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Abstract

Computational Fluid Dynamics (CFD) is the study of fluid flows for the analysis of phenomena by
scenarios simulated in a computbased environment. One of the most wkhown CFD simulation
packages in the fire safety field is Fire Dynamic Simulator (FDS). The tasks of setting up an FDS input
file can be timeconsuming especially for complex building geometries. Building Information
Modelling (BIM) allows the creation tiree-dimensional representations of buildings with realistic
graphics and with a high level of detail. Additionatgrmal properties of the materialsan be found

in a BIM modelwhich can beusedfor performing fire simulationsThus,BIM can help tcavoid
manually reinserting data for setting an FDS input file.

This thesis evaluates the strategies for using the relevant information contained in a BIM model for
the simulation of fires using FDS, which reqditiee analysis of Industry Foundation €das (IFC) as a
data-exchange format. It was identified that IFC files contain data regarding the thermal properties of
materials in BIM models, though Pyros{pre-processor for FDSjoes not read this information
during the import process. A scriptingalowas written in the Python programming language for
enhancing the FDS input file obtained from Pyrosim with thermal data from the IFC file. Fire
simulations were performed in three different building mod&lscheck the overall implementation

of strateges. It was confirmed that once the Python script enhances the FDS input file, this can be
read by FDS and used for the calculation of heat transf@ughthe boundaries.
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Abstract

Computational Fluid Dynamics (CFD) is the study of fluid flows for the amdlghsnomena

by scenarios simulated in a compuieased environment. One of the most w&hown CFD
simulation packages in tHee safety field is Fire Dynamic Sitator (FDS). The tasks of setting
up an FDS input file can be tisensuming especially for complex building geometries.
Pyrosim is a prprocessor for FDS which facilitates the job of creating geometries and
selecting the correct parameters and measurenserequired for a fire simulation.

Building Information Modelling (BIM) allows the creation of thdimensional
representations of buildings with realistic graphics and with a high level of dédiditionally,
properties of the materials and other datshould be contained in a BIM model. This
information is required for performing fire simulationso BIM camelp to avoid manually re
inserting datafor setting anFDS input file.

This thesis evaluates the strategies for using the relewafiormation contained in a BIM
model for the simulation of firrusing FDS, which requires the analysis of Industry Foundation
Classes (IFC) as a datachange format. It was identified that IFCHib®ntain data regarding

the thermal properties of mateails in BIM modes$, though Pyrosim does not read this
information from the IFC file during the import process. A scripting tool was written in the
Python programming language for enhancing the FDS input file obtained from Pyrosim with
thermal data from thelFC file. Fire simulations were performed in three different building
models, starting from a basic building to analyse parametric data exchange. Fimablye a
complexmodel was used to check the overall implementation of strategies. It was confirmed
that once the Python script enhances the FDS input file, this can be read accordingly by FDS
and used for the calculation of heat transféwraough boundaries.
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Resumen

Computational Fluid Dynamics (CK8hamica de fluidos computacionas elestudio de

fluidos para el andlisis dsusfendmenos mediante escenarios simulados en un entorno
informético. Uno de los paquetes de simulacién de CFD méas conocidos en el campo de
seguridad contra incendios es leire Dynamics Simulat¢FDS). Las tareag @onfiguracion

de un archivo de entrada FDS pueden llevar mucho tiempo, especialmente para geometrias
de edificios complejos. Pyrosim es un preprocesador para FDS que facilita el trabajo de crear
geometrias y seleccionar los parametros y las medicionegatas requeridas para una
simulacion de incendio.

Building Information Moddéhg (BIM) permite la creacion de representaciones
tridimensionales de edificios con graficos realistas y con un alto nivel de detalle.
Adicionalmentelaspropiedades de los nteriales y otros datos delb&nestar contenidos en

un modelo BIM. Esta informacion es necesaria para realizar simulaciones de incendios, por lo
gue BIM puede ayudar a evitar la reinsercion manual de datos para configurar un archivo de
entradade FDS.

Est tesis evalla las estrategias para usar la informacién relevante contenida en un modelo
BIM para la simulacion de un incendio utilizando F®8uyalrequiere el analisis dedustry
Foundation ClassedFC) como un formato de intercambio de datos. Se identificod que el
archivo IFC contiene datos sobre las propiedades térmicas de los materiales en el modelo
BIM, aunque Pyrosim no lee esta informacion del archivo IFC durante el proceso de
importacion. Se scribié una herramienta de scripting en el lenguaje de programacién Python
para mejorar el archivo de entrada FDS obtenido de Pyrosim con datos térmicos del archivo
IFC. Las simulaciones de incendios se realizaron en tres modelos de edificios diferentes,
partiendo de un edificio basico para analizar el intercambio de datos paramétricos.
Finalmenteun modelo mas complejfue usadagpara verificar la implementacion general de

las estrategias. Se confirmdé que una vez que el script de Python mejora el aelkenatia

de FDS, FDS puede leerlo y usarlo para calcular transferencia dercksifronteras.
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1 Introduction

For assessing the development of a fire in a buildimgre areseveraldeterministic models
available to be usedOne of then is calledTwo-Zone Model which rely on the assumption
that the hot and cold gases in a compartment create two vaelfined zoneswith uniform
temperatures Althoughthis simplificationis suitablefor a wide range of experimental results
it stillincludesa significantamount of approximations and uncertainty the other handthe
most advancedtool nowadays isComputational Fluid Dynamid€FD)which divdes the
volume in study into several smallvolumes and calculates thefundamental laws of
conservation of mass, conservation of momentand conservation of enmgy. The solution
applied by CFD is focused on thecadled NavieiStokes equations.

One of the most know CFDsoftware used in thé-ire Safetyield isFire DynamisSimulator
(FDS) whicmumericallysolvesa form of the NaviefStokesequations for fire driven flows
This software developed kihe National Institute of Standards and TechnolobyS) does
not have agraphi@l user interface It isneededto write down the lines ofnput required for
the simulationInputssuch as de biding geometry, fire size, materials properties are written
line by line. Similary, the desired output isintroduced by selecting the location of
measurement devices demperature contours However, these tasks are tinro®nsuming
and maket impossible ¢ think in creating complex geometries by writing downe by one
the location and shape of every element in the building. Pyrosim is -proessor of FDS
which makest easier the job of creating the geometry and selecting the correct parameters
and measurements required for the simulation.

Building Information Modelling (BIM) is being used in thérchitecture, Engineering and
Construction AEQfield for the design, costruction and maintenance of buildings.altows
creatingthree-dimensionalrepresentatiors of buildingswith realistic graphics and with a high
level of detail. Besides the geometry, imcorporaes information such as material
characteristicsphysicalproperties element functionguantities,costs, eteetera. Amongthis
information, it ispossible to includeéhe thermal properties of the materials that are part of
every element in the building.

Since the geometry, thermal properties of the materials and other information might be
contained in the BIM model of a building, it results relevant tothsedigtal informationfor
performing a fire simulatiorto avoid reentering data manually in the FD&put file. This
results in a more efficient wayf transferring information for example frodrchitects to Fire
Safety Engineers.

This thesis evaluates strategies for using the relevant information containg&lill model
in the simulation of a fire using FDS. Thiecessrequires the analysis & dataexchange
format, Industry Foundation Classds allow this export and import procesis was identified
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the relevant information contained in the BIM modahd the data losses that occur when
bringingthis informationinto FDSusingPyrosim.

Authors such as Dimyadi et @Dimyadi, Solihin, & Amor, 201Bave done research using
information from BIM models to support the simulation of fires in enclosures by using BIMRL
as a query engine to pvide the required BIM data from an IFC file for mapphregFDS input

file. It was also considethe use of Blender FDSn anterface within Blender modelling
environment to guide users in manually inserting the required FDS input tdevever that
researchhasnot analysedhe capabilities of commercial software such as Pyrosim in getting
data from an IFC file.

It was identified that the IFC file containke building geometry data and information
regardingthe thermal properties of materials in the Blkhodel Pyrosiminterprets the
geometry in the model budoes not read informatiorabout material properties This
restrains the possibility of taking into account heagds through the boundarie$n order to
enhance this transfer of datag scripting tool was written inthe Python programming
languagdor extractingrelevantinformation from the IFC formatndinsertingit into the FDS
input file from PyrosimFinally, for evaluating the functionality of the FDS file obtained, fire
simulations were performed in three different BIM models.

1.1 Objectives

9 To determine methodologies of coupling Building Information Modelling (BIM) and the
simulation d firesin enclosures in Computational Fluid Dynamics (CFD) through a suitable
data-exchange.

1 To identifythe required data in the Building Information Model in order to get tiezessary
input for performing a simulation of a fire ftomputational Fluid Dynamics (CFD).

1 To evaluate the feasibility of performing a Computational Fluid Dynamic (CFD) simulation
of a fire event in a case study building by the use of information obtained from a Building
Information Model (BIM).

1 To create ad evaluatea prototype tool to address shortcomings in the model data
transport from Building Information Modelling (BIMp Computational Fluid Dynamics
(CFD}¥oftwarepackages.

1 To analysdimitations and challenges during the implementatiohdifferent methods for
integrating Building Information Modelling (BIMjth the simulation of firs in enclosures
in Computational Fluid Dynamics (GRIDd communicatethese outcomes to developers
and researchers.



1.2 Methodology

A literature reviewwas carried out to collect informatiorabout essentialconcepts in the
Buildinginformation Modellingandthe Fire Safety Engineerirggeas This requird to search

for articles, thesis or studies thatere donein applyingBIMfor creding building models and
the use of CFDfor the assessment diire scenarios.The first stepwasto find accepted
definitions of BIM and to identify where it is used, what it is used for, which fields and
countries are working with it, and how it has beesed in the Fire Safety Engineering field.

Later, itwasinvestigated the dataexchangeoptions available to migrate the information
from a BIM software to CEIncludingconcepts such as Open BIM and Closed BIM for the
understanding of thedifferent approachesand workflowsfor sharing BIM datalndustry
Foundation Classes (Ir@sexplored in more detail, to understand the different Model View
Definitionsoffered in the IFC formaits data structureandversions

In order to understan@nd evaluate the data export and import from the BIM software to the
CFD software, a basmuilding was modelledin the BIM software. Some variations in the
parametric definitions of thanodel wereintroduced analysed and comparedin order to
inspect thegeometryand datain the IFC fileBIM Viewerwas usedwhichis a freeware IFC
model viewemwhichallowsworkingwith files in format IFC @©atacomp Sgz 0.0., 2019)For
reading the text in the IFC file, it was used NotepadHa; 2019r free source code atbr
that supports severghrogramminglanguages.

Later, the IFC file waBnported intothe FDS prerocessomprogram Pyrosim The variatios

in the input file from the BIM model were analysed against the information receaedl
presentedin Pyrosimin order to identify data losseand appropriate configurations to be
selected while performing export and import activities.digital datasheet was created to
control the different version of the BIM model, the IFC files exported and thesPygrojects
created. In this datasheet it was registerthe findings during the process, the specific
definitions analysed and a graphical record of the appearances of the models in Revit, BIM
Viewer and Pyrosim.

A seconduildingwasalsoused toanalysethe transfer of information from BIM to IFC and
Pyrosim.This BIMmodel, called theTwo-room mode| contained additional elementghan
the Basic building modekuch asvindows, doors and openingand helped to understand
the development of a fire ia building with multiple rooms

During this process, shortcominigsthe transfer of datavere identifiedin the IFC Export tool
of Revit Atool was created in the Python programming langutmeesad thermal properties
from the IFC filen order to enhance mFDS input file obtained from Pyrosiim.PyroSimis



was set most of the fire scenario conditions, including mesh size, fire loctitmsijze type
of fuel, simulation time, temperaturand visibility measurements.

The scripting tool was evaluated in more complexmodel, a Health Centerprovided by
Autodesk IncWhile performing the implementation of the case studywasanalysed the
different strategies and how to address theRirally, simulation results were obtained in the
form of temperature and visibility contours as well as wall temperature in the boundaries
andthese wereanalysed against performance criterighere were identified limitations, and
challenges foduring the implementation processhich were communicated via email to
developers and researchers interested in this topic.

1.3 Scope

As many programs are available for BIM and CFD, it will not be [gossdxldress all of them.
Just the mostvidely used software ithe field wasanalysed. Sincthe author already had
some established proficiency wikutodesk Revit, FDS and Pyrosaamdconsideringhe time
constraint for the development of hpresentresearch this group osoftware wasprioritised
during the review of themplementation strategies regardless of other software that might
bring similar or better results.

The significantamount of information and the detailed geometrical model from BIM recgiire
long calculation times oadvancedhardware requirements if precise results are wanted.
However, this studywasfocused orthe workflow from setting up the BIM model until getting
results fromFDSA detailed mesh sensitivity analysigs not performedThe size of the grid
cells vaslimited to perform simulations with fewer computation demandEherefore, the
results from the CFD model might not be precise.

The building models atysed in this study were simulated for fire conditions that might not
be representative or critical. It was not assessed the probability or the level of hazard of the
fire conditions set in those scenarios. The fire size, type of fuel, locations ofr¢harid
ventilation conditions were used for testing the workflow of using a BIM model until getting
results from FDS but might not be representativettod contents and conditions in those
buildings. The performance criteria evaluated in this study shd@dinderstoodas an
example that these simulations from FDS can be interpretediife safety context, but not

as conclusive fire performance results.

The Python script proposed in this study is based on the current output of IFC files from the
Revit FCExport tool and the FDS output from Pyrosim. If updates are made in the output data
in thosesoftwarepackageshat modify the information read by the scripting tool,ntight be
requiredto verifythat the tool continuesworkingas intended.



2 Literature study

2.1 Building InformationModelling (BIM)

Building Information Modelling (BIMi igeneral terms is digital construction of the three
dimensional geometry of a building includidgtailedinformation of its components which
allows a better interpretation of their function, material properties, location and construction
process. lItfacilitates a multidisciplinary collaboration between architects, engineers and
contractors who can find relevant data for activities of design, construction, maintenance and
management of the building during its whole life cydi#M offers useful capabilities for
professionds in the AEC industrysince it facilitates activities such as detailed three
dimensional drawing and rendering, development of quantity take and cost estimates,
clashdetection, monitoring of construction schedule, among oth@arra Diettes & Vecino
Barbosa, 214)

There is no consensus on a definition of Bif§imeaning isrequentlyadapted to thecontext

or discipline in whictBIM is applied.Somecurrent definitionsare given by documentsuch
asENISO196501:2018 which modifiel the widely used definition frorENISO 294811:2017.

This recenstandarddefines BIM asuse of a shared digital representation of a built asset to
facilitate design, construction and operation processes to form a reliable basis for décisions
(International Organization for Standazdtion, 2018)

One commonlyused definition is the one given by tHéSNational Building Information
Modelling Standard (NBIMSyvhich defines BIM asa digital representation of physical and
functional characteristics of a facility. A BIM isheared knowledge resource for information
about a facility forming a reliable basis for decisions during itsyitde; defined as existing
from earliest conception to demolitién(National Institute of Building Sciences, 2019)

In Australiathe National Guidelines for DigltdModellinggivestwo characteristics of a BIM
modelY Firgt, it must be aliree-dimensional representation oftauilding (oranother facility)
based on objects, and second, it must include some information in thd ordtle properties
about the objects beyond the graphical representati¢@ooperative Research Centre for
Construction Innovation, 2009)

BIM Use

There are several ways of applying BIM in all the phases of the project. The BIM model should

0S R2yS FOO0O2NRAY3I (G2 GKS ao2BINSUsé Yy OB BBOK aA RSK
by Penn StatdKreider & Messner, 2013sal YS{G K2R 2F | LI @Ay 3 . d:
a2RSfftAy3a RdAd2NAYy3 | FlLOAfAGEQa ftATFTS@aEsGt S G2
combination of the specific objective to be achieved when applying BIM and characteristics
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to define,identify and communicate the BIM use accurajeherefore, it should be defined
at the beginning of the project.

When applying BIM for the analysis of the performance of the building in case of fire, it should
be specified the clear objective to be ackheel when applying BIM. This present study
suggests minimunBIM Usepurposes in which this activity should be focused &or
developing a BIM model based on the guide from Penn State. It is given a scopeBtifithe
Useapplied in this study as a referentmr future works when the user intends to perform a

fire CFD simulation. If a fire safety designer wants further purposes, they should be included
in his specific approach, such gsantification, monitoring, visualisatiowhich are not
covered in this stdy.

The planning team of the project should determine how they will be implanting BIM on the
project and make @&go/no g& decision on eaclBIM Usepurposes prior more elaboration.
The primary purpose of BIM in this present research i®tecast Its djective is to conduct
detailed analysis to predict the future performance of a facility facing a givemario, in this
case, a fire event.

A secondary purpose of the BIM model isgenerateinformation during the design phase.
Any time that informatn is authored, modelled or created it is generated. The model should
contain the necessary information for performing the CFD simulation. Therefore, it is required
to determine the magnitude and scale of the facility elemer8&z¢ and to determine the
location and placement of those elemensr{ange.

A tertiary purpose of BIM is transform this means to translate the information to be

received from one form (or format) into anotheso thatit can be received and used by

another process. In thisag, this is done by exporting information from Revit into an open
source format, IFGvhich is later used in the CFD package.

BIM adoption

The adoption of BIMaround the worldhas grown in diffeent ways. Countries such as the
United Kingdom, the United States of America, SingaporeFimiand which were the
pioneers have been working with BIM for several years and have mandgteaise in public
projects Instead BIM is less developed LratinrAmericancountries.

A study conduatd byJung and Leglung & Lee, 2015putlined the stateof BIM around the
world in 2014 by a surveywith results from150 respondentsWhileNorth America, Europe,
Oceania, and Asia were advancirapidly toward a mature stage of BIM, the Middle
East/Africa and South America wgust earlyadopters of BIM.
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The International BIM report in 20(&IBA Enterprises Ltd, 20I®mpared theadoption of
BIM acrosghe Czech Republic, Canada, DanknJapan and the Uks it is presented in
Figurel. Severaktakeholdersvere surveyed in themnderstandingawarenes andadoption
of BIM between 2014 and 2015Both Canada (127 respondeptand Denmark (189
respondents) reported a majority of using BlWerepeople fromthe architectural discipline
participated the most61% in Canada anB8% in DenmarkFrom the UK close to 900
responseswere received In Japan244 respondents participated for the gir time in an
international BIM surveywhere 60% of them were &m the design fieldOne hundred fifty
seven responseswere receivedfrom the Czech Republiavhich reported the smallest
percentage ofidoption Among other reasonghis resultsin the Czech Republabeyto the
high prices in BIM software which just big companies are able to afitostiould be noted
that since BIM does not have singe definition, these reults are affected byational
differences in understandinghat BIM is

Respondents aware of and currently using BIM

Denmark Canada Japan Czech Republic
Country

Percentage [%]
P N W DA OO0 O NN O ©
O O O O O O O o o o

Figurel. Awareness and use of BIM. Taken frioernational BIM repor2016(RIBA Enterprises Ltd, 2016)

Understanding how BIM is adopted in Lafimerica idimited by thescarce data about the

use of BIMtogether withthe different dynamics in the industry of each countGhile is a
leaderintheregimg A 0 K A G & &0 NI G S 3 mwhkich pdortotés BiM irethe pubiddze S H
and private sectorsAdditionally,éPlan BIM a 10-yearprogramcreated in2016is aimingto

increase the productivity and sustainability of the construction industry through the
incorporation of processeand methodologiesusing BIM.One of its main objectives the

gradual incorporation of BINdy 2020in projects developed by public instttans (PlanBIM,

2019)

In countries such as Argma, Mexicq Panama Uruguayand @lombia it has been

implemented aLIN2 ANJ Y OF f f SR indepdndentgfodsdindrsed dri dach
country. These working groups integrate stakeholddrem the construction industry

11



engineers, architects andducation institutionsto promote good practicesiesearch and

training on BIMin order to motivateits adoption INANBSY G Ayl £ F2NJ SEI YLX S
organsed a survey in 2016 377professionals in the industrywhich reporedthat 65.2% of

them knew about BIM and that 38.tvasusing it(BIM Forum Argentina, 2017)

In Colombiathe demandfor professionals with knowledge in BIM haeen increasingrom
2015.National and international construction companies amakingefforts on trainingtheir
employeeson BIMfor implementingit progressivelyin their workflows.a . L a ¥ 2 NHzY ¢ ¢
launched in Colombim 2018by CAMACO\with the aim ofincreasing to 50%he useof BIM

in constructioncompanies by 202@orero Ramirez, 2018)

The adoptiorof BIMin the United KingdomSweden and Australia is explained in more detail
next.

United Kingdom

In the UK the government playsceucialrole in demanding the introduction of BIM. In 2011,

the UK Cabinet Office announced that the government would mandate Level 2 BIM on its
projects from April 201¢Cabine Office, 2011)In support of this mandate, a BIM Task Group
has hosted the development of a series of British Standard and Publicly Available Specification
(PAS) documeni@®ritish Standards Institution & UK Government, 2019)

1 PAS 1192:2013.It was the first BIM guide released. It was intended for specifying
ginformation management for the capital/delivery phase of construction projects
usingBuildingInformationM2 RSt f Ay3é ® | 26 SOSNE Al 61 & NB
19650

 PAS 1198:2014.{ LISOAFASEA GAYF2NXI GAZ2Y YIylFI3aSYSyi
FaasSda dzaayd . LaXéd ¢KS FaasSad YIyl3aSySyi
of managing portfolios of assets which can be complex and diverse. This PAS focuses
on the operational phse of assets regardless of the way how these were
commissioned.

T PAS 1192020140 LG A& | O2RS 2F LINI OGAOS F2NJ
SEOKIFYy3S NBIldzANBYSyia dzaAy3a /h.AaASé¢d [/ h..
information exchange) is a convémnial structure for the exchange of information
throughout the lifecycle of a facility ensuring compliance, continuity and
completeness.

1 PAS 1195:2015.Due to increase use of computetbased technologies in support of
the management of assets throughotite built environment life cycle, this PAS
provides a framework to assist stakeholdensaddressingvulnerability issues by
sharing information in a securiyinded fashion.
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T EN ISO 19650:2018. Recommends principles for business processes in the built
environment sector in support of the management of information using BIM during
the life cycle of built assets. It highlights that collaboration between participants
involved in asset management helps to achieve higher levels of quality and greater
use ofexisting knowledgeApplicable for all size construction projects.

1 EN ISO 1965R:2018.Establishes requirements for information during the delivery

phase of assets and to produce information in a collaborative environment in a
practical way.

With this work, the UK government wants to position the UK to become the world leader in
BIM. The National BIM report 201BIBA Enterprises Ltd, 20K8jows that this goal is being
accomplished as shown by the growing adoption of BIM in the construction industry. The
survey included the responses from 808 wide range type of organisations, fromdaogesg

small to large projects and people from diverse professions, including architects, BIM
managers, contractors, service engineers, etcet®easults from theNational BIM report
2018regarding BIM adoption in the UK are presentedigure2.

BIM adoption over time in the UK

2011 2012 2013 2014 2015 2016 2017 2018
Year

120

100

8

o

6

o

4

o

Percentage of adoption [%]

2

o

o

m Aware and currently using B Just aware M Neither aware nor using

Figure2. BIM adoption over time in the UK. Taken from National BIM RERIBHA Enterprises Ltd, 2018)

Data presented inFigure 2 shows that from 2011, when the BIM mandate was first
announced, the adoption of BIM in the UK has grown 61% until 2018. After the mandate
becane effective in 2016, it has increased by 20%. It should be noted that there is still a 25%

not using BIM. Some respondents highligghtthat the Government needs to continue
enforcing the BIM mandate.
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Sweden

Sweden is under pressure to increment and materialise mandates to build and optimise BIM
and associated standards. Its Nordics neighbours are amongst the pioneers in developing BIM
policies and standards to support adoption in the construction sg¢tooper, 2015)In 2009
initiated asectorwide research and development programme named OpenBIM as a call for
state support. Initially, five state organisations started working together, namely Akademiska
Hus, Specialfastigheter, Riksdagsforvaltningen, Fortifikationsverket and Statens
Fastghetsverksomhet.

Foreningen for Forvaltnings Information (FFI) and the local chapter of BuildingSMART also
joined the group changing its name to BMlliance Sweden in January 2014. Now the alliance
counts with 180 companies and organisations as memlitessresponsible for promoting the
adoption of BIM in the Swedish AEC industry and for coordinating sector and academic
research and development relating to BIM and open standards.

The five stateowned original members of the BIM alliance have motidade initiative called

G.La A adlrdSyé¢ o.La Ay GKS adrdiSuv gKAOK KI &
the use of Building Information Modelling in projects and managen(igiM Alliance Sweden,

2017) wecifically:

T G{GNIGSAA FIN .La A FINBIfGYyAya 20K LINR2:
and project.

 a! G GSO1tAYyTaLINRPOS&aa FIN . Lag¢ oHnmnuI 5S5S@S

T ALY F2NXVI GA2yaKlIydSNAy3 A FINDFEGYyAy e (
management.

T awAlOf RYXENIRYIAy 3¢ OHnmnOI DAdZARSfAYySa FT2NJ

T awAlUfAY2SNI RAIGAGEE L £ SOSNIyasSNI FI1 N Tl NI
for management.

T awAlUfAYy2SNI . La A LINR2SOG¢ O6HnAmMnOX DdzA RSt

Another public authority has launched initiatives to formulate BIM requirements. The
Swedish Transport Authority (Trafikverket) is the largest developer of infrastructure in the
country. It is leading an ambitious strategy where all investment projects 20b% require

to be delivered by a predefined BIM maturity level. Their goal is to use BIM throughout the
LINP2S0GQa tAFTSO0tS FNRY LI} Hajikieyket, 2612) YI Ay Sy

Thelargest SwedistBIM project to date

New Karolinska Solna (NKS) Hospital in Stockholm, is described as one of the most remarkable
projects in which BIM has been vital for design, construction and operédls, 2017) The
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more than 320,000 fof indoor space (including 8000 rooms, 38 operating theatres, 168
examinations rooms) and the demanding requirements for a LEED gold certification made the
project team to select Building InformatidModelling.

During the design phase, a cloud collaboration system was employed for better document
management among all parties, from architects, and contractors through mechanical and
electrical engineers, including even facade consultants. Throughklyweeetings, the team
members were able to resolve several clashes, identify risks and analyse costs and
programming.

Later, during the constitution works, the latest information was put together for supervisors,
site managers, engineers and contractoifsis has saved time for printing or searching for
information on a large data scale project. On top of thatpast data will be shared to the
partners Skanska and Innisfree, the organisations in charge of operating the facility until 2040.
With this BM model, more optimal operation and maintenance will be possible for the
building for all its life.

Australia

One of the first pilots for assessing the benefits of BIM in Australia was done in Sydney Opera
House in 2007. The Facilities Management Examgroject included the integration of 35
years of construction and renovation works in a spatial 3D design and geographical platform.
It was found that BIM enables consistency in the data, multiple representatiord asd23D
reports, and an integratedource of information to support broader organisational objectives
(Cooperative Research Centre for Construction Innovation, 2007)

LY HAMHI (OKS abldA2ylf . dAftRAYI LYF2N¥IGAZ2Y
recommended the Australian Government to work together with industry to accelerate th
adoption of BIM in Australia by defining thé& af July 2016 to require full collaborative BIM

and open standards for information exchange. It also endorsed the adoption of a BIM
Roadmap, the development of legal and technical instruments to supporntéredatory use

of BIM and the education of clients and operators on the benefits of @MdingSMART
Australasia, 2012)

Several organisations are working together for promotiogsistent approaches to BIM. The
Australasian BIM Advisory Board (ABAB) was established by the Australasian Procurement
and Construction Council (APCC) and the Australian Construction Industry Forum (ACIF),
together with standaresetting bodies, NATSPEQjIthngSMART and Standards Australia.
This is a government, industry and academia partnership working to maximise the value of
BIM. Some key open standards and guides have been developed as sHagura3.

15



Consistent BIM Object Names & Propel
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Clarity of Project Requiremer

Consistent Client Information Requireme M
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Consistent Langua NATSPEC BIM Guide
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Figure3. Open standards and consistent practices. Taken from NATSPBETABIBPEC Construction Information Systems
Ltd., 2019)

Some independent studies have been applied in Australasia to create an insight into the level

of adoption of BIM throughout the years. In 2010, buildingSMART Australasia surveyed the
adoption of BIM in AustraligFour hundredorganisations participated irhe survey, from
GKAOK To: FTYA6SNBR (KS jdzSadAaz2y a52Sa& @&2dzNJ
indicated that they were using BIM, among which engineers and contractors were the highest
users; 24% said that they were not using BIM, and 27% did not ankisespecific question.

However, some limitations should be noted since the survey lacked statistical analysis, control
over the respondents, and knowledge about the total number and size of businesses in the
industry at the momen{Allen Consulting Group Pty Ltd, 2010)

On the other hand, in 2013 McGraw Hill Construction (MHC) applied a survey on firms located
in Australia and New Zealand to understanditrengagement with Bll. This survey used
accepted industry research standards to produce results with a high level of confidence. The
total sample included 435 participants from the design and construction industries. This
report showed that 51% of all users had been engagild BiM for more than three years

on more than 30% of their projects. From this study, MHC concluded that in Australia and
New Zealand construction industry remains locally driven by small firms characterised by
regional differences. This influences theaeness of BIM, which is high but relatively early
compared to other regions such as the United StgdMsGraw Hill Construction, 2014)

2.2 Data-Exchangebetween BIM and simulation software
In order to understand howdataexchangecould be done between BIM software and
simulation packages, it should beear theavailableapproactesfor sharingBIM dataand

workflows across the stakeholders of a projeg8ormann et al(2018)explained some key
terms for understanding thseapproaches.
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In one scenarioa project stakeholderapples a specificBIM software forperforming a
disciplinespecific taskThe building model is not handed over other stakeholdansl there
is no irvolvementof other software packages. This is caliedtle BIM 5 divgsah isolated
solutionwhere the external communications are doasingconventional drawings

On the other handif constant communication is done between stakeholders from different
disciplinesand during the whole lifecycle of a project,i’ A & BIG IBIMf F&Rthe &
coordination of this wdkflow, model serves or databasesare often used for sharing
information. This is the scenariaddressed in this studyherea BIM model is done by a
design firmwhich shares the building modeto other stakeholders, such as the structural
engineer, electrical engineeand the fire safety engineeTheseother parties use their
disciplinespecific software foperforming their simulations.

Later, the challeige is to decidethe file formatsand software for exchangingnformation

among stakeholderswhether to usefile formatsreadable bysoftware fromone vendor

(6Closed BI¥) or vendorneutral formats 0@pen BIM 0 ¢ KA OK dpéwourded dzI £ £ &
publicly available and supported by standards.

Severaproprietaryexchangdormats are available for Bllata. The mostommonexample
isRVTthe format used by Autodesk RevRRevitallows interoperability with otheAutodesk
package such asNavisworks usedfor project review whose own format is NWDOther
proprietary formatsfor BIMare PLN byGraphisoft, and DGhy Bentley.

The needor providing interoperability between packages with different internal formats
to the creationof openstandardgo serve the needof the AEC industryindustry Foundation
Classes (IFClor exchangingcomprehensive BIM data betweensoftware packages and

Construction Operations Building Information Exchange (COBielransferring data and
documents to facility managers in a humssadable form.

The opensource feature of IFC makes it @eferable format among several software
disciplines which helps inthe implementation ofBig Open BIMé workflows. IFCis a
supportedfile format by Autodesk Revit andhany other BIM software. dlike RVT format,
IFCis alsoread byPyrosim, a prgrocessr of FDSor the simulation of fire scenario$-C
featuresmake it a suitable dataxchange format for this studynd it is explained in more
detailednext.

Industry Foundation Classes (IFC)

Industry Foundation Classes (IFC) is a vendatral format developed by the international
organisation BuildingSMART. It is a data model that represents both the geometry and
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semantic structure of the BIM model. IFC is intended to cover a broader rdrdjéfevent
data exchange scenarios than the proprietary formats, making easier the interoperability
work and avoiding to manually +enter information previously created.

The idea of using IFC on this research is to be able to communicate the infarifget@mmetry
and construction properties) from the BIM model (Revit) to the simulation software (Pyrosim)
while reducing data losses.

The data modelling language for IFC is EXPRESS, as explained by A. Borrmgoigj al.
follows objectoriented princiges such as the abstraction of objects in the real world into
entities, where each entity type is related to attributes and relationships to other entity types.

Many countries have adapted IFC schemas into more customised outputs and have adopted
IFC asan obligatory data exchange format for construction bidding and design approvals.
Singapore, Finland, Norway, United States of America and Great Britain are among the
pioneers(Borrmann, Beetz, Koch, Liebich, & Muhic, 2018)

IFC releases

Building®MART presents on its webpage the timeline of the different releases of IFC
(BuildingSMART International Ltd, 201%e first IFC platform released was published in
November 2000 and was call&#eC2xIt introducedthe concept of a core model and domain
extensions. An addendum followed IFC2x in October 2001, but it was replaced in May 2003
by IFC2X2which introduced submodels for structural analysis, and electrical, plumbing and
building control definitions. It ab allowed 2D content.

The third release, IFC2X3, was published in February 2006 which integrated and improved the
guality from the previous releases. Since July 2007 it is recommended by Building SMART to
use IFC2x3 Technical Corrigendum 1 rather thnather previous release.

The current release, launched in March 2013, is IFC4 (also called IFC2X4) which enhanced the
capability of the IFC specification in its main architectural, building service and structural
elements. It also improved the readahjl and ease of access to documentation. A first
addendum was introduced in July 2015 (IFC Add1l) followed by Addendum 2 in July 2016. The
main change in IFC Add 2 is related to improvements ilvibeel View Definitiongexplained

next), for example in the tessellated geometry for thReference Viewand the advanced
boundary representation geometry for tHaesign Transfer View.

The future IFC5 is currently in a planning phase, but it is expected to include further support
for infrastructure domains.

18



IFCModel View Definition

According to Jakob Beetz et @Beetz, Borrmann, & Weise, 2018)hen the exchange of
information is based on an IFC model, a Model View Definition (MVD) helps to determine
which information is necessary and which is optional for a particular aspect, process or
stakeholder views. The MVD specify what parts of the overall IFC model is narrowed down
and the classes, attributes, properties and relationships that are required fepeaific
purpose. This makes it easier to implement specific use cases (such as structural or fire
simulations) and application areas (like tendering or design approval).

A standardised subset of the IFC schemasbegn predefined by BuildingSMART pesify
further the content expected from the building model:

1 [IFC2x3 version

o Coordination view: It was the first Model View Definition developed by
BuildingSMART. First implemented for the IFC2x release, and currently available as
Coordination View Versip 2.0 for IFC2x3. It allows sharing BIM information
between the architectural, mechanical and structural engineering disciplines. It
contains definitions of spatial structure and building service elements needed for
coordinating these disciplines. Othegmanticinformation can be assigned to those
elements, such as property sets and material definitiohsintroduced some
extensions by the following adoh views:

A Quantity take-off add-on: It transmits base quantities for all spatial, building,
building service and structural elements.

A Space boundary addn: It describes the additional IFC support required for
the exchange between architectural and building service modelling software
and thermal analysis software. The space boundary definition (also called
GKSNXYIf 02dzyRINBO Aa LYFTfdzSYOSR o6& GgK
of space boundaries are explained as follg&srrmann, Beetz, et al., 2018)

15t Level space boundaries disregard angraifes in building elements or
spaces on the other side.

2"d|_evel space boundaries consider changes in building elements or spaces
on the other side. Additionally, it also considers the material of the building
element, providing thermal propertigg@utodesk Inc., 2019h)

A 2D annotation addon: It allows the exchange of 2D element representations
such as annotations, dimensioning and remarks.

o Structural Analysis Viewit is used to send a structural analysnodel, from an
application to other structural analysis applications, which might use different
analysis methods or codes. It supports that the same structural analysis model can
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be evaluated regardless of the primary construction type (either steel,ctete or
timber).

o0 Basic Facility Management Handover Vielwaims to improve the interoperability
of the building information lifecycle by enabling the integration of planning, design,
construction and commissioning applications with Computer Aided Facility
Management (CAFM) and Computerized Maintenance Managentystem
(CMMS) applications.

9 [IFC4 version

o Design Transfer View (DTM}:is used in workflows where the models are handed
over to perform further processes. It provides building information that allows
modifications of the content by inserting, deletj, moving and modifying elements
and spaces. In IFC DTV the source of the BIM informedéiohe shared.

0 Reference Viewit is particularly suitable for BIM workflows based on reference
models, where the exchange is mainly etieectional. Some of the conmon
characteristics in the workflow when using IFC4 Reference View is that the source
of the BIM information remains in the original author and the receiver of the model
can analyse and extract the information from it but is not supposed to modify the
model. It is mainly intended for visual checking, clash detection and Quantity take
off.

IFC structure

This sukchapter presents some concepts of the IFC structure which are required to
understand the activities of analysis of relevant data from the iEC This allows the
extraction of information from the BIM model using the Scripting Tool and results in an
enhanced FDS file.

Borrmann et al(2018)describel the structure and inheritance hierarchy of the IFC format.
IFC is a data model structured into several layerseratthe upper ones can reference
elements in the layers below, but not vice versa. It is divided into the Core layer,
Interoperability layer, Domain layer and Resource layer.

The Core layer contains elementary classes that define basic structures, key relationships and
general concepts which can be-used in more detail by the upper layers. One scheme
SEGSyarzy O2yilAYySR Ay (GKS / 2 NBibdstheghysicak & @ KS
and spatial objects of a building and their respective relationships. It consists of subclasses
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like IfcBuilding IfcElements IfcOpeningElemenamong others. Additionally, it comprises
relationships classes such as tfeRelAssociatesMerial.

The Interoperability layer lies above the Core layer and represents a connection with the
Domain layer. There, derived classes can be used for different application schemes, such as
IfcWall IfcSlabor IfcWindow Above them, the Domain layer coirta highly specialised
classes that apply to a particular domain, such as electrical, heating, ventilation and fire
protection elements.

Below the Core layer, it is found the Resource Layer which provides basic data structures that
can be used in thentire IFC model. Some of these schemes include the Geometry Resource
(elements such as points, vectors, curves or swept surfaces), and the Material Resource.

The inheritance hierarchy defines specialisation relationships which links the attributes and
classes that can be inherited from other classes. The starting point in the inheritance tree (see
Figure4) is thelfcRootclass which provides objects with a unique idécdition, describes
ownership, origin and history of changes made to it.

w— I, /fcRelationship
_ IfcObject [ IfcTypeObject W IfcVoidsElement
|
|
|

—ciooo,
IfcSpatialStructureElement m

m IfcBuilding IfcBuildingStore IfcBuildingElement lfcFeatureElement]

Licvivcow Il icvar - icoean - icCoumn

Figure4. Inheritance tree of a part of the IFC data model. Taken from Borrmann(20a8)

From thelfcRootit is found the next derived supealasses:

1 IfcObjectDefinition It is an abstract superclass for classes representing physical
objects, sptial objects or conceptual elements. It contains three subclasses, namely
IfcObject IfcTypeObjecand IfcContext

Under thelfcObjectclass, it is found thécProductclass, which is an abstract object

representation to which it can be assigned a geometry and a location within the
coordinates system of the project. In turn, it contains:
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o

IfcElement which is a superclass for all impant basic classes including
IfcBuildingElement, which contains elements suchfe@/all, IfcSlab, IfcWindgw

etcetera.
IfcSpatialElementused to describe nophysical spatial objects, such KsSiteor

IfcBuildingStorey.
IfcProxy:used for the represertion of objects that do not match in any predefined

semantic type, such as topography elements.

IfcPropertyDefinition Defines properties of an object that are not already part of the
IFC data model.

IfcRelationshiplt is the root in which evergelationship object is defined. It is a crucial
aspect of a BIM model because it does not stop in the mere creation of building
elements as isolated entities but describes the function and interaction between
objects. These associations are establishealgsctified relationships which means
that an intermediary object represents the relationship itself. Some relevant
relationships in this study are:

o

IfcRelAssociatedt is used to relate a source of information with an object or its
properties. Besidestber relations, it is significant for specifying materials. In this
case, it is used the relationship cladsRelAssociatesMateriavhich links an
IfcElement with an object of the classlfcMaterialDefinition In turn,
IfcMaterialDefinitioncontains some relevant subclasses for this research:
A IfcMaterial: Specifies the attributeName as a unique identification of
materials.
A IfcMaterialLayer This class contains the attributeyerThicknesand relates
to the IFCMaterial
A IfcMaterialLayerSet This class includes a setltfMaterialLaye classes. It is
an important ability of an IFC model to represent elements form by several
layers.

IfcRelDefines It connects an object with a Property Set Definition or a Type
Definition. Individual IfcPropertySingleValuedefinitions are grouped in an
IfcPropertySet which is linked to an object by the relationship
IfcRelDefinesByPropertieAnlfcPropertycan be added as required to any instance

in the model. It is here where thermal pregies such as Heat Transfer Coefficient,
Thermal Mass and Thermal Resistance are defined. Those are found in the Property
{SG OFtftSR aG!ylrfte@dAOlf t NRLSNIAS&as>S | a
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3 Software used in this study

Threesoftware packages were mainly used in this study, Autodesk Revit 2019 for the Building
Information Modelling part FDS for Computational Fluid Dynamiasd Pyrosim as a pre
processor of FDRwutodesk Revit is the most used BIM software around the whrlthe UK,

for example, Revit is the most populaoftware for producing models with 44%, while
Graphisoft ArchiCAD is following with 19RIBA Enterprises Ltd, 2018ecause of its
popularity, more literature i$ound about its employment in several projects and how IFC is
supported on it. Additionally, this study counted walssistancdrom Autodesk developers

for a better understanding of best practices for its use.

FDS is one of the most common CFD softwesed in research teams for the analysis of
thermodynamics, heat transfer, combustion, fire science, among others, due to its focus on
fire driven flows. Pyrosim is a ppgocessor of FDS; its tasks are crucial for reading IFC files
from BIM software in the study. Pyrosim is a commercial programme, but an educational
license is available at Lund University for conducting research and promoting training among
students.

This chapteralso canpriseshow thermal propertieof materials are defined and calculate
in FDS, Revit arttie IFC format.

3.1 Autodesk Revit 2019

Autodesk is known worldwide for being a leader in architecture and engineering software. It
was founded in 1982 by John Walker together with a team who developed the first version of
AutoCAD, their first Computexided design (CAD) software, used for drafting, design and
analysis of building and infrastructure projects. The significant impact of AutoCAD brought
the introduction of disciplinespecific versions of the software, and othgnoducts such as
Inventor, Maya and Revit. Nowadaysutodeskcomplements its software services together
with a significantcommitment to education, sustainability and entertainmef@8can2CAD,
2017)

LY HanuX | dzi 2 RSIS|IOKYRIf EANB R 20NLEBMAF TG A2y € F2NI |
dollars(Autodesk Inc., 2002Y he software was launched in 2000 by Irwin Jungreis and Leonid
Raiavhowanted to create an architectural software thetuld handle more complex projects

than ArchiCAD, the first BIM software made available for personal compi@ergn, 2012)

Autodesk Revit is a Building Information Modelling software used to plan, design, construct
and manage buildings and infrastructure. It allows the parametric modelling of elements in a
project to enable better coordination and change managein It also allows multiple team

members to work simultaneously in a centralised model. It facilitates the communication of

23



designs thanks to the tools offered for thregmensional drawing and rendering, and the
possibility of adding and presenting sentiardata in the model, for example through material
take-offs. Additionally, Revit offers fully certified import and export of IFC {kegodesk Inc.,
2019c)

In this research, it as used Autodesk Revit 2019 (19.0.1.1) to generate the model of a basic
building and a tweroom building, as described later. One Kewture in this version is the
improvement for IFC4 support. Additionally, this version of Revit enhanced some tools, such
as those for applying custom parametric cuts in steel connections; improved capabilities for
primary/secondary hydronic networks; maximisagrking space with tabbed views and
multimonitor support(Brumm, Crotty, Molloy, & Piechnick, 2018)

The latest release of the software was already announced: Revit 2020. This enhanced version
contains new features such as: support of PDF files; advanced ellipticalmwailsyéd rebar

O2L® YR Y2@0SYSyiliz IyR atliK GNI} @Steésx I dzaS+T
of movement of people in buildings based on travel distances and times between two points

in the model(Brumm, Crotty, Molloy, & Piechuk, 2019)

3.2 Fire Dynamics Simulator (FDS)

Computational fluid dynamics (CFD) is the study of fluid flows in systems to analyse associated
phenomena such as chemical reactions or heat transfer by scenarios simulated in a cemputer
based environmentCFDsolving power is structured around numerical algorithms that can
addresdluid flow problems. It offers unique advantages over experirdeaged approaches

in the sense that it allows a reduction of time and costs of new designs. Additionally, it has
the ahlity of study complex scenarios which might be expensive or impossible to perform in
controlled experiments or to challenge the capabilities of a system above normal limits
(Verteeg & Malalasekera, 2007Threeelements are usually part ofFD software: a pre
processor, a solver and a pgstocessor.

Fire Dynamics Simulator (FDS) is a Computatiblogdl Dynamics softwarereleased in
February 2000as a collaborative work led by the National Institute of Standards and
Technology (NIST) in the United States ®&1d Technical ResearClenterof Finland.It is
aimed as a tool for solving practical fire safety problems and for the study of fundameatal fi
dynamics and combustiofMcGrattan, Hostikka, McDermott, Floyd, & Vanella, 2019b)

FDS includes several models for specialised applications. The Hydrodynamic Model
numerically solves a form of theNavierStokes equations for thermallgriven flows.
Turbulence s solved by means of Large Eddy Simulation (LES), wdhitshdefault mode of
operation, but Direct Numerical Simulations (DNS) are also poddifbenesh is fine enough.
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The Combustion Model in FDS uses a single step, raairtgolled chemical reactioand the
Radiation Transport is solved by the Finite Volume Method (FVM).

One notable feature of FDS is the approximation of geometry obstructions to rectilinear
meshes, and bounding surfaces to flat planes. FDS allows the use of multiple meshes to handle
cases where the geometry does not fit a single mesh and for taking advantage of its parallel
processing options.

FDS acts as a CFD solver without a graphical user interface (GUI). Input can be written in a text
editor (such as Notepad ++) or by thpdrty software (like Pyrosim). Smokeview is used as a
post-processor of FDS and is designed for visagliime-varying fire phenomenadt has been
developed by Glenn P. Forney at NIST. With this software, it is possible to disprated

contour slicedor time-dependentvariables such as temperature, velocity or visibility, and
contour and vector planes fatatic dataat a fixed timeg(Forney, 2019)

Version 6.7.1 of FDS and 6.7.5 of Smokeview were used in this study.
3.3 Pyrosim

Pyrosim is a commercial pprocessor of FQSeveloped by Thunderhead Engineering
Consultants. It provides an easier way to input complex 2D or 3D geometries in FDS through
a userfriendly interface. It also facilitates the selection of simulation conditions and parallel
processing. Pyrosim ensurdsat the desired simulation scenario is written in the correct
format as an FDS input fil&lsq the visualsation tool & w S & tzit c&adnpanies PyroSim
works as a pogprocessor of FDS.

One of the main features of Pyrosim version 2018.3.1210 thatused in this research is the
capability of importing BIM fileas well agormats like CAD and images typgm@, .jpg, .tif,
bmpd ! OO0O2NRAYy 3 (2 (TruniBriieddEDgneeling SdidulRuwihine,2018)
the software can import data from Autodesk Revit by the following formats:

1 [IFC:lt provides advanced BIM data related to the oligeim a buildingalthough it is
currently used only for geometry import in Pyrosim.

1 DXF:CAD format which handles complex geometypes but does not support
appearance information.

1 DWG.:It also supports geometry data but has basic support for mapping textures.

1 FBX:Outstandingsupport for appearance information and texture mapping, but
PyroSim treats the objects as collections of thin faces instead of solid objects. The best
results forimporting this file format in Pyrosim are achieved by the used of thary
plugins such as Simlab Soft.
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3.4 Material propertiesin FDSand Revitsoftware
Material properties in FDS

To considerthe heat transferthrough solid materiak when a fire is simulated in FDS, it is
requiredto includesome properties of the material(s) thidrm the elements of the building.
In the MATL lingthe following propertiescan be defined

Thermalconductivity (k): It is a physical property of a matal that in general dependsn
temperature andthe nature of thesubstance. In solid$eat is transmitted by the efic
vibrations of the atoms and molecules and by free electraiéch acquire an increased
velocitywhen the temperature at onend of an object is raisedWhile these electrons movye
they collide with other particles and transfer their energy to theihigh value of thermal
conductivitymeansa higher rate of heat that mow&to other parts of the solidand then, this
tends to reduce temperature gradien{&arwa, 2017)The units used in FDS gdM//m*K],
andit can be defind in theinput file with the name CONDUCTIVITY

Specificheat capacity(c): Sometimes referredto as ThermhCapacityDrysdale, 2011)s a
measureof the variation with temperature of the stored energy of a substang¢Pitts &
Sissom, 1998Y he units usechi FDS argkJ/kg*K, andit is calledSPECIFIC_HEAT

Density (): It is defined as the mass per unit volunide units used in FDS dkg/m3], and
it is writtenin the codeas DENSITY.

These properties havbeen determined experimentally for several engineering materials,
and some of these values can be found tabulatetitemature sourcessuch as the orsby
{ KI d£Yo98jor Karwa(2017)

Even though that these parametaire temperature dependent and can be seFiDSo take

into accoun this variation, it vasnot consideredfor this project sincets influence in solid
materials is slightandthe data stored in the BIM model does not includérmation about

this dependence.

Additionally, in order to get théeat transfer calculation in FDS, it is necessary to add a line
under the SURHine which establishes the materia(MATL_I thickness(THICKNESS)
emissivity (EMISSIVIT¥Ynd the material mass fractiofqMATL_MASS_FRAGN when a
mixture of solid materials are found in the same laygéowever, in this projecthe emissivity

that wasusedfor FDSs the one by default (0.9and it was considered materials just with
one component per layer.
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Material properties in Revit andFC

Autodesk REVIT 201&nd IFCassign otherderived thermal properties to the building
elements of a BIM projeathich are explained next:

Heat transer coefficient(h): Also referred to as Walue.lt is the constant of proportionality
linking the heattransfer per unit time and unit area to the overall temperature difference
(Pitts & Sissom, 1998) In Revit iscalculated using théollowing equation (Autodesk Inc.,
2019d)

e YD G EE QO OO QUEQO w 7
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Thermal Resistanc€R)= Sometimes called-Ralue.lIt is the resistance that the material
offers tothe flow of heat by conductiotKarwa, 2017)The Thermal Resistanc@ Revitis
defined by thefollowing equation(Autodesk Inc., 2019j)
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Thermal masgC¥ In Revit, the thermal mass value of an element is equivalent to thermal
capacitance or heat capacipputodesk Inc., 20191When heat is applied in a surface, the
solid absorbs heat locally at a rate depending on its heat capadig.higher the heat
capacity, the higher the temperature gradier(tsarwa, 2017)in Revit the thermal mass is

calculated as followgAutodesk Inc., 2019p)

.,
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Where the volumas calculated as the thickness of the material layer Simee square foot
(0.0929 m).

In the other hand when an IFC file is exported, the value of thermal masgiigen as
[J/(me*K)], and it iscalculated in thefollowingform:

*
6 0Q¢ i cOTDD Qe QY Q wmsqueaz—Jr

Revit offers three different ways to assitile mentionedthermal properties to element
types. These can be selected in the AdvahEmergy Settingdialogue and used to suit
different stages in the design process

Conceptualtypes: This is the configuration used IRBevit when no other option has been
selected for an element in a building model. It is intended for enengglyss based on
conceptual massest uses a series of tabulated data for different conceptual constructions.
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For example, for m exterior wall thevaluespresented inTable 1 are availablein the
International System of units

Tablel. Mass Exterior Wall Metric (SI) Val@astodesk Inc., 2019k)

Conceptual Construction Rvalue  Unit Heat
density capacity
Lightweidht Construction- High Insulation 447 139.54 0.234
Lightweight Constructiors Typical Cold Climate Insulation 3.05 155.97 0.214
Lightweight Constructiors Typical Mild Climate Insulation 1.73 184.15 0.193
(default)
Lightweight Constructiors Low Insulation 1.38 301.46 0.196
Lightweight Constructiors No Insulation 0.49 455.55 0.193
High Mass ConstructionHigh Insulation 291 495.67 1.116
High Mass ConstructionTypical Cold Climate 258 477.14 1.081
High Mass ConstructionTypical MildClimate 191 512.67 1.08
High Mass ConstructionNo Insulation 0.24 669.35 1.075

Schematic Typedt is intended for the schematic design stageadsignsdefined thermal
properties for building elementategoriesand overides the defaultConcepual Types when
it is selectedlt includes a series of thermal properties for predefined analytic constructions

Thefollowing are thecategories for Wicha schematidype can be selected: Roofs, Exterior
Walls, Interior Walls, Ceilings, Floors, Slabs, Doors, Exterior Windowgrlkténdows and
SkylightsFor example, for the category of doors, itpgssibleto sekct betweenthe next
analytic comstruction options

Wooden (U=2.1944 W/(m?*K))

Metal (U=3.7021 W/(mz*K))

Timber flushpanel hollowcore (U=2.256 W/(m?*K))

Solid hardwood (U=2.5572 W/(m?*K))

Hollow core wood (U3:1796W/(m2*K))

Door¢ wood ¢ hollow core¢ wood storm (U=1.8737 W/(m2*K))

= =4 4 4 -8 A

Detailed elements: It is used when thenodel contains building elements whose material
thermal properties have been carefully selectedepresent real construction propertiesd
overrides the Conceptual Types and Schematic Types opliogises more realisticesults
when an energy analysis is carried out

Autodesk Revit 2019 has a library of common materials used in the AEC field. This library

includes information o physical and thermal propertiegiside of theMaterial browser, Revit
allows to includehree different assets per material: Appearance, Physical and Thermal.
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The Thermal asset includes nine configuration optiasishown irFigureb. It can be noted
that the required thermal properties of materials for performing simulations in FDS are
included in the information contained in the Revit model.

Material Browser - Concrete, Cast In Situ ? >

| o} Identity Graphics Appearance Physical | Thermal

Project Materials: All = D EE Ml = 1 Concrete TE r|'! «?:{;
Mame P Information
- Ceramic Tile ¥ Properties

Transmits Light
Cherry Behavior | Isotropic =

— Thermal Conductivity 1.0460 W/(m-K)
Qi Cled - White Specific Heat |0.6570 J/(g-"C) =

Density 2,300.00 kg/m*

-

‘L Concrete Masonry Units
- Emissivity 0.95

i Concrete, Cast In Situ Permeability 182.4000 ng/(Pasm®) | .

- Porasity 0.01 S
. Concrete, Sand/Cement Screed Reflectivity 0.00 =
q Copper Electrical Resistivity 2,000,000.0000 (:m | >

' Damp-proofing
r
Default

[ |

E-@-B «

Figure5. Material Browser in Revit 2019. Thermal Properties@oncrete, Cast In Situ

Revit automatically calculatedeat Transfer Coefficient (U), Thermal Resistance (R), and
Thermal mas$or each elementype depending on the thickness of the material layarsl

its materialthermalproperties using the equations mentioned befardowever, these three
properties are only calculateghen the Detaileddements option is selected and ftre next

specific element typedRoofs, Ceilings, Floors, Walls, Foundafitabs, Structural Floors and
Structural WallsThese valuesre storedinthed ! y I f @ G A OF f t NP LISNI A Saé
thea Q9 RAGO (eLISE¢ G6AYR29 F2NJI SIFOK StSYSyid GeLlSo

For other elementssuch windows and doors, thealues of the Schematic tgpare used (if
this option ha been selected instead of th@onceptualTypes)since the complexity of such
elements makes it difficulfor Revitto calculate thermal properties from the Detailed
Hements
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4 Evaluation of parametric definitions and adjustmentsin different
building models

The evaluation of different parametric definitions was made in building models with three
levels of complexitylt was chosero startwith a simple modeio facilitate the understanding

of the strucure of the IFC format and the data losses during export and import activities. This
first model the Basic Buildingfacilitated the analysis of variations in the construction
materials and the interpretation of these changes when imported in Pyrosim.sébend

level of complexity, the Twomoom building, was intended for the analysis of openings,
windows and doors. The third and more complex building was the Health Cealectedas

a case study for the evaluation tife completeworkflow from getting BM dataand using it

into a CFD simulatiorin this chapter is presented more information on the features of the
building models and the parametric definitions studied

4.1 Building models analysed
BasicBuilding Model

In order toanalysean adequate pathway for exporting information from a BIM modal to
perform fire simulations, it was donelasic building model in Autodesk ReVihe geometry
of the room is based on thieeaction to firdest ¢ Room corner testaccording to thetandard
SSIS097051:2017(International Organization for Standardization, 2QI)e dimensions of
the room are shown ifrigure6.

Using this simple geometrpademore straightforwardo identify changes in the IR text
while modifyingthe geometly or parametric definitionsfrom Revitand the subseqent
resultswhen importing to Pyrosim.

240m

_ Esﬁ
0.80m %
! SN

=
2 =
m‘ 3
(o]

| |
Plan View Front View 3D View

Figure6. Dimensions of th8asic Building Modelccording to S&0 9708.:2017
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Two-room Model

A second modelvas created with more elements and characteristics thanBhasic Building
Model. The Tweroom modelhas double the area than the first one and includeslitional
elements such as a closed door, @en window and a closed windowhis model allowed
the analysis of the IFC file when doors and windows are includedvell as theapabilities
of Pyrosim and FDS for perfoirmg simulationsinvolving heat and smoke spread to further
areas that the roonin fire. The dimensions and geometry of this roame shown in Figure?.

240m 240 m 0.80m 200m 0.80m
r'é
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- - e ;
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0.80m
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0.00m "

:
w :
i
;
;
N :
 —
N
== soor———%

‘ 080m

Plan View Section 3D View

Figure7. Dimensions of the Twmom model

Case studyHealth CenterModel

A more complex building was selectedewaluatea case study wittthe characteristics of a

real building model Autodesk providedi KS &1 S| mdd®f 2 SWHSRIAY {Fy CN»
a BIM model in Revit that is frequently used for #wglanation of Energy Analysis tools in
softwarefrom AutodeskAutodesk Inc., 2019fThis model is presented kigure8 andFigure

9.

Front View

Figure8. 3DFrontview ofthe Health Center
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SouthEast View North-West View

Figure9. 3D South and North viewsf the Health Center
An overview of theeomponents othis building is presented ihable2.
Table2. Features of thélealth Centemodel

Number of floors @ 2 floors
Number of rooms 68 rooms

Total area 998.62
Doorstypes 11 families
Window types 2 families
Hoorstypes 2 types
Ceiling Types 3 types
Roof types 4 types
Wall types 12 types

Qurtain wall types 9 types

In the scope of this researckthe most relevant information in this modéd the one related

to the materials and their thermal propertieShe model hasighty-four (84) different
materialsfrom whichthirty-one 31) materials haveathermal asset already include&ome

of these materials are taken from the library in Revit and others weamicitly maddor the
project. Since not all the materials inclutheermal properties, the information imported into
FDSis not completeto analyse the heat losses through allunalaries.However, this is a
regularscenario that d&re Safety Engineering mighencounterwhen receiving 8IM project
from otherDesignersArchitects orEngineers, who might not be aware of the need to include
further characteristics of the materiafgroposedfor the project.

Even though the model was set in Imperial units, these settings aleargel in Revitto the
International System of Unitis order to match the configuration of the Scripting tool.

33



4.2 Parametric definitions andadjustments

In order to isolate the best step by step in the process of exporting the BIM model into the
CFD sofwvare, severalparametric definitionsvere changd. First regarding the materials of
the construction elements, later related to the type@benings, and last changes in théile
format and versionfor the data exchangeAll theadjustments studiedare shown inFigure

10.
Changes in the proces
7 versig

m Default Materials IFC 2x3 Coordination View 2.
m Builtin Materials IFC2x3 Basic FM Handover Vi
= Multilayer materials IFC4 Reference View

= Multi-region materials IFC4 Design Transfer View

Closed window family IFCXML

i

Figurel0. Parametric definitionshat were evaluated.

Materials

Thefamily types selected fahe first model created in Revit consistetithe generic families
Ay Of dzZRSR A y ConstiitionD&fatiMetticéi S Rewit 2019 These correspond to
the Basic Wall called DSy §20B ¢ | tyeFEloor calleddGeneric 300mm whose
materialswere S | & & . & Thésé inéads2haBtiiapplied material for those
elements wadased ontheir category(Autodesk Inc., 2019bSince on tls template, the
default values were not modified, the material that corresponds to the categofié¥alls
and Floors aréDefault Wadl¢ and dDefault Floog, respectively.

These default materials do not hamay information regarding physical or thermal properties

and their Graphics anélppearance settingare a raw grey colour withut any pattern or
rendering information, as it can be seenFigurell.
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Default Floo

Default Wal
Default Wa

Default Floa

Figurell. Basic building model with default materials.

An IFC file from theRevit model was imported intd®yrosimwhich was able togenerate
geometry and assigna surface to each element depending on the material name.
Consequentlytwo surfaces were created: Default Wall and Default FIBothhavea colour
0Greyp n ¢ I6BASRE sutrface typen Pyrosimwhich means tht the default FDS boundary
conditionsare set in those surface#s a resultthese surfaces have a fixed temperature
(depending on the ambient temperature set in the softwaaed emissivity.

Homogeneous material, Concrete, Cast In Situ

¢KS FTANRG OKIFy3aS Ay YI GSNEdndredx (/21 %o fldgks ({NRIRzzC
and walls @G SIFR 2F GKS a5S7TI dzZ (. ThEtch@eikEinclkdgR G5 S
information regarding physi¢aand thermal properties from the builh library of Reuvit.

Among others, this materidlasthe next thermal properties:

Thermal conductivityl.0460 [W/(m*K)]
Specific Heat: 0.6570/(g*C}
Density: 230Qkg/m3]

wSGAG O £t OdzAf  1S&a a2YS damiybaseadl drtirmaterinlsNEetJS NI A S 2
information is included in the IFC file whénis selectedthe OKSO1 62 E 2F &9 E LR
LINE LIS NI @ BEx@idieCool. Ay G KS

The information in the IFC filwasexplored by using IFC vievsessuch as DDSADViewer
(Data Design System, 201af)d BM Vision(Datacomp Sp. Z 0.0., 2018here, themodel
appearance did not include any texture, except for th&tinctivegreycolourof the concrete.
Addition f f 8> GKS a! yI f & (wetelfdundin fB IES fildesided éther2 T w S ¢
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propertiesfor each one of the family types in the model. Some of these values are shown in
the next table

Table3. Thermal properties for thBasic Building modét the IFC file

Family Type Wall Slab
Thickness 0.2m 0.3m
Material Concrete, Cast In Sit Concrete, Cast In Sit
Heat Transfer Coefficient (JyV/(m"2*K)] 5.23 3.486667
Thermal mas$J/(mz*K)] 302220 453330
ThermalResistance (Rm"2*K)/W] 0.191205 0.286807

However, i shouldbe noted that thecurrent RevitIFCexport tooldoes notexportvalues for
density, which is required for the calculation $pecificHeat from Thermal Massalues.At
this stage Densityis a missing valueequired for the calculation othermal parametersn
FDS later, this issue is addresd whendefiningthe scripted enhancement to FDS data from
IFCdata.

This IFC file was imported into Pyrosim. Even though the software detected the name of the
material and created a surface with that nanitedid not bring any information related to the
YEOGSNAREFE LINBPBLISNIASaAaD® 9QOSNE St Yyl LK R AGEZEA 3
this case everpbject had the same material. The geometry in Pyrosontains all the

elements drawn in Revit, including the door openibgt as in the IFC viewers, the textures

are lost.This geometry can be seenkigurel2.

Additionally, it was also possible to identify that BIM Vision offered a representation of the
IFC model similar to the one brought into Pyrosim. Instead -OB3 Vieweoften showed a
gapin the wallsat the door opening

Revit BIM Vision Pyrosim

Figurel2d . | &A O . dzAf RAYy 3 Y2RSt 6AGK a/ 2y ONBGST /1 aid
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Three different materials:

The second changm®nsisted in intoducing different materials for the elements in the room.

Walls were selected a&. NR O I ,thedippatBlghs&adMetal Deck > | YR (G KS Cf 2:
1SLIW Fa o/ 2y ORS aldftiein & was seléctefl therndag properties from the

Reuvit library, as follows:

Table4. Thermal properties for Basic Building model with three different materials

Family Type Walls Top Floor Bottom Floor
Thickness 0.2m 0.3m 0.3m
Material Brick, Commor Metal deck Concrete, Cast In Sil
Thermal ConductivityfW/(m*K)] 0.54 45.0 1.046
Specific HeafJ/(g*°C)] 0.84 0.48 0.6570
Density[kg/m3] 1550 7850 2300

Whenimporting to BIM Vision and Pyrosiihwas possible to identify differences between
elements by thecolourthey had assigned. Thislourcorrespondgto the oneselected in the
Graphicstap in the Materialsorowserin Revit. Having a particulaolour assigned to each
material gives detter understanding of the model when it is imported into Pyrosim since the
software creates a surface for each material narimethis casedd NA O1 =X / 2YY2Yy € X
5S5S01¢ FyR G/ 2y OhsgeoRetry dadibe seenfiigufei3il dzé

As in the previous model explaing®k S & ! yIF f @ GAOF f LINPLISNIASaé | N
explored in BIM vision or redad Notepad ++. Each element has thermal properties whieh ar

relevant for a firesimulation butare not imported into PyrositAfter consultinga developer

of Pyrosimhe confirmed that at this time, Pyrosimoesnot import information regarding

material properties from Revit.

ThislFC file containthe nextproperties

Table5. Thermal propertiesn the IFC filéor Basic Building model

Family Type Walls  Top Floor Bottom Floor
Heat Transfer Coefficient (UW/(m2*K)] 2.7 150 3.486667
Thermal mas$J/(m#*K)] 260400 1130400 453330
Thermal Resistance (RmMz*K)]/W] 0.37037 0.006667 0.286807
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Revit BIM Vision Pyrosim

Figurel3. Basic Building model with three different materials.

This test showed that having particularcolour assigned to each materiglives a better
understanding of the model when it is impod@to Pyrosim The developeof Pyrasimthat
was consultesstated thatthe different coloursin the objectscould be usel for selectingtems

by right-clickng on an object and then selaog all objects with the sameolourby clicking
oselect bycoloug &

Multilayer materials:
Thethird change in materialmtroducedin the modelwere mnultilayer walls selected for the

ISO roomRevit includs some builtin multilayer materials, from whickCW10250-100¢
was selectedlts appearance anthyer thicknesses are shownhigurel4.

Exterior Side |

/////////////%4— Brick, Common (0.102 m)

mmm EEEEEEEEEEEEE Cavity Fill (0.050 m)
«——— Concrete Masonry Units (0.10 m)
< Gypsum Wall Board (0.012)

| Interior Side |

Figurel4. Multilayer material.

-

Revit automatically calculated tie! y'I £ @ G A O f t NP LI&shEnBhGang theF 2 NJ K
next results:

Heat Transfer Coefficient (U=8723 [W/(m2*K)]

Thermal mass 28.78 [kJ/K]
Thermal Resistance (R1A263 [(M2*K)]/W]
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Whenopening the IFC file BBIM Visionit was possible to identify that contairsthe Thermal
properties of the multilayer wall a& whole, in the same way #&swvas shown in Revit. It also
identifies the names of eadayer and its thickness, but notgaratedmaterial properties for
them. Additionally, thecolourat the surface that is showin BIM Visions the onein the core
layer, in this casghe one fa the Concrete Masonry Units, as presentedrigurel5.

Revit (section) BIM Vision Pyrosim

Figurelb. Basic Building model withultilayermaterial.

The IFC file in Pyrosim shows differentoursthan in BIM Vision. This program detetitg
material in the exterior sidecreates a surface based on its name and assigosldsrto the
entire element. h Pyrosim, it is not possible to distinguibketween elements made by
multilayermateriak andthose with one layersince other layerdehind the exernal oneare
neglected.This is a important issue that wasonsideredvhen coding the Scripting tool

The thickness of the objects is kept as the total thickness of the |ajftexgether (0.264 m for
the walls).

Multi-regionmaterials

The last test made with the materials of the BIM model watudingMulti-regionwalls this
refers to the optionin Revit tomodify the vertical structure of a layeas shown irFigurel6.

The exterior side of the walWas divided ito two regions Ontop of thewalls it was selected
oSoftwood Lumbeg and on thebottom, it was selectedBrik, Commois. Both materials
share the sam&ayer and the samthicknesq0.102 m)and were part of a multilayrematerial.
Other materials in the wall were set astire Multilayer case.
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Revit BIM Vision Pyrosim (One portion of
wall selected)

Figurel6. Basic Building model witiulti-regionwalls.

Revit recalculated # thermal values for the new configuration, giving the nesdults:

Heat Transfer Coefficient (U) 5009[W/(mz*K)]
Thermal mass =267 [kJ/K]
Thermal Resistance (R) 9963[(m?*K)]/W]

The IFC file in BIM Vision showed similar characteristics to the one for the multilayer wall,
regarding the appearancéCobur from the material in the core layer), but the surface in
Pyrosim had theolour from the Softwood, Lumber, who appedisst in the outer layer in

the material layer assemblyhenreadingthe IFC file in Nepad++ it is the first material
written in the code, and as a result, Pyrosineates a urgue surface with this name.

As anadditionaltrial, it was included an intermediate levexactly in the interface between

the Softwood and the BrickVhen exporting the IFC filedm Revitin the Export IFC togpit

was selected an additional checkb@dx LJt A G 2 | £ f &> / 2Withethig & &as 5 dzO( &
expected to have a different resutir each portion othe wall, either in theappearanceor in

the thermal properties. Although BIM Vision and Pyrosim detected separated avaéiach

side of the leve(seethe third image inFigurel6), it made no difference in theiproperties

Type of opening

Revit offers different ways fareating anopeninginawali SA G KSNJ 6 & irtthed 2 | f f
Gaz2RATE 2| d&délirg adddr familawNd justéncludes the opening itself, such as the
family calledd a P 5 -8 2ISJ Arofrdtie Revit library Both result inthe same graphical
representation put unlike the Wall Openinghe door family allows the creation oféa{ LJ- OS ¢

in the building Being ableto establish thisSaceis a step in selecting"? Level Space
boundarieswhen exporting the IFC file.
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In the Tworoom building,four kinds of openings were setopen dor family (M_Door
Opening) closed door family (M_Singk-lush), open windowfamily WindowSquare
Opening) and a closedindow family (Windows_SCO_Horz_Bar .Sdi)s configuration can
be seen irFigurel?.

Open window

Open door
Closed window

Closeddoor

Figurel7. Tworoom building. HalTransparent view.

In the cases withclosed doors and windowshe appropriate thermal properties were
selected in the materials thafiorm the family. However, this type of familie®es not
calculate the same AnalyticBtoperties as for Walls and Sk&loors inclue Heat Tranfer
Coefficient (U) and Thermal Resistan(R), but no the Thermal ma@sutodesk Inc., 2019¢)
which is essential focalculating Specifieleat. In the case afindows Revit assigns just a
Heat Transfer Coefficient (((3utodesk Inc., 2019mYhese values, are set in Raaither by
Conceptuallypes or Schematic TypeSdesection:Material properties in Revit anidFQ since
the complexity of the elements and materials that can forragéfamilies makes it difficult
to calculate properties tm the DetailedHements option.

Thus, when this model is exported into IRt the mentioned properties are written in the
file. As a result, it is not possible to includesgh propertiesin the translation tool and
therefore, no further information is included in the FDS file regagdnaterials properties of
doors and windows.

The door and window openings are useful when it is required an open inlet or adithet
and gases in the fire simulatiofizventhough sometimesthese openings might create
unexpectedgapsin the wall (astiis explainedn section:IFCformat, version and ad@ y)Q a
the right selection othe IFC version overcomes this problem.

IFCformat, version and ade2 Yy Q a

Autodesk Reviincludes a Buiin tool for exporting BIM files in the IF@mat which is found
in the & 9 E Edspiiafi inside thed C A f S £TheYefpyrdiool in Autodesk Revit PDis the
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OF t £t SR @9 E LD Bt arevf tetd @rdiondrC nkD 2.0 Beta (Autodesk Inc.,
2019i) was used during tisresearch.

The Export IFC tool allovike selection of the IFC version, File type, Space boundaries
Property sets, among other options according to the user ne#dmcludes a series of
predefined configurationsaccording tothe availablelFC versions by BuildingSMAR&e
section: IFC Model View Definitioh and other organisatiors which require specific
information for sharing BIMmodelsin the IFC fildormat described in the Help platform of
Revit 2019Autodesk Inc., 2019@s follows:

1 IFC 2x3 GSA Concept Design BIM 2@ @ariant of the standard IFC 2x3 used for
submitting files to the US Government Services Administration. Additional property
setsareincluded.

1 IFC 2x2 Singapore BE&Alan CheckA certified variant of IFC 2x2 used for submitting
files to the Singapore BCARtan Check Server.

1 IFC2x3 Basic FM Handover Vied:variant of IFC 2x3 that follows the general
requirements to enable the handover of facility management infation, used
primarily in Bavaria.

1 IFC2x3 COBie 2.4 Design Deliverable Vi#C COBie (Construction Operations
Building Information Exchange) format required by the UK government's BIM
mandate for collaboration on pubhgector work.

Additionally, thebetareleaseof the Export IFC tool (IFC v19.2.0 Beta 4), incladestralFC
version callediFC4 for General Used

In this phasethe ISGroom model was exported into the IFC format by selecting different
settings in the Export tooin Revitin order toverify how it changed theontent of the BIM
model and how it was read in Pyrosiifthe followingversionswere tested, giving similar
results:

IFC 2x3 Coordination View 2.0
IFC2x3 Basic FM Handover View
IFC4 Design Transfer View

IFC4 General Use

= =4 -4

The above mentioned IFC versi@ngavea good transfer of geometric data from the BIM
model toPyrosim andvere readibleby BIM Visia. They gave resultike the onesdescribed

ind KS a Maxerial®, yhoraispecifically, in the way how the surfaces created in Pyrosim
were named after the outer material layelEven though there was nwoticeabledifference
between them, the IFC4 Design TremsView was mainly usedecauseit is intended for
transferring informatiorfrom a BIM model to any other design or simulation software.
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Unlikeother IFC version$FC4 Reference Vieyave a different input into Pyrosim since the

names of the surfaces eated in Pyrosim correspond to the type of elements in the BIM

model. For exampldpr a model of the 1IS@om, Pyrosim assignetivo randomcoloursto

the surfaces, one for the slab&gy) and another for the walls (Beige), and gave them the

names ofifcSlaband lfcWallinstead of the materiahamein the objecs> Ay (Mefad O a S
Deckkz &/ 2y ONB { $ 3 Bidd Ldmmoah D

A drawback was found when selecting IFC4 Refereresg, 8ince thedoor opening created
gapsin the wallat the frame of the doqgras it can be seen Figurel8.

IfcSlab
(Grey)

Ifcwall
(Beige)

Gap

Revit Pyrosim

Figurel8. Basic Building model exported as IFC4 Reference View

This resuligoes in accordanceith the purposeof the Reference View IR@rsionsinceit is
mainly intended for visual checking herefore, it isnot an appropriate version to be
considered when a Fire simulation is requirddlditionally, since the &ipting Tool of this
research relies on the surfaces created in Pyrosim fronmtagerialnamesin the BIM model,
it isunfeasiblethe use ofan IFCReference Vieormat in the tool.

Add2 y Q4

Someadditional optionsare essential for getting thermal properties in the IFC:file9 E LJ2 NJi
Revit property setsl YR &G 9 ELIR2 NI L C/ QaWenaly firskiheBtibdSdNI & &
checkbox is selected intf @ ELI2 NIi LC/ (22t Al AyAkgsasSa oK
LINE LIS NI A S Redit eferhatainto (i §-C filelf this setting is not selected before
exporting the IFC file iRevit, no information regardinghermal nassandThermal Resistance

(R)is written, except forHeat Transfer Coefficiemthichcan be found in the IFC file labelled

Fd GCKSNXYIE .GNXYYyaYAGUGlI yOSé

S
S

Anotheradd-on is 29 Level Space boundarieshich was explained ichapter2.2. Autodesk
Revit developers suggested this settingrder togeta bettergeometry exporsuitedfor the

43



activitiesof this project. It is needethat each roomm the buildinghast & { LI OS¢ Ay

and then it should besdected the Space Boundaries t®nd Levelin the options for IFC
Export

Finally, a lasteature of the IFC Export toolwastested OF f t SR G9ELIZ NI 2yt &

@A S this is a useful option whicfacilitates the selection of the desired content to be
exported into the IFC fildzor example, if a Section box is created in the tkaeeensional
view in Revitjt will be exported just the geometry inside the ba@Xso,if specific elements
are hidden in the view, they will not be included in the IFC Tiles can be used as a way of
filtering information from objects which are not relevant for a fire simulation, without
affecting theoriginalBIMmodel, its quantities, settings or planes.

IFCXML

Even though that Pyrosim shows IFC and IFCXMdbrraats that can be imported in the

software, the IFCXML format was not supported when a test was done in this IFC type.

Pyrosim gives the nexterrormesge:d / | dzZa SY Lh9EOSLIiA2yY CAft S
However,when thelFCXML file was reimported into a new Revit projecthowed that the
geometricdatawas realable from the file In the other hand, neither BIM Vision nDDS

CAD were able topenthe IFCXMifile.

Revit also offershe option toexportZipped IFC and Zipped IFCXML files, but these were not
tested since theylo not appear asuitable formasin Pyrosim.
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5 Scriped enhancement to FDS datrom IFC)

Pyrosimshowed to be dandysoftware for creatinghree-dimensional geometesfrom BIM
modelsusinglFC filesHowever semantic information from the material properties contained
in the IFCfile isnot recognsed byPyrosimyet. In this researchit is proposed a scripting tool
for enhancingFDSfiles exported from Pyrosim by including values oHeat Transfer
Qoefficient, Thermal Mass andDensity of the material layers that form elementsarBIM
model

The scripted enhancement to FDS data proposed in this study is maaesdptingtool,
which reads the informationrém an IFC filan searchof values oHea Transfer Coefficient
and Thermal mas§hese values are ugdy the toolfor the calculation oSpecific Heat and
Thermal conductivity, which are #eritten in the FDS format and inserted in the appropriate
lines in & FDS filobtained from Pyrosim.

Python was usedor writing this scripting tool It a programming languageeleased in 1991

by Guido Van Rossum. This software is recognized by its open source license and easy to learn
structure. It is currently administered by the Python Software Foundgfython Software
Foundation, 2019) Additionaly, PyCharm was used as an integrated development
environment (IDE) for Python. It offers assistance while writing lines of code by flying errors,
suggesting quick fixes and facilitagithe navigation throug projects(JetBrains s.r.o., 2019)

Input

In order to ceate an enhancedrDSfile, it is required to havewo input files. an IFC file
exported according to theppropriateparametric definitionsasdiscussedn chapter4; and
an FDS file exported frofyrosimafter setting up all thescenario conditionsuch as fire size
fire reaction, mesh sizepen boundariessimulation timeand othersas it is further exjained
in chapter6.

It is required to create a duplicated of names in Revit before using the scripting tool. This is
to avoid thesituationin Pyrosim where materia with different thicknesssreceive the same
surface nameA similar situation occurs witinaterialassemblies withite same outer layer

but differentcore and internalayers since Pyrosim assigns the name of the outer material to
all of them

Pre-define density values in the tool

Since densitywalues arenot included in he property sets of IFC fildgsom Revit, it was
necessary tacreate a listin the Scripting Toodf pre-defined values of density for several
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materials Thelibrary of physial assets in Revitas usedas a reference for the Material
namesand density valuethat might be used im BIM model

The toolcansearch for the material names contained in the IFC Fl¢his name coincides
total or partiallywith any of those inle predefined list in the toola function willreturn the
corresponding value of densitif amatchis not found, the function automaticalkgturns a
default value of 200 kg/@aNeverthelessthe user idreeto edit the code anéppendmaterial
namesand density valueaccording to his needs

Process section

The main tasks of the tool are focusedfording material names and values for Heat Transfer
Coefficient and Thermal Mass bgarching for entities and relationshigggough thelines in
the IFC file. It was explained in chapteP that these values are defined just fepecific
element typedn Revit Roofs, Ceilings, Floors, Walls, Founda8tabs, Structural Floors and
Structural Walls

The standard mapping of IFC filesavit establisfesa connection between a Revit Category
and a IFC Class Nanmvenby the setting selectedA y G KS & LinSideth@Elé&EA 2 v a ¢
menu in Revit.Ths correspondence shown inTable6.

Table6. Correspondendegetween Revit Category and #C Class Name
RevitCategory  IFCClass Name

Wall Ifcwall
Structural Wall  IfcWall
Floor IfcSlab

Structural Floor IfcSlab
Foundation Slab: IfcSlab
Ceiling IfcCovering
Roof IfcRoof

Thus, just four IFC Classes searched by the toolfcWall IfcSlab IfcCoveringand IfcRoof

For each one of them, it was analysed the inheritance hierarchy structure in order to find
values of Heat Transfer Coefficient, Thermal Mass, material layer thickness and material layer
name, for every entity type in the moddtigurel9 shows this structure folfcWallTypeand
IfcSlabType
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IfcWallType or IfcSlabType

IfcPropertySet (Analytical
Properties)

IfcRelAssociatesMaterial

| IfcMaterialLayerSet

IfcPropertySingleValue
(Heat Transfer Coefficient,

Thermal Mass) IfcMaterialLayer

LayerThickness (attribute) IfcMaterial (Name)

Figurel9. IfcWallType and IfcSlabType structfokowed

For ceilings the structure includes additional relationships, that shouldftiéowed to find
the required information, as it is presented kingure20.

IfcCovering
|
| |
IfcRelDefineByType IfcRelAssociatesMaterial
IfcCoveringType
IfcMaterialLayerSetUsage
IfcPropertySet (Analytical
Properties) IfcMaterialLayerSet
IfcMaterialLayer
IfcPropertySingleValue |
(Heat Transfer Coefficient, | |
Thermal Mass) LayerThickness (attribute) IfcMaterial (Name)

Figure20. IfcCovering structurlllowed

In the case of roofs, IFC introduces a method for representing general spatial zones taking
into account functional consideration3hisrelationshipis IfcRelAgregateand linkslfcRoof
with IfcSlab. The IFC structure follomadhis casas shown irFigure21.
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IfcRoof

IfcRelDefineByProperty IfcRelAggregates
IfcPropertySet (Analytical IfcSlab
Properties)

IfcRelAssociatesMaterial
IfcPropertySingleValue
(Heat Transfer Coefficient,

B EEES) IfcMaterialLayerSet

IfcMaterialLayer

LayerThickness (attribute) IfcMaterial (Name)

Figure21l. IfcRoof structuréollowed

The tool is also able to handases where entity types are supposed to have thermal
properties but this information was not included in the Thermal asset in the Revit file. When
the tool finds tha an entity does not contaifcPropertySingleValiga He& Ndansfer
Coefficientor Thermal Masgt neglectsthe information from this element and the materials
attached to it. Thereforejust those elements that contain all the required information are
further processed and included in the enhanced IFC file.

It was idetified during the evaluation of parametric definitions that Pyrogiletects the

name of thematerial in the exterior sidef amultilayer element, and from thjst creates a

surfacethat matches the same namelence, the scripting tool associates tHeat Transfer

Coefficientand Thermal Massalues to the firstfcMaterialLayesmvritten in the IFC file, which
corresponds to thene in the external face.

Calculations

Considering that an element type can be related just to one value per prqpkegcrpting

tool does additional calculations for thogéements formby multilayer materials. It sums up
the thicknesses of all thEcMaterialLayef that form an element typein order to getone

total thickness vala. Additionally, the tool find a weighted density according to the
thicknesses of the material layers that are part of the element for getting a representative
value per element type.

48



Subsequently,he tool calculated hermalConductivityand Specific Heat for eagiement
type basedon the datafound in thelFC fileand the pre-defined density values the tool
The tool performs theollowing calculationgrom the equations presented in chapt8r4:

N 7w oA ryr T N wi Y NNy T T~ ) r7r
YDi & & Q0 wo NwdDw MQw Q¢ ?4_':

s T s DI adbai i E *
YN Qo WEBOR——— o . T
0Q¢ i OEDO QL Qp M2+

Output

In this section, the scripting toalentifies the REAMReaction) and SURF (Surfdo®s in the
FDS fileghat was read in the input section. Between these lines, it is inserted the information
related to the materiad that were identified during the process section. An example of the
insertedMATL line is presented next:

&MATL ID='Concrete, Cast In Situ’,
SPECIFIC_HEAT=0.65,
CONDUCTIVITY=1.046,
DENSITY=2300.0 /

The SURF lines are already written in the FDS file exporteddyonsim butequire a link to
the information regarding the material properties, bging MATL_IDAdditionally, it should

be written the total thickness of thelement(s) in connection witthe surface. An example
of a SUREF line is presented next, where the appended lines are highlighted in blue colour.

&SURF ID="Aluminum’,
BACKING='VOID',
MATL_ID(1,2)='"Aluminum’,
MATL_MASS FRACTION(1,1)=1.0,
THICKNESS(1)=0.0572,
COLOR='GRAY 97/

One minor change is introduced in tht&EAD CHIDne to match the names with the new
enhanced FDS file. Finally, the tool creates a new directory that contains the enhanced FDS
file and gives a notification in case the tool is mimen an output directory has been created
already.

WinMerge was usedsaa way foquicly verifying the changes introdudén the FDS fildt is
an open source differencing and merging t@@Fmm et al., 2014)r'his software compares
maximum of three text files and highlights the differences between thigigure22 shows a

"¢CKAA O ftdzS g+ a AyOftdzRSR F2N) 3Sky3d OzyaradaSyd dzy
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comparisonmade in WinMergebetween an original FDS filgeft) and an FDS file with
enhanced datdright). At the left sidgit is possible to see a Location Pane which schematically
represents the two filesThe yellow coloumeansa differencein the text in both files, and

the grey colour means that in those spacesatsintroduced new content.The Location Pane
also shows the portion of text #t is displayed at the momenfhe figure shows new MATL
lines on top and appendeattributesinside the SURIne.

Location Pane X D\ Python_thesis\IFC_FDS_Tool\IFC_FDS_Tool w20 iso_room_v13\Iso_room v13.fds D:..is\IFC_FDS_Tool\IFC_FDS Tool v20_iso_room_v13\fds_new:_file\fds_new file.fds

&MATL ID='Concrete, Cast In Situ(l)',
SPECIFIC HEAT=0.657,
CONDUCTIVITY=1.046000000000001,
DENSITY=2300.0,

EMISSIVITY=0.95/

&MATL ID='Brick, Common',
SPECIFIC_HEAT=0.84,
CONDUCTIVITY=0.54,
DENSITY=1550.0,
EMISSIVITY=0.95/

&SURF ID='Concrete, Cast In Situ(l)', &SURF ID='Concrete, Cast In Situ(l)',
BACKING="VOID"',
MATIL, ID(1,1)='Concrete, Cast In Situ(l)’',
MATL_MASS_FRACTION(1,1)=1.0,
THICKNESS (1)=0.3,

COLOR="'SILVER'/ COLOR='"SILVER'/

&SURF ID='Brick, Common', &SURF ID='Brick, Common',
BACKING='VOID',
MATL ID(1,1)="Brick, Common',
MATL MASS_FRACTION(1,1)=1.0,
THICKNESS (1)=0.1,

RGB=170,100,105/ RGB=170,100,105/
&SURF ID='Concrete, Cast In Situ', &SURF ID='Concrete, Cast In Situ',
< > || ¢ >
Ln: 1 Col: 1/17 Ch: 1/17 1252(windows-1252) Win RO Ln: 1 Col: 1/17 Ch: 1/17 1252(windows-1252) Win RO

Figure22. Comparison in WinMerge between an original FDS file afD& file with enhanced data
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6 Implementation of strategies fosimulation of fires in enclosures

In this chapterit is explained the overall process appliedthe three building model$or

exporting information from BIM files anaerforming simulations of fire eventh.focuseson

the settings and tools used fariting an FDS file based geometrical and thermal datiaom

BIM modelsAll this is performedisingAutodesk Revit, Pyrosim artlde Scripting ToolThe
completion of the workflow is demonstrated by thesults obtained from the simulatien
performed in FDS.

The general workflow implemented for all the models is showRigure23. First Autodesk
Revitwas usedor creating the geometry and assigning appropriate semantic data according
to the BIM Usespecified for the projec{(forecast,generate and transform)Since a fire
simulation is to be performedthermal pioperties of the materials should be included
beforehandin the BIM model, from this, it is exported an IFC féelecting the appropriate
version The IFC file is imported into Pyrosim, whathates solids with the information read
from the .ifc file. It assigns a surface t@@h solid name after the first material layer. In
Pyrosim it should beshapeal the fire scenario by selecting an appropridiee size, fire
location,fire reaction meshdomain,meshceltsize,contourplanes andany other additional
elements or features required for assessing the fire developniemen, from Pyrosim a .fds
file is exported.

BIM Model Pyrosim

Scripting Tool

.smv, .out,
.CSV

Figure23. General Workflow implemented

Since the information regarding the thermal properties of the materials is contained already
in the BIM model, and as a result in the IFC file, it is not necessary tdimpdata in Pyrosim.
Instead, the Scripting Tool proposed in this study reads the information from the IFC file and
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enhances the data contained in the .fds file exported from Pyrosim. This is done by searching
through the IFC structure into those elentdypes that contain Heat Transfer Coefficient and
Thermal Mass values, which are required by FDS if assessing the heat transfer through the
boundaries is wanted.

Hre simulations were performed in the three building modelowingstandardpractices ér
the use of FD]yetting results in the way of temperature, velocity and visibility sliEeesthe
Health Centerit was used thecomputational resourcesf Auroraoffered by IUNARCthe
center for scientific and technical computing at Lund University.

Later in this chapterit is explained more in detailow the implementation of thisstrategy
was approached for the threluilding models and the resultshbtained from the simulation
of fire events.

Mesh size considerations

Apart from thegeometry andnput parameters, the computational conditiorsuch asnesh
size haveprofound effects on the simulation result&lthough in this study it is not intended
to obtain precise results from the FDS simulasipappropriate basicparameters wee
consideredfor assessing ra acceptablemesh sizewithout performing a mesh sensitivity
analysisA finer mesthis to be applied to the areas of interests, suchiesfire location while
the interconnecting meshesvere bridged correctly toyield reasonable results while
complying to the various grid size requirements imposed by FDS.

I O0O2NRAY3I G2 ( KRGratan{et atlz2® bib& budatmipRiGes, the non
dimensional relationship*/dx is a measure of how well the flow field is resolveddgiven

mesh size and is a good indication for calculating cell sizes. The characteristic fire diameter D*
wascalculated using th&llowingequation

o — =

Where,

D*: Characteristidire diameter

Q:Heat Release Rate

"k Ambient density = 1.2 kg/m3

cp: Heat capacity coefficient 1.0 kJ/kg K
¢ K Ambient temperature = 20°C = 298 K
g: Gravity = 9.81 m/s2

Then,D*/dx was calculateavith the appropriatedcell sizg, getting the results shown ifable
7. In the cases of the TwBoom model and the Health Center, a finer mesh was selected for
the mesh in the fire location and a lessd mesh for the surrounding#ll the cases of this
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study complied withthe suggested interval 43*/dx<16for the relationshipD*/dx, according
G2 GKS C5{ dzaSNQNa 3JdzARS®

Table?. Cell sizeselected for the building modedsidtheir 5 F k valites
Building Hed Release Rate + E 5 F K

ISGRoom 100 kW 0.05m 7.66
0.1lm 7.29
Two-Room 500 kW 005m 1458
0.2m 4381

Health Center 1000 kW 01lm 962

Additionally,it was taken into account thadn important part of the FDS calculation uses a
t2Aaa2y az2f @SNJ 6FaSR 2y Clad C2dz2NASNI ¢NIFyatF
means that the second and third dimensions of the mesh should each be of the form

where |, m and n are iegers.

Performance criteria

Performance criteria are threshadthat indicate when unacceptable conditions are reached.
During fre safety assessmesit is often evaluated the time that it takes to reach those
untenable conditionsn order to ensure the life safety of occupants of a building in case of
fire. The performance criteria evaluated in this study should be understood as an example
that these simulationdrom FDS can be interpreted in a Life Safety context, but not as
conclusive fire performance resulfigr the buildings analysed.

Thermal injuries might occum people immersed in a heated atmosphere. When someone is
exposed to hot gassethe primary haardtolerance is limited by hyperthermiayhere the
thresholds are pproximatelyl20°C for dry air or 8% forhumidair. Above this temperature

pain followedby burns become importanConductiorfrom heatedbodiesat 66°Ccausepain
after 1 s and bursafter 10 s, while at 8 painoccurs at 100 ms and bwafter 1 s contact
(Purser & McAllister2016) Taking into account the skin burn threshold,’60s considered

as performance criteria for this study.

Severalstudies have beemerformedto assesghe influence ofvisibility reduction in the
egress of occupants of a building fire. Visilility can have an impact in theovement of
people through an egressroute, their speedand their wayfinding abilities. Some studies
suggest a minimum visibility distance e53n for people whare familiar with the building
and 1520 m for people unfamiar with the building Others suggestminimum visibility
distances o0 m (Hurley & Rosenbaum, 201 Bging this lasthreshold one of the most usk
performance criteria in the Fire Safety fieldd the one selected for this study.

53



6.1 Implementation of strategiesin the Basic Building Model
Geometryand setup in Autodesk Revit

The three-dimensional model usetbr this analysis is based on tld@nensions of thdSQ
room presented in chapte#.l Alternative parametric definitionsvere setin this modelffor
the evaluations made inchapter 4.2, but the specific characteristics used for the
implementation of strategies for the simulation of a fire event are descrihddgure24.

Floor ———»
Concrete, CastIn S
(0.2 m)

Wall Open doo
Brick, Common
(0.2 m)
< Flool
Concrete, CastIn S
(0.3m

Figure24. Basic Building Model

In order to facilitate the imporbf the modelin Pyrosim, it was selectetie corner of the
building aghe originof the coordinates systerhy moving theSurvey Poinh Revit as shown
in Figure25 (left). Thus,the origin of the coordinates system Pyrosimcoincideswith the
selected poinin Revit making easier the location of a rectangular mesh

Afterwards,aSpaceavas set irthe buildingby using the toolAnalyzéSpaces &onesHSpace
in Revit.This tool identifies when the configuration of walls and dooenidosinga space, as
presented inFigure25 (right). This step is required in order &nable the 2nd Level space
boundaries
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™
U - aass
P it L ——
Survey Point Space
Figure25. Selected Survey Point (left) and Spdeatified (right) for the Basic Building
IFC settings

For this step it should be firstexplored the IFQptions in Revit. Tése arefound in
FildExporfOptiond HFC optionsThere it ispossibleto select a IFC Class Name for every

Revit Categonyut this is not recommended for this case sirthe Scripting tool is working
withastandardy | LILJAY 3 2F GKS LC/ FA{SP ¢KSyriti KS 0 dz
should be verified that at leagtis kept the correspondendsetween IFC Class Nagfer the

Revit categories as it was shownTiable6.

Later, the IFC Export tool in Re(fild HexporfhL Cwas used according to the findings in
chapter4.2 (IFCformat, version and ad@ Y)(I&e followingsettings were chosefor all the
cases in this study:

Fie type: IFC

IFC version: IFC4 Design Transfer View
Space boundaries™?Level

v Export Revit property sets

v Export IFC common property sets

After exporting the IFC file, it is possible to expliiresing Notepad ++ for reading thiext

content orby BIM Vision fowvisualsing the model and interpreting the properties attached
to it. Figure 26 presents an extract frm the IFC text whichcomprises the
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IfcPropertySingleVal@e@r a wall selected in the modeAdditionally,the three-dimensional
3S2YSOUNE YR GKS a!ylIrfedAOlrf tNRBLISNIASEE

#545= IFCPROPERTYSINGLEVALUE(Absafpta@REAL(0.7),$);

#546= IFCPROPERTYSINGLEVALUE('Heat Transfer Coefficient (U)',$,IFCREAL(5.4),$);
#547= IFCPROPERTYSINGLEVALUE('Roughness',$,IFCINTEGER(3),$);

#548= IFCPROPERTYSINGLEVALUE('Thermal mass',$,IFCREAL(130200.),$);
#549=IFCPROPERTYSINGLEVALUE('Thermal Resistance (R)',$,IFCREAL(0.185185185

Name Value

- Analytical Properties(Type)

Absorptance 0.7

Heat Transfer 5.4

Coeffident (U)

Roughness 3

Thermal mass 130 200

Thermal Resistance (R) 0.185185

Figure26. Analytical Propertiesf a wall in the Basic Building Model

Pyrosim Settings

Here the IFC file is imported by the tool Filgnport FDS/CAD fil@his software automatically
detectsthe length units of the IFC file (meters in this cad&).other setting was changdor

this step dthough this import toolallows changesegarding lightingpbject grouping or
location in the Z axisSince the origin of the coordinates system was selected previously in
Revit, Pyrosinpositionedthe (0, 0, 0) coordinateat the corner of the building.

Most of the configurations related tahe fire scenariowere set in PyrosimThe reaction
consistedof Poly(methyl methacrylatePMMAwhoseparameterswere setfrom the library
in Pyrosim, whictare based on he SFE Handbook, 3 Edition. The following are itsnain
characteristics

ID: PMMA Oxygen atoms0.4 Soot Yield0.022
Carbon atoms1.0 Nitrogen atoms:0.0
Hydrogen atoms1.6 QOYield 0.01

I &adzNF I OS 27F (i kreated orddfining thedfineJgiSeitl a Héak Release Rate
PerUnit Area (HRRPUA) equalitdO0 kW/n#. This surface was assigned t¥@nt component
with an area oD.1 n? (0.5 m x 0.2 mwhich gave a Heat Release Rate equal to 100Tk\s.
HRR is constant over the entire simulation, and no RAMHAniraslucedon it. The vent was
located over an obstruction with the same area and 10 cm lugated in the back corner of
the room, asshown inFigure27 (left).
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Fire Source

3D View

Plan View

Figure27. Plan and 3D view of the Basic Building model in Pyrosim

A mesh was drawto fit the geometry of theroom andwas extended outside af to allow

better visibility of the smoke behaviour when leaving the rodrhis mesh has 52 cdiVisions

in the Xdirection, 96divisionsin the Ydirection ands8divisionsin the Zdirection. All of them

with the same cell size equal to 0.05 giving a total of 289,536 cells in the mekitan be

noted that theYandZdirections contain a number of cells that canbé OG 2 NS R R2 4y
0Qa I,yfdquirqu @éithe Poisson solvelas explained beforeSubsequentlyall the
boundaries were open.

In order to understand the behaviour of the fire by the measurement of different vasable
2D slices wereonfiguredto show temperature, velocity and visibility contousdditionally,
a 2all Temperaturet was included in the output as a boundary quantity

The simulation time was setsé800 £conds which was found to be enough for achieving
critical conditionsFinally, a .fds file was exported

Scripting tool

When the .ifc and .fds files were ready, the Scripting tool was usedad the contents in
both files and looks thraghouttheir structures to match the names of the materiaisthe
IFCwhich havethermal properties on it.

The Basic Building model &® not haveCeilings, one of th&evitelement typesthat might
containHeat Transfer Coefficient or Thermal Mass values @ftier doing some teston this
model, the tool wasconfigured in suchaway that it canhandle cassewhenanyspecifictype
of element is notpart of the project.
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For running the Scripting togt is required tolocate the two files (.ifc and .fds) in the same
folder as the tool. The name of these files should be chdmgéhe Input section of the tool.
Subsequentlya name should be selected for the output directory &fdS fileRunning the
tool for the Basic Building model takes few secomois returns a .fds file with the information
set in Pyrosimincludingthe material properties (MATL lineand their attachmet to the
surfaces (SURF lines).

Running theFDSsimulation

The simulation was run using conventional procedures for runkDfiles. In this casgthe
Command Prompt diVindows was usedA regular laptp was employed in this study with a
processor Irel Core i7¢ 8550U CPU @ 1.8(H&1.99 GBiz and a installed memory of 8 GB
The Basic Building FDS filed justone mesh so it was usedone MPI process antbur
OpenMPthreads(see FDS User Guide for more detdis)using themost of the fourcores
available in the laptopt took around15.7hours for completing the simulation.

FDSSimulationResults

Fire simulatios performed in FDS showed that material properties from the BIM model were
4dz00SaaTdzZ £ & dzad SRWall RiNferaikeSin teboubddriesofittie Bysic 2 F
Building as shown irFigure28. After 30 sthe interior side of the wallsnade by Brick,
Common, reach temperatusshigher than 20%at the corner exposed directly to the fire.

Bndry
temp
°C

203
184 l
166
148
130
m l
93.1

748

56.6

38.3

Time: 30.0 s

20.0

Figure28. Boundary temperatures in the Basic Building.

The development of gas temperatur@s the Basic Buildingras analysed by temperature
contours. Figure 29 showsthe initial time at which temperatures higher than ®Dstart
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reaching 2m height(measuredrom the floorof the room)and the time when all the area is
already under temperatures highénan 6CC at the same 2m height.

Slice

»
» °C

60.0
56.0 I
52.0

48.0

44.0

40.0
36.0

32.0

Time: 2.1 s Time: 20.1 s 20.0

Figure29. Gas Temperature in the Basic Building at 2m heiglan View

At 2 m height, the visibility conditions start dropping below 10 m at 2Affter 12.6 seconsl
after ignition, the visibility conditions are alreadyducedbelow 10m in the whole area as
shown in Figure30. This building has a reduced area of 8.64 his makes the fire to grow
fast and achieve high temperatures and low visibilitiesaifew seconds. The hot layer
stabilses at 1.4 meters after 36 and continues in siilar conditions during the remaining
time of the simulation.

e A rew VIS_C0.9H

7.00

6.00

5.00

4.00

3.00

2.00

1.00

Time: 2.1s Time: 12.6 s 0.00

Figure30. Visibility in the Basic Building at 2m heigPkan View
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6.2 Implementation of strategiesin the Tworoom Model
Geometryand setup in Autodesk Revit

The geometry of the Twooom Modelcorresponds to the one described in chapfet (Two
room Model). Doors and windows are those evaluateaiapter4.2. The materials assigned
to floors and walls are presented igure31. Materials of doors and windows aneot
specified since they are treated as Schemaiipes by Revit. This means that their thermal
properties are set fronpredefined analytic constructiorand values of Thermal Mass are not
included in the IFC file.

Floor
Concrete, CastIn S
(0.2 m)

Wall
Brick, Common

(0.1 m) Flool

ConcreteCast In Sit
(0.3 m

Figure31. Tweroom model

As in the Basic Building,Survey Point and a Space were set in the model to facilitate the
importing activities into PyrosinT.he origin of coordinate®, 0, Owaspositionedin the front
cornerof the building and two spaces were set for it. Thidllisstrated inFigure32.

240m 240m

®
0.95m
. 1
3.60m
3.60m

T T
0.80 m

|

Survey Point Spaces

Figure32. Selected Survey Point (left) and Space identified (right) forwlaoom building
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IFC settings

The same options selected for the Basic Building were applied in therdomo model for
exporting the IFC fileJust me additional outcomeshould be noted for this casehich
included element types such as windows and dodne IFCGlata of a door(asan example)
containsvaluesA y G KS a! y I f dramittidiSchematHFyipiSniiRel dut do
not haveThermal Mass defineds it isdetailed inFigure33.

#2063= IFCPROPERTYSINGLEVALUE('Analytic Construction',$,IFCTEXT('Metal’),$);
#2064= IFCPROPERTYSINGLEVALUE('Heat Transfer Coefficient (U)',$,IFCREAL(3.702
#2065= IFCPROPERTYSINGLEVALUE('Solar Heat Gain Coefficient',$,IFCREAL(0.),$);
#2066= IFCPROPEBINGLEVALUE('Thermal Resistance (R)',$,IFCREAL(0.27011696064.
#2067= IFCPROPERTYSINGLEVALUE(Visual Light Transmittance',$,IFCREAL(O0.),$);

Name Value
- Analytical Properties(Type)
Analytic Construction ~ Metal

Heat Transfer 3.7021
Coeffident (U)
Solar Heat Gain 0

Coeffident
Thermal Resistance (R) 0.270117

Visual Light 0
Transmittance

Figure33. Analytical Propertiesf a doorin the Tworoom Model

PyrosimSettings

The specific fire scenario used for the/oroom model consistedf afire bigger in size than
the one used in the Basic Buildjngut the same fuelTheHeat Release Rate Pénit Area
(HRRPUAYas keptin 1000kW/m?, but the area of theF A NB Quas cialgg i®.5 m? (1.0
m x 05 m) which gave a Heat Release Rate equa0kW. The vent was locat@dthe back
cornerof the roomwith the closed doaras shown ifrigure34 (left). This setup was intended
for observinghe influence of a fire in aadjacentroom.

Fire Source

Room 1

Plan View 3D View

Figure34. Plan and 3D view of thgasic Building model in Pyrosim
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Two meshes werdrawnin this modelto take advantage of the computational resources by
having a finer mesh in the room with the firBoth mesheswere extended outsideof the
building toallow better visibility of the smokeThre first mesh hasa total of 289,536 cells
distributed among52 cells in the X direction, 96 cells in the Y direction and 58 cells in the Z
direction, all of them with the same cell size equal to 0.05The second meshas bigger

cells of 0.10 nin a total of F440cellsdividedinto 26 cells in the X directior8cells in the Y
direction and30cells in the Z directian

Other settingsand FDSesults

Running theScripting tool and the simulationsane performed following the same setting as
in the Basic Building.he same laptopun the simulation of the Twawoom model with two
MPI processs and two OpenMP threads taking 22.3 haurs to finish the simulation
successfully

The fire simulated in the Twaom building developed highastemperatures in both rooms
which increased the temperatures in the boundar@assshown irFigure35. This fgure shows
that the corner exposed to the fire reaches temperatunggher thanl168°Cafter 90 s Trese
walls are made oBrick, Commonwhose properties are taken into account by FDS for
calculating heat transferAdditionally, boundariesin the second wom are also heated up by
the hot gasses coming through the inted open window in the building.

J

Figure35. Boundary temperatures in tiBworoom Building.

Bndry
temp
°C

168
154 I

139

+ 4

124

109

Time: 30.0 s

Temperature contours weranalysedin order to identify the time it takes to achieve
untenable conditions at 2m height in thevo rooms. After 12.6 s, auniform temperature
higher than 60C covesthe whole area as shown Figure36.
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Slice

-0.1 04 0.9 1.4 1.9 24 2.9 34 3.9 44 49

Time 12.6 s

Figure36. Gas Temperature in tHBworoomBuilding at 2m height. Plan Vigileft) and Section Y axis (left)

The visibility iseduced in both rooms of the building. After just &&conds the visibilitat 2
m heightis lower than 10n in room 1 and after 11.§8 in room 2 asshown inFigure37.

6.00

5.00

L

4.00

3.00

2.00

1.00

Time 6.3 s Time 11.7 s

0.00

Figure37. Visibility in theTworoom Building at 2m height. Plan View

It should beconsideredthat whenafire is located in a corner, the fidumeis attached to

the wall anddevelopsfour timesthe energy release rateTtese conditions lesides the
reduced area of this building (17,28 ratjow the fire togrowrapidlyand generate untenable
conditions inafew seconds

After 90 s, the conditions in the room stay constant during the remaining time of the

simulation.The hot layestabilises at1.0 m height from the floor of room 1 (left) and around
1.5 meters in room 2 (right).
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6.3 Implementation of strategiesin the Health Center

In the AEC fieldt is usual that the fire safety engineeriagalysis and desigare doneby a
third party separatedirom the architectual and structuraldesigns. Thus BIM modelmight

be share to fire safety firswwithout careful planning onthe information that hey might
require from the model in order tausenot only the geometrput also the datacontainedin

it. This Health Center model was found ago@d example taunderstandhow to deal witha
BIM modethat was not intended to besed for fire simulations With this model is it possible
to explainhow to overcomedifficultiesin transferring information from a BIM model to FDS
andthe kind of informationthat should be sein the BIM model taget thermal properties
from it.

Geometryand setup in Autodesk Revit

A modelof a Health Centewas used as a castudyto evaluate the workflowfrom getting
information froma BIM modeluntil performing a fire simulation in FDBhe geometryf such
a model wasdescribed in chapted.1 (Case studyHealth Center Model) but required
additiond settingsto be adapted toother steps in the process.

Themodelwas created in Imperial unitbut the calculations inside the Scripting tool were

set for the International System of Units (Sl). Revit all@msosingthe desired units per

disciplinein Managéht NP2 2 S Ol the pfdpértiesbshown in theCommon andEnergy
disciplineswere changd. For example, thé befficient of Heat Transfémwas chaged from

BTU per hour square foot degré@l KNBY K@ kli§id GB NI aljdzZa™MB YSGS|
action automatically recalculates the thermal propertieasnd any derived valuéor all the

materials in the project

As in the Basic Building, a specific origin for the coordinates system was selaktexdigh
this had not suchsignificantimpactlater in Pyrosimsince he irregular shapes that form the
buildingmake it difficult to assure a goadsertion point The selected origin point is shown
in red colourin Figure38.
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Figure38. Origin of coordinates anldooms in thédealth Cente Ground floor.

Forthis project it was not necessary tmanuallyselect thespacesn the building since the
model containedooms alreadydefined as presented ifrigure38. It should be clear that, in
Revit, the data contaied in Rooms is differenfrom the one in SpacedAny of them can be
selected for performing an energy analysis inAnalyzétEnergy Settind$Other
Optiond HRoom/Space DafdfExport CategoryWwhen Roomsis selected Revittransfersthe
Room object name and number to the corresponding Analytical Space mastead, vinen
Spacess chosen Revitusesthe following information: Space object name andmber,
Occupancy, Lighting, Equipment, and ZMetodesk Inc., 2019a)

Another issue that was addre=s$in this project was itgotated orientation towards the
north. In order to locate the model in an orthogonal positionn agreement withthe
coordinates system in Pyrosim, it is required to verlfgforehandif a project isrotated in
Revit This can be done in Manddg.ocatiotSite. For the Health Centehe anglefrom the
Project North to the True Ndntis 35 degrees.

The original conditions in which théealth Center model was created did not include all the
thermal properties in the materials of the elements thare addressed in this study alls,
floors, ceilings and roofsA second model was created in which the missing information was
includedto comparethe results fromFDSsimulations This comparisomwas made between

the Health Center witlpartial informationand acopy with completehermal propertiesin

the materials ofwalls, floors, ceilings and roofs.
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One key difference between the Heal@nter and the moded previously describedre its

multilayer materialsin walls, ceilings and roof#n issue with this kind of materials was
described in sectiod.2, where it was said that Pyrosim identifies the name of the material in

the external layer and assigrtke materialname to the surfaces that it createSo, for
examplethe Health Centehas the following twowall types:d OHR_BRCK-§)c ¢ a Gt { G dz
pKy £ €D YR a9f $JI0&XKMEGAEBARNA Figure40). Both materials have

Brick, Common (Red) as the one in theerior side As a result, Pyrosim assigns the same

surface name to all elements thhtive thesewo wall types, regardless of thefiérences in

the other materiak, thicknesses or thermal properties.

| Exterior Side |

_— Brick, Common(Red) (0.0921 m) Properties

<«—— Air (0.0762 m) Total thickness: 0.3556
4— Plywood, Sheathing (0.0191 m) Resistance (R): 8.5186 (m2-K)/W
l«—— Metal Stud Layer (0.1524 m) | Thermal Mass: 13.9129 kI/K

< Gypsum Wall Board (0.0159 m)

| Interior Side |

Figure39. Materials assembly fat 9 yn | w6 ewé Yaid®h { GdzZRZ pkyé D2 . ¢

| Exterior Side |

Properties:
«— Brick, Commo(Red)(0.0921m) Total thickness: 0.4064
. Resistance (R): 1.1596 (m2-K)/wW
Air (0.0191m) Thermal Mass: 52.6166 kI/K

<4

Concrete Masonry Units @@53m)

| Interior Side |

Figure40. Materials assembly fat 9 € S@F G2 NJ 2 F £ f  H ¢

In order to overcome this issue, a duplicated material vatklightly different name was

created for one wall type (or the required ones according to the number of material
assenblies in similar conditions) For this case a new material calleddBrick,
Common(Red)(2) 61 & ONBIFGSR IyR &aSt SO0SR F¥2NJ 0KS S
Subsequently, Pyrosim createso & dzZNF I OSasx 2yS yIYSR a. NAO1=zX [/
oney I YSR d. NAO| = [/ 2YY2 yldhe jSoRobtberSoriptidgod! iakitig itT I OA £ A
able to assign thpertinentthermal properties to each kind etirface for instance, a Thermal

Mass equal to 13.912%kJ/K]F2 NJ & . NA O X, and252.MB6KIKVBRNIE & . NA O]

/| 2YY2YOWSROOHVE D
Some last adjustments were requirsthce he model was created in sualway that all doors

and windowswere closel, creating arunlikely air-tight building.However, a more reétic
and critical fire scenarioanvolves some air entrainmentand smoke spreathroughout the
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building. Thenfor assessing the development of a faed smoken the building, some doors
and windows were opesd. This could be done either in Revit or in Pyrqdimt in this casge
Revit was usd.

Figure41 shows two windowsvhose family types were chand¢o an open window family
with the same size as thadjacentwindows 1.4 m x 1.5 mThesewindowswere selected

because of itslistantlocationto the fire source in the atriumAdditionally,four doors were
opered, two in the lower floor and two in thepperfloor. Later in the results from FDiBcan

be observed the influence of @sechangsin the development of the fire.

Figure41. Open windowsind doorsin the Health Cente(Section appliedt the upper flooy

IFC settings

Besides the construction geometrgther objectsmight not be of significant interesn
performing a fire simulation. Topography, trees and other site components were hidden from
the 3D view to avoid undesired information to be exported into the IFCFRigrire42 shows

a rendered picture of the site components in this project.

Figure42. Rendered 3D view of the site components of the Healthe€ project.
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Another option is to use &ection Box to crop the geometry ina 3D viewto selectthe
elements of the building that are wantdd be exported. Afteusingeither a SectiorBox or
hiding elementsA i A & & St S O (ESpart ofilyelSmefiKviitld i \Bekin the IFC
export tool, which filters the information of the hidden objects frorhe IFC file Other

settings were establishedas it was explained isection6.1.
Pyrosim Settings

Importing the IFdile into Pyrosim was don the same way as it was explained for the Basic
Building model After this processit was necessary to rotate the geometry°38 order to
make it orthogonal to the north to facilitate the alignment of the me3he reactionwas
selectedagainas PMMADut the fire scenario for this building different. The HRRPUWas
keptequal to 1@0 kW/m? but the fireareawas changed td m? (L.Om x1.0m) for getting

a Heat Release Rate equal toQDOkW.This HRR is constant over the entire simulation, and
no RAMP was introduced on Tthefire vent was locatedn the atrium at theentrance of the
building (Figure43) considering that this location might be critical due to the possibildly
smokespreadto the entire building. This scenario doesot considerany heat and smoke
control or fire suppression system

Fire Source

Figure43. Location of the fire source in the Atrium of the Health Center

The geometry of this building required the distribution of several meshdis tm adequate
domain of analysisAdditionally, in order tanaximie de use of the available computational
resources at Lund Universitygn meshes were distributednd numberedas shown irFigure
44. Meshesnumber1 and5 are locatedon the back side of the building.

Figure44. Computational meshes in Pyrosim for the Health Center
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In total 1,875,789 ceflwere required to cover the entire buildingcludingsome extensions
in front of the open windows. Meshes 6 afdare locatedn the atrium where the fire is
located. Ech oneof themrequired 534600 and 515,160 celisith a size of 0.10 m in order
to better capture the fire behaviar in the zone Other meshes were set in 0.20fior being
conservativewith the calculation time and the level afeshrefinement.

Other settings

The Scripting Tool did not need any further enhancements to process the IFC and FDS data
for the Health Centetthis procedure isimilar to the one described for the Basic Buildimg

the other handmorecapable computational resources were used for running the simulations

in FDS for the Health Center dueatargenumber of cellsised

LUNARC is theenter for scientific andtechnicalcomputingat Lund UniversityLUNARC has
several clusters, but in this case, Aurora was usqeerform the firesimulations

Aurora clusterconsists outof 50 compute nodes funded by research groups at Lund
University. Each node has two Intel Xeor2B50 v3 processorsffering 20 compute cas

per node. The nodes have 64 GB of DDR4 ram in$télldNARC, 2016Pne node was
available for performing this simulation.

When starting the simulation in FDE) MPI processsandtwo OpenMP threadsvere setto
solve the 10 meshes in which the Health Center was divillédok25.17 hoursto complete

the simulationfor the original model and 25.46 hours for the model with additional thermal
properties.

FDResults

Two simulations wergerformed for the Health Center, one for theriginal model with

incomplete information about thermal properties, and a second model wibmplete

information in the materials of wal floors, ceilings and roofg:or both cases, the fire
development was similar.

The simulation ofhe fire located in the atrium of the buildinghowsthe development of the
fire and smoke spreads it can be seen iRigure45. After ignition,the smoke plune raises
and impinges the ceilingnd generates &ot layerwhich grows with timeLater,smoke goes
through the open doopon the upper floor andyraduallyspreads along theorridor. AlImost
at the end of this corridagrthe intentionally open door allows the fire to enter in one of the
rooms and to go out of the buiing by the open windowkigure45 and Figure46 show
temperature contours bagkon amaximum percentile temperature equal to 107.
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Time 20.1 s

Time 69.9 s

Time 300.0 s

Figure45. Development of the firen the Health Center. Temperature slice86t2 m height.
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Fresh air goes into thbuilding from the open window in the ground floor and enters the
atrium by an open dooiThis fresh air tilts the fire plumand contributesto the entrainment

of oxygen in the fire. In this scenario, the movement of the fresh air avihid spread of
smokeon the ground flooiwhich is notaffected by hot gased he firebehaviour continues
stablesince time equal td40.1 dor the rest of the gnulationand is observed iRigure46.

Figure46. Temperaturdleft) and velocity contour&ight) at the atrium of the Health Center.

Even though the behaviour of the firetith models is similathere are ®me differences in
the results of Wall temperatures in the boundari€3ne clear example igerceived in the
modelwith additional propertiesvhose resultsnclude further information of temperatures
in floorsas it can be seen iRigure47. Additionally, he maximum percentile temperature
calculated for FDS rfahe original model is 70°& while for the modified model isslightly

higher,72.2C

andry
temp

70.8
65.7
60.6
55.6

50.5

Temperature
in the floor

Original model Model with additional properties

Figure47. Temperature in the boundaries for the twmdels of the Health Center at 140.1 s.



The time that it takes to achieve untenable conditions was verdigginsttemperature and
visibility slices at 2nhigh on each floor 2.4 m and 36.2 m)After 35.1 s, gases with
temperatures higher than 6C startreaching thecorridor from the atrium (which at this
height is unoccupied)ater, attime equal to 95.1 s the corridaxperiencesemperatures
higher than 60C and hot gasestart going into the room with open door and windoil of
this can be seen iRigure48.

Time 35.1 s

Time 95.1 s

Slice
[ T - T teve

20.0 24.0 28.0 320 36.0 40.0 44.0 48.0 52.0 56.0 s0.0 C

Figure48. Performance criterialemperature in the Health Centétan view
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Visibility iscompromisel after 30 s whersmokegoesfrom the atrium into the corridor. At
time 65.1 s visibility is reduddo less than 10 nin the corridor and continues decreasing.

Figure49 shows these two stages in the scenario.

Time 30.0 s

Time 65.1 s

Slice
[ I O Vs C

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.0M
Figure49. Performance criteria. Temperature in the Health CerRéan view

If thisscenario represented real conditions in the building, it would mean that occupants in
the rooms of the upper floor of the Health Center should evacuate this area before 65.1 s
(which is considesd as Available Safe Egress Tim8EA)However, it should be noted that
this scenario did not consider a growing phase of thedird its characteristics might not

represent the contents of the building.
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7 Evaluation andcconclusions

The workin this study led to several findings that should be outlined for a better
understanding a the use of BIM for the simulation of fisgn enclosures and the application
of the strategieslescribedn the previous chapters

A keyidea of the use of BIMbesidesthe three-dimensional representation of complex
buildings is the information contained in Rrogramssuch as Pyrosim seem to do good work
on taking thedatafrom a BIM model for the construction of obstructions for the analysis of
fire scenarie. The most outstandingcharacteristic of BIM is its informatiorthis is what
makes BIM a powerful tool. However, this transfer of informaticom BIM into CFD is still
limited. In this researcht was analysed different parametric definitioaad strategies t@et

the most from a BIM model in its geometiicsense, andt was proposed a Scripting Tdol
take a step further in obtainingnformation from the thermal propertiesof construction
materials.

Atypicalscenario that a Fire Safety Engineering migltoemter when receiving a BIM project
from other professionals, such a@schitects or Engineerss thatthis modeldoes not contain
further information besidesthe three-dimensional geometryThese designemnight not be
aware of the need to include further characteristics of the materials proposed for the project.
After doing this study, the authdinds a needo encourage an earlier involvement of the Fire
SafetyEngineer during thedesign ormodelling phae, so thathe BIM Useof the model is
correctly addressed anetlevant information for the Fir&afetyanalysigsintroduced in the
model. This helps ifire safety related tasksbut also sets a completkuildinginformation
model useful for constructio, maintenance and facility management.

Regarding the IFC format, it should be noted tlitatis not intended fortransferring
information about textures and render appearandmut its capabilities make it a good way

for doing an ope data exchange between BIM and CFD softwhead 2 LISy ¢  F S| { dzNB
getting information from any BIM softwarand being supported by the Scripting Tool
proposd in this study.This means thatsince IFC is not attached to be used only with
AutodeskRevi models the workflow described hereonild be applied to BIM models from
different software vendorsas long as the IFfe keeps a standard mappin@hough this

present studydid not test BIM models from othesoftware than Revit

When a IFC file ismported in Pyrosim, thisnterprets the elements of the building and
creates solid obstructissand surfacesvhichmakes iteas/ the work of creating the geometry
of a complex building for using FO¥owever, hose surfacesre named after theouter
material layerof an elementand assigned to its corresponding obstructidhis is a drawback
in the processsince itis not possiblego notice a differencebetween material assemblies
whose componentsin the core and interior layersare different and subsequently have
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different thermal propertiesSimilar happens telementtypeswith the same material but
different thicknesses

To overcome tloseinadequacies, it was necessary to duplicate the material in the first layer
of elements sharing the same material, in order to get different surface names per material
assemblyThis issudeads to duplicated names which are not gleable, for example, when
calculating construction quantitieg\though thisstrategydoes not affect theotal quantities

of materialsin a general viewmight alter the informationflow. For instance if a changes
made in the characteristics of a mater(alg. density should have been 236@/m? instead

of 2400kg/m3), it will be required to make the same change in every duplicatederial.
Therefore, this strategy should be applied just in a copy of the original BIM randedot in

a collaborativesource Additionally, useswho decide to apply this strategy should be aware
that it is not possible to consider the differences in heat losses when one side is exposed to
fire instead of the otherln the way how theScriptingTool was setit is possible to assign
thermal properties for the wholenaterial assemblpeglectingthe differences of materials in

each faceof an element.

The Sripting Tool canread and convert the information about thermal properties from an
IFC file to a FDS filewhich reduces some steps in setting the parameters of a fire scenario
BIM mode$ might containfurther information about the fire scenario, such as possiike
sourceor an appropriate size for the simulation domabut currently, these shouldbe set
beforehandin the FDS input filasingPyrosim More software development should be done
to allow information about the fire scenario to be obtained from the BIM elodnd to
achieve an even higher degree of automation for its integration with CFD.

Using the information from a BIM modfdr the simulation of fires in enclosurestould be
performed together with clear fire safety engineering conceptsand understandingthe

limitations of both, BIM and CEDhis means thathe supervision and knowledgeo a Fire
Safety Engineer is requiréor analysing theppropriateness of the BIM modgr being use

in fire simulatiors.

The followingconclusions wer made irrelationto the objectives of this studybased orthe
evaluations stated before

Identify model transfer from BIM to CFD

Building Information Modelling (BIM) facilitates the creation of complex building geometries
and couples detailed physical data with it. This information is useful for assessing a fire
scenario by Computational Fluid Dynamics. In this study, it was eedltiaat the Industry
Foundation Classes (IFC) fornsad suitable dat@xchange format to share information from

BIM to CFD softwardts vendorneutral feature allows getting information from any BIM

76



software and being supported Byrosim andhe Scriping Tool proposed in this studynlike
proprietary formats, IFGK St LJA& Ay GKS AYLX SYSy Gl dAdy 27
allowingcommunicationamongdifferent disciplines during the lifecycle of a project

Identify specific BIM data input for CFD

Fa setting up a BIM model useful for the simulation of fires in CFD, the BIM model should be
planned by specifying an appropriate BIM Use. In this case, the BIM model is figextast

the future performance of the building by a fire scenariogemerateinformation during the
design phase, and tvansformthis information into an open format such as IFC. For doing
this, the model should have the geometry of the building that represents the scenario to be
analysed, which requires proper understanding of the arrangement of openings such as
windows and doorsand obstructions such as walls and flao’dditionally, material
assemblies should represent the ones that are intended for the construction, including
appropriate physical and thermal propass.

Test the workflow from BIM to CFD

Two basicbuilding modelswere used forisolaing strategies to get the most from the
geometry in the BIM modegeveral parametric definitions wergtudiedin the Basic Building

and the Tweroom building First, t was evaluated different materials for the construction
elements; later, it was analysed the differences between openings, doors and windows, and
lastly, it was compared the IFC versions for data exchange.

It was found that thelFC file exported fronRevitdoes not contaimmaterial properties for
each material layer (Thermal Conductivity, Spetigat Capacityand Densityut includes
other derivedthermal properties such adeat TransferGoefficient Thermal Resistancand
ThermalMassfor each element type. However, these propertieare not recognised by
Pyrosim This shortcoming is overcome with the Scripting tomated in Pythonwhich
allowed continuity in the workflowas explained in the next sectior) was found that it is
feasible to perbrm CFD simulations with information partially taken from a BIM model, as
shown in the implementation process on the three different buildings: the Basic Building, the
Tworoom and a more complekuilding the Health Center.

The guidance received frolutodesk developers was crucial for applying best practices in

getting information from BIM into the IFC format. Likewise, the assistance from Thunderhead
Engineering Consultants helped to understand the available IFC import options in Pyrosim.
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Create and evaluate a prototype tool to address shortcomings in the model data
transport

This study proposed a Scripting Taeothe Python programming language take a step in
obtaining information from the thermal properties of construction materidlg using
information in thelFC ile exportedfrom Revit Thistool enhances the FDS input file from
Pyrosimwhich includes other configurations of the fire scenaia the building geometry

The simulations performed using this FDS input file showed that information is
successfully read by FDS and used for the calculation of heat transfer in the boundaries and
presented in the form of Wall Temperature contours.

Evaluatelimitations andchallenges, anddcommunicate outcomes to developers and
researches

The transfer of information from BIM into CFD is mainly limited by the software capabilities
and the practices applied during the creation of a BIM moé#etther software development
should be done in order to use all the potential of BIM, not only éexgaomety creationbut

also in storing and sharingvaluabledata related to each building elemesytsuch as their
material properties Some potential future work was identified in this studhapter8), and
communicated to developers and researchererder to promotebetter integration of BIM

with the simulation of fires in enclosures.
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8 Potential future work

After carrying out this studysome potential future workand recommendationsvere
identified. These were communicated tevelopers and researchems order to promote
further development in the integratioof BIMwith the simulation of fires in enclosuse

Recommendations for enhancements to the Python Scripting tool

1 Thelist of densities in thé&cripting Tool may be enhanced by creating a link between
the library of physicalassets in Revit or any other database that contaiyysical
densitiesfor a wider group ofnaterials. In the case of Reuviit,usesthe file format
aadsklibé for storing information related téhermal assets.

1 The Scripting Tool was focused orsearching dr information regarding thermal
properties in the IFC file, but further informatiar interestmight bealreadyincluded
in the IFCrile. The tool could be enhanced search and script informatiorelated to
fire size type of fuel, or mesh domaisize.

1 The Scripting tool wasonfigurated for performing calculations in the International
System of UnitsEven thougtit is possible to sele@lunits in Revit before exporting
the IFC file, imight be useful tanclude the capability oivorking eitier in Imperial
unitsor Sl units.

Recommendations for enhancements to Pyrosim:

Pyrosim detects the name of element types and uses this information for identifying
obstructions. It also assigns a unique name from the outer material layer to the
surfaces that it creates. However, it should be noted that FDS allows having an
assembly of materials on the same surface. Therefore, a surface should not be related

G2 Iy AYRA@GARdAzZrE YIFIGSNRARFE yIFYST o6dzi I avYl
theRSFAYAGAZ2Y 2F aYIFUGSNARIE aasSvyofteé odzi b
to relate the ID of a surface to the entity type instead to a material name. This would

allow in the future the connection of materials from IFC files (ifcMaterial) to the
materials in FDS (MATL).

Additionally, if a surface were named after the element type instead to the outer
material, it could be overcoméhe issuewhen two element types have different
material assemblies but the same name in the outer material layer. Every entity type
might have different thermal properties, but when they are identified with the same
name, this difference is unnoticed. That is winy,this study, it was required to
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duplicate the materials in the outer layer in assemblies that were using the same
name.

Recommendations for enhancements in Revit:

Currently, the IFExport tool in Revit does not support exporting material properties
in IFC formatthough it is a request already know by Autodesk Developers who
suggesed the next possible ways tovercomethis issue

1 To customise the IFC Export tool in Revit to support material properties (or the
thermal properties for this case) for by exportedin the IFC file. The open
source of thiexporter is available in GitHyAutodesk Inc., 2019i)

1 To we the ReviApplication Programminglinterface (AP) to get the desired
information from materials irm Revit project, and then export it tan IFC file.

Theseprocessegequire knowledge in programming, Revit elen®iand materials,
Revit APl and IFGrmat.

If Revit suppor exporting materiathermal properties, the nexwill be the recommended
enhancements to Pyrosim or the Scriptingtoo

It would be ideal if theapabilities of theRevitIFCexport tool were increased to allow
exportingmaterial propertiesfor each material layefThermal Conductivity, Specific

Heat Capacityand Densityd S& A RSa GKS a! yfor areeigmebtitype LINE LIS
(Heat transfer coefficientThermal Resistancand Thermal masy This would open

the possibility of writingan FDS input file includinbermal propertiesper materialin

the MATL lineFor this either Pyrosim or the Scriptingpol should beenhancedIf any

of these programsvere able tanterpret material nameglfcMaterial) as the materials

used for FDS (MATL)Jx would be possible to distinguish between materials in the

core, exterior and interior layersf an assemblynd to understand the differences in

heat losses when one sidd an elementis exposed to fire instead of the other

The IFC file contains a class calfeMateridLayerSeassociatedvith an entity type
(IfcwallType IfcSlabType etcetera) this comprises information of each
IfcMateridLayerthat form amaterial assemblyifcMateridLaye contains attributes
of Thicknesand IfcMaterial per material layerThis informationcouldbe interpreted
in the same format as FDS does

The next FDSexample refers to an assembly of materials, BRICK and INSULATOR,
where each material has a thickness of 0.20 m and 0.10 m. If the material properties
were exported by the IFC export tool in Revit, it would be poséinl@yrosim otthe
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Scripting toolo write the MATL lines including thermal properti€eBhe information
for the SURF line is currently found in the IFC dia88ateridLaye, as explained
before.

&MATLID ="' BRICK
CONDUCTIVITY =0. 54
SPECIFIC_HEAT = 0.84
DENSITY = 1550./

&MATL ID = 'INSULATOR'
CONDUCTIVITY = 0.041
SPECIFIC_HEAT = 2.09
DENSITY = 229./

&SURF ID = 'BRICK WALL'
MATL_ID = 'BRICK','INSULATOR'
THICKNESS = 0.20,0.10/

Recommendations for enhancementsFDS

One of the remarkable features of Buildimjormation Modellingisthe capabiliy of

creating complex building geometries in a thiéienensional representation.
However, the currentCartesian coordinatesystem used by FDSrestricts the
representation of arved and slope@lements

The FDS Road M@plcGrattan, Hostikka, McDermott, Floyd, & Vanella, 2058#es

that plans forFDS 7 include the ability to handle complex, unstructured geometry via
high-orderimmersed boundary methodf this enhancement igitroduced it will be
encouraged the usef®IM models for the analysis of fire scenarios in,BD& further
research coulde done in this area.
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11 Appendices

11.1 3D figures of ifre and smokedevelopment inthe Basic Building
(Top and lateral elements clippgd

ol o

Time: 0.0 s Time: 5.1 s
Time: 99 s Time: 15 s
Time: 20.0 s Time: 30.0 s
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11.2 Contours of emperature andvelocity vectors in the Basic Building

The hot layer stab#es at 1.4 meters after 3§ andthe conditions in the roonstay constah
during the remaining time of the simulation.
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11.3 3Dfigures of fre and smokedevelopment in theTwo-room Building

(Outlineview)

Time: 0.0 s

Time: 15 s

Time: 30.0 s

Time: 90.0 s
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