiscé&Se. nEenifis h

Interior, we avoided examining that Locatitine.
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Based on this case observations, it can beladed that Location Line does not affect the wall geometry
of the BIM-based energy model in IDICE.

el eme

acts



3.3.4.4 Case
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Figure 3-64 Location Line Properties palette, and wall Finish Face: Exterior (Case 03)

04

3.3.4.4.1 Systematic Reference

T1_ST4_BM1

3.3.4.4.2 Interoperability issue
The interoperability issue is whether the diffences of Location Line placement in Biuthoring tool,

Revit 2018, affects the wallsin IDA CE 6 s

This case is the last case in the series ofBabs k s
Revit.In the Case 04, Wal 6 s

ACore F

bui l

di

of
ace:

ng body and zone.
Task 1 that
I nteriordo is

expl ores
explored

To ensure the validity of the results achieved by Case 01 and Case 02, regarding the possible interoperability

i ssues

bet ween

03 was examined.

t he

3.3.4.4.3 Methodology and Results
Wa | i @ sHace: Interiadis exploredn Case 04through the similar methodology as Case 01. That said,
Face:

examini
to Wal |

ng
6s

60s NCore
Face: |

Wal |
i Co.rce

3.3.4.4.4 Conclusion
Indeed, no interoperability issue was foundCase 04a s 't
exchanged betwedslM and BEMtoolsseamlessly.
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We can safely conclude thatRewita | | 6 s | o
of walls in building body, and in theone in IDA-ICE interface.

Althought h e

type

of

the thicknessfahe wall.

3.345 Case®

3.3.4.5.1 Systematic Reference

T2_ST1_BM1

3.3.4.5.2 Interoperability issue
The interoperability issue is how does IDIEE react to aRevitbasedBIM modelthat hasno Room,
Space, or Zonelement in the Revit model?

Case 05s the first case in series &ubTasks of Task 2 thatheck how the building model information

Al ocati

|

Core Face Interior

Figure 3-65 Location Line Properties palette, and wall Core Fadaterior (Case 04)
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t he
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M mod

| i n-KCBredorstruetshepwalls comidg f r om |
from an IFC building models based on the interior face to face length of the wallzomiend based on

aboutRoom Space andZone are exported to IFC. Alsdzase 05 helps to understand the impacts of
andIDS-p&Eé&s cpempoaggehand nonf

presence or absenceRfe vi t 6 s
wor ds,

zone.l n

ot her

Room,
we

want

to see |f

Space components, IDKCE automatically assign a zone to the areas or not?

3.3.4.5.3 Methodology and Results
The base model is the sameCasse 01However there is no Room, Space, or Zone element present in the
Revit model.The model ixportedrom Revitto IFC as explained iSection 31.4.3Then, the IFC file is
imported to IDAICE as explaine@ection3.2.2.1
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Since no Room, Space, or Zone was placed inside the building geometry, no informatidRogino watr
Space is exported to IFGAs aresult, after importing IFC to IDACE, no semiautomatic zone assignment
happenedThe user must draw the zone by hdndclicking on the outlines of the room.

In case 05, the Revit model held only femetricainformation No semantic information about whether
the area is &omor Spaceexisted n the modehs shown irFigure 3-66. This led to IDAICE treating

the IFC model in the same way. IBIEE did not assign any zone to the imported geometry automatically.

3.3.4.5.4 Conclusion

It cannot be concluded that an interoperability issue was found, because the aim of this case was to show

that if noRoomor Space is placed in the Revit, then DACE wi | | treat this
onlyo input.

Figure 3-66 Plan view of the Building Moddl without Room or Space eleme(Ease05)

3.3.4.6 Case ®

3.3.4.6.1 Systematic Reference
T2_ST2_BM1

3.3.4.6.2 Interoperability issue
In this case, we want to exploteow the placement odnly Roomelement components in BlVaffects
the IFC file and the BEM model?

For this purpose, Case 06 has only Room element inside tlsethbuilding area in ReviRoom element
is explained irSection 3.1.3.1In other wordsCase 60 steroperability issue ithe interaction of a BIM
based building model having a room elememhich is an architecturatomponent, with the zone
assignment inside IDACE interface. This case was proposed bec#usainclear whether IDACE can
aubmatically understand that an enclosed building bodytisallya thermal space if onlgoomelement
is present in the RevitasedFC input.

3.3.4.6.3 Methodology and Results
Themethodology consists of following steps:

I.  Room elemenfandsubsequentlyoom tag elemehtwasplaced on tharea inside the enclosed
geometry of the BESTEST600 or Building Model 1.
II.  The model was exported toCF

]
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Il The IFC wasmported to IDAICE.

The Roomelementshould be carefully placed, acdnsiderablattention should be directed towards the
AUpper Limito and nBedausddth ofthEskpsopetrtiédefine thepuppertbouadary
of the room[125]. It should be noted th&tpper Limitdefines the level from which the upper boundary of
the room is measured 26]. CorrespondinglyLimit Offsetdescribes the distance at which the upper
boundary of the room occuf$26]. Filling in this informationinside Revitcould be tricky. There are two
waysto create a Revit Roofnside an enclosed building body appropriatel

In Figure3-67, A and B,the Level we are working jme., Level 1, is dimmed and unchangeablbeTirst

option is to choose the Upper Limit as Level 2 and assign 0 value to the Limit Bitpate3-67, A). In

this way, the building height goes from level 1 to level 2 and has 0 offset from level 2. The outcome is a
room height of 2700mm or 2.7 meters. The second opfiigule3-67, B) is to choose the Level 1 as the
Upper Linit, and define the Limit Offset as 2700 millimeters. This would create a roomavidight of

2700 millimeter(2700 offsets from Level 1)n anutshell the result of these two methadshe same.

Properties X | Properties x

A B

| I
Rooms (1) e Reoms (1) v
Constraints A A | Constraints 2 A
Level Level 1 ! Level Level 1 H B
UpperLimit  lleveiz T Upperim =
Limit Offset ~ [0.0 | Limit Offset 2700.0 |
FDase OTisetr 0.0 ! Base Offset 0.0
B S .
: i Area 42,560 m*
L M L it W

Figure 3-67 Room Properties, Defining Upper Lim#nd Limit Offset

After adjusting the height of the room element with the height of the wall, the Revit model was exported to

IFC, and further imported to IDACE. Despite the enclosed building having a Rooemeint and Room

tag in Revit, IDAICE could not automatically detect any spaces in the Floor view tab. Just like the case of
building with no Revit room/space elemefgse 05 A Zones o0 shoul d b4CEmanual ly
the users.

om_Case

Figure 3-68 Plan view of the Building Moddl with Room elemer{Case06)
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It should be mentioned that the room information is savdtt8paceclass #153,highlighted inFigure
3-69. However, upon exporting the Revit property sets to IFCN#maeof the room, and it€ategoryis
stored inlfcPropertySingleValueule, #242, and #243 iRigure3-70.

|#158= IFCSPACE('1Blhkdxbr@YIE4$22idFzH",#41,'1",$,$,#133,#146, 'Room_Case 86',.ELEMENT., .INTERNAL.,$)|
#155= IFCCARTESIANPOINT((270@.,8.));

#157= IFCCARTESIANPOINT((2700@.,5800.));

#159= IFCCARTESIANPOINT((@.,5800.));

#161= IFCPOLYLINE((#9,#155,#157,#159,#9));

#163= IFCCARTESIANPOINT((1€0.,100.,0.));

#165= IFCAXIS2PLACEMENT3D(#163,#13,#19);

#166= IFCPLANE(#165);

Figure 3-69 IFC file, IfcSpaceRevits Room element

[#239= IFCPROPERTYSINGLEVALUE( Reference' $,IFCIDENTIFIER( Room Case @6 1'),%);]
#240= IFCPROPERTYSINGLEVALUE( 'Category',$,IFCLABEL( 'Rooms'),%);

#241= TFCPROPERTYSET( ' 2VEt4FSkbavul3vKGFf11d' ,#41, 'Pset SpaceCommon',$,(#230,#248));
#246= TFCRELDEFINESBYPROPERTIES( 1Tdgq0_Mz@eQ4c8mIsFgYi™,#41,%,$, (#150),4241);

Figure 3-70 IFC file, IfcPropertySingleValue

IfcPropertySingleValueclassisiia pr oper t y wiatdbfines a @dpertgdbject whiahhasea t h
single (numeric or descriptive) value assigned. It defines a projsrtgle value combination for which
the property name, the value with[l2Zdpasure type ( a

3.3.4.6.4 Conclusion
The interoperability issue found here was that {4 could not automatically deteca thermalzone if
only Room element is available in the model.

The importance of thifinding is becausenany RevitbasedIMs that are developed by architebtsonly
Roomelemens to assign occupandgformationand the usability of the roorthereforethis case proved
that for a BIMbased energy simulation in IDECE, Room element is not enough.

Thereforewe have a suggestion flidA-ICE to improve their algorithm in order for Room elensdotbe
treatedaszones for the ser@utomatic assignment tife zonein IDA-ICE.

3.3.4.7 Case07

3.3.4.7.1 Systematic Reference
T2_ST3_BM1

3.3.4.7.2 Interoperability issue
In Case 07, the interoperability issue is how does the placement of only Space element in Revit (BIM),
affect the IFC file and the BEM model?

It this section, the Spa@denentwill be addedto the building information model in Revit. There are no
other elements present, namaig:room, orno zone.

We wantto seeowThe pace el ement is written i nindphowdeegs t hr ou
IDA-ICE read and react fbhe $ace element coming from a Revit profect




3.3.4.7.3 Methodology and Results

Case O7nvestigates the Space element in Revit. Space elamerplained irSection 3.1.3.2Spacecan

be placed on the enclosed building body ie glhesence andbsence of Rooralementinside the Revit
software Case 07 only explores Space element placement in the absence of Room element in the model

Room and Space ad#ferent elemerst by nature, sinagachof them stores specific informatiaexplained
in Appendix B. However, he same discussion about the height ofRbem elemenin Case O@pplies
also tothe height of theSpace element. Eventualligllowing the same metlimlogy as Case OGfter
placing the space element in Revit, the model was exported to IFC, and then imported @IDA

In Figure 3-72 below, it can be seen that tBpaceelements stored in IfcSpace class. The name of the
Space el ement was int €aseldonal Ity actkanded ntso dieSpg daee

Space_Case 07

Figure 3-71 Plan view of the Building Moddl with Space eleme€ase07)

#150= IFCSPACE (' 2dqkysQgPB50ijcqPlinnhb ', #41,"1',9,%,#133,#146, 'Space Case 07", ELEMENT., INTERNAL.,$);|
#155= 1FCPROPERTYSINGLEVALUE( Reference',3,IFCIDENTIFIER( Space Case 87 1°),%);

#156= IFCPROPERTYSINGLEVALUE( ' Category’,$, IFCLABEL( Spaces'),$);

#157= IFCPROPERTYSET( '8nsaPUTVr8RhxabbrLpB5G" ,#41, "Pset_SpaceCommon’,$,(#155,#156));

#162= IFCRELDEFINESBYPROPERTIES (" 2dW68NCHBpAKBTvKO1ak7 ", #41,%,5, (#158),#157);

Figure 3-72 IFC file, IfcSpaceRevié Space element

After importing the BIMbased IFC file into IDAICE, we observed that no automatic zontdgéon and
assignment occurred inside IDEE. Thereforethe usermust manually draw the zones.

The result was as unpredicted as it could be. Again, the zone should be drawn by hand in this case, as just
like the Case 09, no automatic space detectiontmsredduring the import of IFC to IDACE. This was

an unpredicted result. Because Space element in Revit stores information about heating and cooling loads
and isspecificallyused for energy analysis purposes. Therefore, the assumption beforengxbiiccase

was that the presence of Space element inside Revit would lead to the automatic detection of Zones, or
Spaces inside IDACE. This assumption proofed to be not true.

3.3.4.7.4 Conclusion

The interoperability issue is thi2A-ICE cannot automatically tiect thermal zone, even though the BIM
model has Space element inside it.




3.3.4.8 Case08

3.3.4.8.1 Systematic Reference
T2_ST4 BM1

3.3.4.8.2 Interoperability issue
In Case 08, the interoperability issue is how does the placement of only Zone element in Revit (BIM),
affect the FC file and the BEM model?

The logic dictates that the next case after placing a Room element, and then Space element, should be
placing a Zone element. However, two technical issues exist here that make it impossible to develop and
create Case 10 insidRevit. Firstly, as explained ifection 3.1.3.and Section 3.1.3.3whena Spaces

added inside Reuvit, it is automatically assigned to a default Zdweefore,a Zone alreadgxist in the

model.

Secondly, the Zone element can only be placadSpaceslement already exists in the model. Therefore,
it is not feasible to develop Case 10 with only Zone eleymami it is not possible to explore the
interoperability issues due to the mrse oftheonly Zone in the model.

The reasoriCase 08vas not omitted from the list of cases, and also it is being explained here is to answer
the curiosity of other Revit useasid BIM modelershat are reading this section.

3.3.4.9 Case09

3.3.4.9.1 Systematic Referem
T2_ST5_BM1

3.3.4.9.2 Interoperability issue
In Case 09, the interoperability issue is how does the placement of both Room and Space element in Revit
(BIM), affect the IFC file and the BEM model?

After exploring the possibility and conditionsarfdingRoom and Sace elements in RegeparatelyCase
09is developed to examine the exchange of information between ReVdARKCE when both Room and
Space elements are placed in the modehe enclosed building body

Through case87 and08, it becameslearthatl DA-ICE does not, not necessary cannot, read the information
about space fromnly Room elementor only Space element. Therefortie combination of thesevo
semanticlementss explored here to see if the interoperabiigiyue stillinsists.

3.3.4.9.3 Methodologyand Results
As depicted inFigure 3-73, both Room and Space elements are placed in the enclosed geometry in the
building model. Thernthemodelwas exported to IFC, and IFC was imported to Q4.

After the IFC import in IDAICE, there was no nedd draw a zone manuallyn fact, zonesvereeasily
detected by IDAICE, shown inFigure3-74.

As a result of exploring Case 09, it is safe to say that-IDB can automatically detect a space coming
from the imported IFC file of a Revitased BIMmodé if both Space and Room elements are present in
the enclosed arekjgure3-74.

Figure3-75 shows the Case % &C output file. As can be observed, both Room and Space elements
are exprted to IfcSpace class.
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Room_Case 08

Space_Case 08

&

Figure 3-73 plan view of the Building Modelwith bothRevifs Room and Space eleme(®ase 08)

The reason we say Reviased BIM model is that we cannot generalize this resaithter BIM authoring
toolssince their semantic information might be different.

Based on AQUA documentatifi?8], il CE relies on t loetheergationdfence o
simulated zones Blowever, theseasestudiesshowthata successful BIM or IFC import to IDICE
requires more than IfcSpace classes. Because although IfcSpace class existed in Case 07, and Case 08

thesemiautomatic thermal zone assigentcould not be executed when ogomor only Space element
existed in Revit model.
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Figure 3-74 IDA-ICE interface, Automatic Zone assignment to the enclosed geometry0@ase

3.3.4.9.4 Conclusion
No interopeability issue was found in Case 09.

In conclusion, if the Revit project designed by the architects lacks both Room and Space elements in an
enclosed building body, then, IBKCE is unable to detect arekecute thesemiautomatic thermal zone
assignmentin other words, if both Room and Space elements are placed in Revit, thetCHéan




performthe semiautomatic thermal zone assignmeantd there is no need for manual zone assignment by
users.

#151= IFCCARTESIANPOINT((4000.,3000.,0.));

#153= IFCAXIS2PLACEMENT3D(#151,$,%);

#154= IFCEXTRUDEDAREASOLID(#150,#153,#19,2700.);

#155= IFCSHAPEREPRESENTATION(#102, 'Body ', 'SweptSolid', (#154));

#158= IFCPRODUCTDEFINITIONSHAPE(S,$, (#155));

#162= IFCSPACE (' 24FR83MbJ7DA61I84W6rXY ", #41, 1%, %, #145,#158, JRoom_Case 08", ELEMENT., . INTERNAL.,3); |
FI67= IFCCARTESIANPUINT((2833.9,9.));

#169= IFCCARTESIANPOINT((2843.9,5912.1));

#171= IFCCARTESIANPOINT((@.,5912.1));

#384= IFCSHAPEREPRESENTATION(#102, 'Body','SweptSolid®, (#383));
#386=_ IFCPRODUCTDEFINITIONSHAPE(S,$, (#384));

#388= IFCSPACE('24FR83Mbj7DA6iIB4AW6NrXf" ,#41,1",$,9,#375,#386 | Space_Case 08'[, .ELEMENT., .INTERNAL.,$); I
- eterence’,$%, pace_(ase 1°)59)3

#392= IFCPROPERTYSINGLEVALUE('Category',$,IFCLABEL( 'Spaces'),$);
#393= IFCPROPERTYSET( ' 1qhSFIwtX499Ni@MESOUap ' ,#41, 'Pset_SpaceCommon’,$, (#391,#392));
#395= IFCRELDEFINESBYPROPERTIES( ' 3s3VH8tFTD1gl7wocIHspI®,#41,$,$, (#388),4393);

Figure 3-75 IFC file, IfcSpace, Reiid Room and Space elements are written into separate IfcSpace records

3.34.10Case D

3.3.4.10.1 Systematic Reference
T2_ST6_BM1

3.3.4.10.2 Interoperability issue
The interoperability issue that Case 10 investigatelsdsy does the placement of Zone element in a BIM
model that already has Room and Space elements, affect the IFC file and the BEM model?

This case in the continuation of the Case 08 (BIM model with only Zone element), and Case09 (BIM model
with both Space andd®m elements). This case helps to understand what happens if we have a Zone
element in the Revit model, how it will be exported to IFC, and how doed@EAread such information

in the IFC file?

3.3.4.10.3 Methodology and Results

A Zone element was added to the nidtat already has Space, and Room elements. In contrary to the
Case 06, Case 07, and Case (®nva Zonelemenis added to th&evit model, there will be nexplicit

Zone tag on the model. A hint to se¢hié Zone is placed on the model is that theitbe an extra line in
between the wall thicknesSigure3-77.

According to AutoDesk92], Afwhen spaces are initially placed i
zone. When you assigmSpaceto azone that you creatétheSpacei s removed from the D
Therefore, inthecurrentcase, we &ve a Zone that is not the default zone.

The model was then exported to IFC file, and imported to-IDB. There seems to be no significant
difference between the results this case (BIM model with Zone, Space, and Room elements) and those of
Case 09 (BIM mdel with both Space and Room elements). JI0& was able to detect the space in the
imported IFC model and assign zones in the sertomatic manner that was previously explained.

After investigating the IFC filewe found that a new IFC record was adttedhe file in this casstudy,
which is IfcZone Figure3-76.
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TFCZONE ( "1HAQONC2Wz6Rh1RKFWIFELC "  #41,'1:327489"

#1082= IFCRELASSIGNSTOGROUP(  1HAQNC2Wz6RhIRKFa7FELC ,#41,9, 9, (#338),5,#1080);

#1085= IFCPROPERTYSINGLEVALUE( 'Reference’,$, IFCIDENTIFIER('1"),5);

#1086= IFCPROPERTYSINGLEVALUE( Category’,$,TFCLABEL(HVAC Zones'),$);

#1087= IFCPROPERTYSET( " 19XyowZT55phoKy1D@iArk " ,#41, "Pset_ZoneCommon',$, (#1685,#1886));

#1089= IFCRELDEFINESBYPROPERTIES( 1LfAqPFNHGef2zSmmbiulIH ", #41,%,%, (#1888),#1687);

#1893= IFCPROPERTYSINGLEVALUE(Coil Bypass',$,IFCREAL(B.),$);

#1094= IFCPROPERTYSINGLEVALUE( Cooling Air Temperature',$, 1FCTHERMALTRANSMITTANCEMEASURE(12.2222222222223),%);
#1095= IFCPROPERTYSINGLEVALUE('Cooling Set Point',$,IFCTHERMALTRANSMITTANCEMEASURE(23.3333333333334),%);
#1096= IFCPROPERTYSINGLEVALUE( 'Dehumidification Set Point',$,IFCREAL(8.7),%);

Figure 3-76 IFC file, IfcZone (Case 10)

According to BuildingSmart, with respect to IFCZ429], fi dfcZene)nsan aggregation of spaces,
partial spaces or other zones. Zone structures may not be hieraiaghjcale individuallfcSpacemay be
associated with zero, one, or sevdi@fone's.IfcSpace's are aggregated intolfaZoneby using the
objectified relationshiffcRelAssignsToGrous specified at the supertypd ¢ Gr ou p 0 .
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Figure 3-77 Revit Interface, Zone

The result of this casstudy has given birth to some new research questBinse this building modéh
Case 10has only oné&paceand one Zone, future studies will need to be undertaken dstigate:

0 A building model with severépaces, and ongone
0 A building model with several spaces and several zones

in order toclarify how IDA-ICE reads information about space and zones from TRG. might help to
understandhe ability of IDA-ICE inreading IfcZone, while IfcSpace class is also present.

Furthermore,d develop a full picture of how Spaces and Zones interact with each other in one BIM model,
additional studies can focus on the possibilities oftheepropertieandSpace propertida Revit.Indeed,

each of these elements in Revit cgtore numerous energglated values as their properties. Therefore,
there are a lot of inputs regardiBpaces oZones hat Revit can readily accept, however, it is unclear
whether they aradequatly exportedto IFC, and whether IDACE can read them.

3.3.4.10.4Conclusion
No interoperability issue was found in this case.

—
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This caselemonstratethat with one Zone and one Spdteadlition to Room element) in BIM model
the result remains the same as the case/B8re only Space and Room elements were present.

3.3.4.11 Case 11

3.3.4.11.1 Systematic Reference
T3_ST1_BM1

3.3.4.11.2 Interoperability issue

The interoperability issue that this case investigates is h@siation of geometrical properties of the
building body (here: height of the wall), and geometrical properties of Room or Space (here: height of
the Room or Space elements) Revit affect the BIMbased energynodellingin IDA-ICE?

This casestudyinvedigates thdanteroperability issues that might arise due to the diffeneight of the
Space elementith respect to thleight of the wall.

3.3.4.11.3 Methodology and Results
While the wall height in the Revit model is set to 2.7 meters, the heighdtbfRoom am Space is
intentionallysetto 4 meters. The Room/Space height was previously explainegsia 06

After importing the model to IDACE, the immediatewar ni ng we received was f
intersecting spacesthe gigr one i s removed. I n total removed 1
simple model, if the model had many spaces, it would have been very hard to detect whiglvepace

removed by IDAICE. Therefore, it is our suggestion to IBEE to improve teir features by informing

the user not only of the overlapping issues, but of the objects name, or maybe IFC classes that are physically
overlapping in the software.

At first glance aftersemiautomatically zone assignmesmésexecutedn IDA-ICE, the firal thermal nne

modelin 3D tabhad the same length as the wall height (equal to 2.7 magesslown irFigure3-78. But,
afterweranas i mul ati on, we receive an err orabogedhgioofg t hat
Therefore, by a deep search into the model, we found that zone height that was taken into account for the
simulation was 4 meters as showrFigure3-79. This is a clear interoperability issue.

Therefore, the first finding is that IDACE has understood that the lengthlaf zoneis not matching the
length of building body, but when it came to simulation, it had taken into account the height of the zone
coming from the IfcSpace class, not thégheof the building body.

Anotherinteresting finding is that Revit produced no error about this overlapping issue when exporting the
model to IFC. Therefore, Revit users who intend to use their BIM models for energy analysis purposes
should be careful alutthe Spacend Room elemeri&eight in their models.

3.3.4.11.4Conclusion
Interoperability issue was found.

Revit easily allows creation and storage of a model wBpexéRoom elements volume does not match
the volume of the 3D building body. Likewise, Revgaeasily export such model to IFC. However, this
is problematic if such IFC output is to be used for enermpdelling becausefor the purpose of
calculations, Space volume should match the voluntiee®ncloseduilding.

]

—



Furthermore,IDA-ICE acceps the information of the IfcSpace class when it comes to performing
simulation, and neglesthe information of the building body, even though the zone in 3D view of IDA
ICE reflects the building body geometry.

Therefore, based on observations, it can beladed that the 3D shaped of Room and Spdements

should match with the 3D shape of the enclosed building body because both Space and Room elements are
required for automatic detection of spaces in IDA |@Es,their geometryi(e., height, lengthandwidth)

should match.
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Figure 3-78 Space height is higher than wall height, HDGE (Casell)
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Figure 3-79 zone height in IDACE, Space/Room height é®nsidereds to ceilirg height(Case 11)
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3.3.4.12 Case 12

3.3.4.12.1 Systematic Reference
T3 _ST2 _BM1

3.3.4.12.2 Intergperability issue

The interoperability issue that this case investigates is how variation of geometrical properti&sack
element and geometrical properties of Room element in Revit affect the Bidded energynodellingin
IDA-ICE?

3.3.4.12.3 Methodology and Reds
This case is the continuation of the previous cake.r&ason height of the Space and Room elements in
Revit is chosen explained irask 3




In the first trialin Casel2, the height ofSpaceelement is2.7 meters, thais equal to the height of the

model 6s wal |, whodné 4 méters. The mogds then expported lirem Revit to IFC
without any problem. In the next step, the IFC file was imported tellCA The first observation was the
error we receiveaboutthe overlappingof some objectsdgain, wereceived he f ol | owi ng error
pair of intersecting spaces the bi ggAferparfarmingi s r e mc
simul ati on, we al so r eRoemiylecdtedtdove she redinthis casesimildrh e ce i |

to Case 1llthethermal onéd beight was considered as 4 meténsIDA-ICE!

Therefore, in another trial, we decided to change the height of Space element to 4 meters, and the height of

the Roomto27 meters (equal t o tWeeagdngeeceyddthes fr otrhe fimmd e le
pair of intersecting spaces the bigger one is rem
However, in this case, the height of the zone eaasidered as 2.7 meters for the simulatimnlDA-ICE.

This showed two things, firstly, IDACE is sensitive to Space and Room elem@&misgeometryin the

Revit model. Secondly, in this case, and within the aforementioned two trials, it was proveihthael

receives the information about the height of the zone, from IfcSpace that holds the information about Room
element! This is an unusual finding, because Room element in Revit is an architectural element, and usually,
for the purpose of energy analysihe Space element is used in Revit.

Nevertheless, this wassanplemodel and detecting whether Space elehent hveas fggher than Room
elemend ,sor the reverse was easy. In models withage number ofspacesn the building plan, the
unmatchedace and room elemerdan be quite troublesomespeciallybecaus¢heuserdoesnot receive
any information from IDAICE regarding which elemeswremismatchedTherefore, lhis casewasslightly
more problematic thathe previousCasell. Because both&m and Space properties are associated with
the IfcSpace class, and even if we can detect it in-IIO&, it is not possible to say if the height of the
Space is higher than the height of the Room, ortitdsopposite

In this case, a solution is to uSelibri Model Viewer{130], to check the elemengssilyandquickly. The
rationale behind ik decision is that with Solibri Model Viewer it is possible to check the IfcSpace classes
and their detadl So, it is easier to detect the difference in the height of these eleswotiseradvantage

is that by choosing each IFC class, the model irSalibdri Model Viewer will be highlighted and the user
can easily see what element of the BIM model is chdSgnre3-80.
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Figure 3-80 Room height is higher than Space height, Solibri Model Viewer (Case 12
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I f ¢ Sp aSpaceepsesefits an area or volume bounded actually or theoretically. Spaces are areas or
volumest hat provide for cert@d3ln functions within a bt

3.3.4.12.4Conclusion
Interoperability issue was found.

It was concluded that IDACE receive the zone height information from tlileSpace that hoklRoom
element information. The reasoning behind this is unkntowrs

In addition to that,tican be oncluded that inside Revit model, due to its architectural nature, a difference
in the Room and Space height is not agrigblemand probably would be just ignored by BIM modelers
who are not concerned with using BIM for energy analysis. However, itdessary to check and keep
track of these elements to have a clean IFC file, and fosability of the BIM model in future.

Considering that this is a simple building model, with only one enclosed building, it is easy to inspect it
and check the Space,caRoom heighti(e., Upper Limit, and Limit Offset in Revit). Should the building
model have several rooms and floors, it willtl®iblesometime-consumingeffort to check which Room,
Space elements are mistakenly populated with different spatial eldatamtdditionally, by using Solibri

Model Checker, this problem can be addressed.

The final conclusionisth® o om and S p 8peopeetieseshoecnatehior a proper Bhidsed
BEM analysis.

3.3.4.13 Case B

3.3.4.13.1 Systematic Reference
T5 ST1 BM1

3.3.4.13.2 Interoperabity issue
The interoperability issugin this case,i s how mat ephysiaal rapertiesiree exchangd
between platforms, and hodoesRevit export this information to IFC

Since materials are crucial players in the energy balance of a buildincage examirshowaremat er i al s 6
propertiegespecially the thermal propertfjemeexported from Revit to IFE€ And how are theymported
from IFC to IDAICE?

3.3.4.13.3 Methodology and Results

The materials used for the construction of the modBlavitis exphined insection3.2. For this case, the
wallé materials werdargetedo be investigatedlhen the materials were created inside Revit according
to theBESTESTCaseb00instructiong113]. In fact,thermal properties are inserted inside Revit, as shown
in Figure3-82. This procedure was repeated for walls, roof, and fidtterward, the model was Exported

to IDA-ICE.

One issue that came up during this case was the modality of the IFC export setting inisidie tRes/case,
the IFC export configuration impacts the output IFC §leatly The IFC export settings of Revit are
explained inSection 3.1.4.

At the first trial, the | FC rtéFC poonmdn property Setsgjgure at i o n
3-83. The IFC file exported by this configuratitacksthe thermal properties of each matelélers that

]
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wereinserted into RevitBy these thermal properties, we mean the thermal propgréieare shown in

Figure3-81, andTable3-7.

In fact, since the IFC file is a text file,

withe .txt format, the IFC file was opened by Notepad. Then, we

chose a target value. This target value was 0.1430 viditie thermal onductivity of the wood siding
material used in the waltlescribed infable3-7. Not only thisvalue but none of the other values of the

Thermalt ab i n the Re

v i Rigore3-8Mwas feund imthis IBCrtextdils.e r

That said, the thermal properties of the whole vagure3-82, was not exported to IFC eith@ie target
value for this investigation was 1.682 whishthe thermal resistance of the waligure 3-85 shows that

the target value was not found in the IFC file.
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Figure 3-81 Thermal properties

of the material Womdthewall, BESTEST 600, Building Model 1
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Figure 3-82 Thermal properties of the whole wall, BESTEST 600, Building Model 1




Modify Setup X

<In-Session Setup> General | Additional Content | Property Sets | Level of Detail | Advanced

<|FC2x3 Coordination View 2.0 Setup> .
["] Export Revit property sets

<IFC243 Coordination View Setup> e |
<IFC2:3 GSA Concept Design BIM 2010 Setup> = e
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<IFC2x2 Coordination View Setup> (] Export schedules as property sets
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<IFC4 Reference View Setup> T T ——
<IFC4 Design Transfer View Setup>

[7] Export parameter mapping table

Classification Settings...
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Figure 3-83 IFC Exporter, ExparlFC common property sets

Therefore, we changed the configuration of IFC Exporter in the second trial. In this§ tBak p o r t Revi:
properwsgsseheoked plus the AEXx pigureB-84IHEMeweagagiimo n pr o
explored to see if the thermal properties of each material are exported, twunthe answer was no.

Therefore, we moved on to next stepexplore whether thermal properties of the whole wall are exported

from Revit to IFC, or notUsing the target value &Va | | 6 s t h e r 1628 werfoersl thattha n c e

Wal |l 6s t her mal pr oper tas lleRropdrtgSinglevVallgEgure38x port ed t o |

Additionally, other thermgphysical properties that are exportedRG are those that are mentioned in the
Analytical Properties of the Type Properties of the Wall in R&igjire3-87.

Modify Setup X

<In-Session Setup> General | Additional Content | Property Sets | Level of Detail | Advanced
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Figure 3-84 IFC Exporter, Export IFC common property setad Export Revit Property sets

IfcPropertySingleValuec | a s s d emoparty With a singla value (IfcPropertySingleValubat
defines a property object whittas a single (numeric or descriptive) value assigned. It defines a property
single value combination for which the property name, the value with measure type (and optionally the
unit) is giverw [127]. Therefore, we can conclude at this step that the thermal properties of the wall element
were exported to IFC, but not the thermalgadies of each layer of material that construct the wall.

]
9 |

—



#1= IFCORGANIZATION(S, Autodesk Revit 2018 (ENU)',$,%,%);

#5= IFCAPPLICATION(#1,'2018", 'Autodesk Revit 2018 (ENU)','Revit');

#6= IFCCARTESIANPOINT((@.,8.,0.));

#9= IFCCARTESIANPOINT((@.,8.));

#11= IFCDIRECTION((1.,8.,8.)); - N
#13= IFCDIRECTION((-1.,0.,0.)); i '
#15= TFCDIRECTION((®.,1.,8.)); T 1
#17- TFCOTRECTION((@. . -1.,0.)); [|7dvhe [1682 | [ ndlet |
#19= TFCDIRECTION((@.,8.,1.)); Direction Cancel
#21= IFCDIRECTION((@.,0.,-1.));

#23= IFCDIRECTION((1.,0.)); [Match case O ©lown
#25= TFCDIRECTION((-1.,0.));
#27= IFCDIRECTION((@.,1.)); \
#29- IFCDIRECTION((@.,-1.));

#31= IFCAXIS2PLACEMENTID(#6,%,5); Notepad X
#32= IFCLOCALPLACEMENT (#972,#31);

#35= IFCPERSON($, 'Akbarieh','Arghavan’,$,%,%,%,%);
#37= IFCORGANIZATION(S, 'NTNU®,"",$,$); o Cannot find 1,682
#38= TFCPERSONANDORGANTIZATION(#35,#37,%);

#41= TFCOMNERHISTORY (#38,#5,$, .NOCHANGE . ,$,$,$,1513075385);
#42= TFCSTUNIT(*, .LENGTHUNIT. , .MILLI.,.METRE.);

#43= TFCSTUNIT(*, . LENGTHUNIT.,$, .METRE.);
#44= TFCSTUNIT(*, .AREAUNIT.,$,.SQUARE_METRE.);
#45= TFCSTUNIT(*, .VOLUMEUNIT.,$, .CUBIC_METRE.);
#46= IFCSTUNIT(*, .PLANEANGLEUNIT.,§, .RADIAN.);
#47= TFCDIMENSIONALEXPONENTS(®,0,8,0,0,0,0);

Figure 3-85 IFC file, no thermal properties related tbewall was found in the IFC file, trial 1

Figure 3-86 IFC file, some thermal properties relatedtb®wall was found in the IFC file, trial 2

Figure 3-87 Analytical Properties of wall element, Revit


























































































































































