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ABSTRACT

Building Infor mation Modelling (BIM)  isanem erging technological and
procedural shift within the Archit ecture, Engineering, Construction and
Operations (AECO) industry, it is ar gued to be a catalyst for improving
efficiency/effectiveness and lowering the high costs of inadequate interpretability
(Succar 200 9). However, the intero perability of different Building Perform ance
Analysis (BPA) tools is st ill an area under developm ent. Building Perf ormance
Analysis (BPA) tools, s uch as Ecotect , IES<VE>, eQuest, Energy Plus, Design
Builder, and HEED, have been traditionally app lied to study the energy
performance of buildings for design of =~ more sustain able and energ y efficient
buildings. This study aim s at explor ing the significance and barriers of
information delivery between BIM and BP A tools (Ecotect, e(QUEST, GBS), and
exploring how to apply BIM m  odel to building therm al com fort and energy

consumption analysis. Two tests have been done for that purpose.

In Test I, three product models, with different detail level and file sizes, were built
and delive red f rom Revit Arch itecture into ECOTECT, and eQUEST.
Comparison studies of three file formats and the two programmes were conducted
to guide the further integration analysis. In Test II, a thermal comfort analysis and
an energy saving analysis for building envelope were conducted separately in
Ecotect and eQUEST. Interv entions and specific custom isations of th e m odel
organisations were reco rded during the analysis. PMV average values of three
typical floors (6F/19F/32F) we re calculated, an d the resu It shows tha t therm al
comfort in typical seaso ns is acceptable for those three floo rs. Annual electricity

consumption of HVAC system was also calculated based on different building
II



envelope design strategies. Significance s, barriers and recomm endations for

integration design with BIM and BPA tools are also concluded.
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CHAPTER 1: INTRODUCTION

1.1 Background to the Research

Building Infor mation Modelling (BIM)  isanem erging technological and
procedural shift within the Archit ecture, Engineering, Construction and
Operations (AECO) industry .Itis  argued to be a catalyst for improving
efficiency/effectiveness and lowerin g the high costs of inadequate in terpretability
(Succar, 20 09). It con tains a complete s et of inform ation ranging from the
building’s g eometric da ta, spa tial r elationships, geographic data, construction

schedules, fabrication processes, etc.

The advance from CAD to BIMisavery real jump from data to inf ormation
(Bedrick, 2008). W hile CAD elements are purely graphical representations of
building components without any relevance and meaning - like lines, arcs, circles
and som etimes surfaces and so lids, BIM elem ents are building co mponents
embedded with their releva nce to other components and theirm  eanings to a
building. Therefore, B IM elem ents can simulate the be haviour of an actual
building component. VP and VDC represent a range of processes that are not only
in the construction industry but based on BIM technology. With the advances in
BIM technology, more human intelligence will be given to the BIM model, which

can make serious benefits to the management and control of a whole project.

Although most of the initiatives consider BIM application in whole building life

cycle, the reality is that, rather than optim isation and docum entation in
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pre-construction and construction phase, the industry still experiences less valu e
in the whole building life cycle. Em erging fields such as Facility Managem ent,
Sustainability Analysis, and Civil Engi neering are gradually bringing in B M
technology to form a more efficient workflow. As many of the BIM tools, used to
measure the environm ent im pact of build ing design strategies , are not directly
accessible within a BIM m  odel itself. Da tan eeds to be e xported to another
application or im ported from a data sour ce based on interoperable file form ats.
Therefore, inf ormation inte roperability has becom e one of the concerns of the

research related to BIM technology.

Lots of in itiatives have been done to in tegrate multi-d isciplinary software with
BIM by interoperable file for mats. For suchem  erging areas as  Facility
Management, Building Sustainability De sign and Civil Engineering, inform ation
interoperability with Bl M isad eveloping subject in recent years. There is
therefore a need to have a com prehensive understanding of how BIM have been

used in these areas, and how to make the integration process more effective.

1.2 Research Objectives

The problem of this research can be concluded as:

How to apply BIM to building therm al comfort and energy consumption analyses
at the planning stage?

To solve the problem s, two major tests must be done: (1) exploring the problem s
and dif ficulties of pro duct m odel de livery among BIM and BP A tools, take

Ecotect, EQUEST and GBS for example in this study; (2) identifying re-work and



specific re-input of product m odel in BP A tools for conducting building therm al

comfort and energy consumption analyses. The tests were addressed as follows:

1. What’s the current state of BIM technology and application?

The advance for m CAD to BIM is a very  real jump from data to inf ormation
(Bedrick, 2008). Building Infor mation model e lements are building components
embedded with its relevance to other co mponents and its meaning to the building.
BIM Intern ational Activity ind icates that g lobal m arkets view BIM as an
important tool for the future growth and competitiveness of the built environment

(McGraw Hill Construction Report).

So far, major successes have been recorded using 3D building models for dynamic
viewing, graphical anim ation, collision de tection and process sim ulation - by
linking to the construction schedule. Som e progresses have also been made in the
area of intellig ent build ings m odelling. An ‘in telligent object’ in tegrates both
detailed geometrical and non-geometrical data. Multi-disciplinary analysis can be
carried out on the bases of these data . Capturing the richness data of the
intelligence and the d ata flows b etween the stakeho Iders is anoth er resea rch

concern of BIM technology.

Plenty of standards have been deve loped, released and im  plemented in
commercial software for testing and a  pplication. Based on those accelerating
emergence of guidelines and reports de  dicated to exploring and defining the
requirements and deliverables of BIM, a growing number of projects are carried

out in relation to applying BIM in construction industry.



The r esearch has r eviewed t he st atus of evolution of Bl M technology and its
integration application in em  erging areas including F  acility Managem ent,
sustainability analysis and civil engineering by referring to literature related to the

development of virtual technology based on BIM models.

2. What fram ework and p rocess are need ed to implem ent BIM to building
thermal comfort and energy consumption analysis?

Integration design based on BIM application is a hot spot in research toward BIM
nowadays. Interoperability is defined as  the seam less sharing of building data
between multiple applications over any or all lif e cycle phase(s) of a building ’s
development. And there is a growing industry standard called Industry Foundation
Classes (IFC) that has been created as an open source and most BIM tools on the
market can export to an IFC file type . Besides IFC, the Green Building XML
schema, referred to as “gbXML”, is also used to facilitate interoperability between
BIM models. Based on interoperable file formats and their com pliant software,
information of BIM can be delivered, = modified and re-used during the whole
building life cycle. Different functionalities can be realized during this integration
process, such as design optimisation, life costs and environmental impact control,

and facility benchmarking.

The interoperable file formats make interdisciplinary data exchange b etween 3D
geometric and non-geom etric data com e true. However, problem s also e merge
during information delivery process, such as geometric misrepresentations, loss of
object inform ation, confusion of re-i  nput, and loss of para metric object

information. For exam ple, RIUSKA imports 3D geom etry and spatial data from



ArchiCAD, and then exports thermal data via IFC to Mag iCAD for mechanical
design. After engineers have optim ized the HVAC system with MagiC AD, they
are exported another IF C file that will th en be i mported into a 3D ar chitectural

model as well as 4D model application.

This research reviews BIM initia tives related to building perf ormance analysis,
and then develops a fram ework aim ing at applying BIM to building therm al
comfort and ener gy ¢ onsumption analysis. It will ass ist planners to be m ore

efficient in verifying their design strategies.

1.3 Research Methodology

The primary research methodology adopted for this study is action research. It is
considered to be the most appropriate for producing insights from the application
of BIM to building thermal comfort and energy consumption analysis because it

links theory with practice.

The specific methodology of this research is also based on literature review and
case study. Detail of the research methodology will be discussed and justified in

Chapter 3.

1.4 Significance of the Research

The exchange of product model is the basis for faster and more effective processes.
Information is m ore easily shared, va  lue added, reused and exploited in

downstream processes and m anufacturing. By controlling life cycle costs and
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environmental im pacts, better cu stomer service can be served and b etter d esign
strategies can be adopted. The ultimat e purpose for product model sharing should
be the integration of planning and implementation processes in which government,
industry and m anufacturers can havea ~ common data protocol and software
applications that can interpret those data correctly. In this study, the product model
exchange happens am ong BIM and BP A so ftware applications. Moreover , an
environmental analysis based on therm al comfort and an ener gy saving analysis
for building envelope is conducted on th e base of information exchange. The
benefits of this process can be concluded as follows:
1. Building Information Delivery
a) Product m odel is delivered from Rev it Architecture to Ecotect through
gbXML file;
b) Product model is delivered from Revit Architecture to Green Building S tudio
(GBS), then is imported into eQUEST through INP file generated by GBS.
2. Thermal Design and Analysis
With the imported product model, Ecotect runs thermal simulation to estimate
the PMV.
3. Energy Consumption for Different Design Strategies of Building Envelope
With the i mported product m odel, eQUE ST runs annual AC system electric
consumption based on dif ferent building envelope design st rategies, and an
optimized strategy is developed after the analysis.
4. Exchange of Project Data with IFC and gbXML
a) Ecotect 2010 at beta stag e can not read IFC file correctly . W hile with
interoperable file form at gbXML, pr oduct model exchange can still be

conducted and used for thermal comfort analysis;



b) Product m odel delivery from Revit to Ecotect, and then to eQUEST is
time-consuming and unstable. Product model delivery from Revit to GBS, and
then to eQUEST does work in the test, though there is certain information loss.

Nevertheless, analysis can still be conducted.

Experience in this study shows barriers for integration design based on BIM are
caused by interoperable file formats, model organisation in receiving applications.
Information loss and rework for model =~ modification for specific an alysis are
unavoidable. It is im portant to m ake clear the analysis objectives, the use of the
model, then to decide what kind of information it needs to deliver, and which level
of detail it needs to have. The probl ems occurred in the study related to
interoperable file formats can be concluded as misreading of model geometry, loss
of object information and confusion in revision. The study show s that the various
3D m odel or ganisation standards, sp ecific input for receiv ing software
applications and time-consum  ing one -way conversion ¢  ould potentially

undermine future absorption of the product models sharing.

Recommendations are m ade for designers and builders towards problem s for
model building and sharing ar e also concluded: tailoring the models to fit for the

analysis purpose, developing partial model exchanges and model server, etc.

1.5 QOutline Structure of the Thesis

The thesis is divided in to five chapters acco rding to the need to provid e a clear

and concise account of the content.



Chapter 1 introduces the background to  the study, including identification of
research problems, explanation of the research methodology and significance of
the outcomes. It is the foundation of the thesis.

Chapter 2 develops the theore tical basis of the thesis by reviewing the literature
relating to BIM and sustainable build ing. E volution of BIM is exam ined,
including product m odelling and visualis ation, process m odelling and analys is,
collaboration and communication. The integration of BIM and Building
Performance Analysis (BP A) tools are  also studied, including description of
commonly used BP A programm es and their application in sustainab le buildin g

industry.

Chapter 3 sets us the research design and m ethodology adopted in the research.
The prim ary research m ethodology adopted for this study is the ‘experim  ent’
design based on the literature review and case study . T wo tests have been

developed to test interoperability am ong BIM and BP A tools; and explore the

potential of this technology for supporting sustainable building design.

Chapter 4 demonstrates the implementation of methodology described in Chapter

4, and analyzes the results of the experiments.

Chapter 5 presents the conclusions including a review of the objectives, research
contribution, significance and lim itations of the study .Italsom akes

recommendations for future research.



1.6 Summary

This chapter has laid the foundation for the thesis. It introduces the background to
the study, and highlights the research problems and other related issues. The

research methodology, significance of the outcomes, and outlin e structure of th e
thesis are discussed. The following chapters will provide a detail ed description of

each stage of the research.



CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

This chapter presents a summary of the literature relating to Building Information
Modelling. The evolution of BIM tools is reviewed and a com parison am ong
CAD, VR/AR, VP, BIM and VDC a re examined. The research areas of BIM are
reviewed based on papers and publicly-available guides and reports, the review
shows that, instead of focusing on m odelling and analysis of product and process,
more and more concerns have raised  about collaboration and communication
during the whole building life cycle. More over, although most of the initiatives
consider BIM application in whole building life cycle, th e reality is that, rather
than optimisation and documentation in pre-construction and construction phases,
the indu stry still experiences les s value in em erging fields such as Facility
Management, Sustainability Analysis , and Civil Engineering. F inally the
researches are related to product model delivery, such as interoperable file formats

and BIM compliant software. Information delivery methods are reviewed.

2.2 CAD, VR/AR, VP, BIM,VDC

The orig inal prem ise of CAD applica tionistorepr esent two-d imensional
geometry via graphical elem ents. Three- dimensional CAD models are of fspring
from two-dim ensional CAD, and Buildi ng Inform ation Modelling (BIM) is the

latest generation of OOCAD system in which all inf ormation asso ciated with a
building can be captured based on a single ‘project database’ or ‘virtual building’.
VR/AR technology brings a user experien ce function to BIM. VP technology has

successfully been used in many phases of the manufacturing planning process and
10



some phases of construction planning pro cess. VDC represents a broad range of

new processes which are realized by building infor mation modeling technology .
Therefore, they have the sam e technique basis of BIM technology but dif ferent
applications domains in AEC industry (F igure 2.1). The detail inform ation about

comparison of CAD, VR/AR, VP, BIM and VDC is described as following:

3D components
r‘flc{"r.-l
Relationships
Behaviours
richness of intelligence

Graphical representation

building lifecycle process
Civil infrastructures and
earthworks
Productlifecycle process

)
e
. .
Domain expertise

2 " Managementand
Field experience

control of whole project

Input Tools and procedures Output

Figure 2.1. Relationship among CAD, BIM/VDC/VP and Human

Intelligence/expertise.

2.2.1 CAD to BIM: Data to Information

To understand the developm ent of BIM, a good start point should be CAD. The
original premise of CAD application is to represent two-dimensional geometry via
graphical elem ents. Three-dim ensional CAD m  odels are of  fspring fr om
two-dimensional CAD and in itially focus on creating geom etry in support of
visualisation. During the evolution, fr om three-dim ensional curves an d surface

models to more shape detail and com  plexity, to solid modelling lik e rea listic

11



rendering and lighting ef fect - CAD technol ogy gradually develops to m eet the

increasing demands for realism and complexity in the industry (Kasik, 2000).

Four-dimensional Modelling combines 3D models with time. So far, most uses of
4D visualisation have been inthe m  arketing and preconstr uction phase of a
project - like explaining designs and de  scribing construction process (Liston,
2001). Other im portant uses include assist ance in cost control and estim  ation
(Staub, 1998). Most recently, object-oriented CAD system (OOCAD) has replaced
previous C AD paradigm with building  elements (ob jects). The inclusion of
parametric 3D geom etry adds “intellige nce” to those objects, which perm its
representation of complex geom etric and functional relationships betw een them.
Moreover, abstract objects can be define d, identified, descri bed, and referenced.
Capturing these relationships and behaviour s and the r ichness of the intelligenc e
are justno tpossib le inthe p revious CAD paradigm . Building infor mation
modeling ( BIM) isth e la test ge neration of OOCAD system in which all
information associated with build ing can be captured based on a single ‘project

database’ or ‘virtual building” (Howell and Batcheler, 2003).

The advance from CAD to BIMisavery real jump from data to inf ormation
(Bedrick, 2008). CAD elem ents are raw  data, like lines, arcs, circles and
sometimes surfaces an d solids - pure gr  aphical rep resentations of building
components without any relevance and meaning, while BIM elements are building
components embedded with its relevance to other com ponents and its m eaning to
the bu ilding. Therefore, BIM elem  ents can sim ulate an ac tual building

component’s behaviour . T ake a wall for example, BIM can sim ulate a wall’ s

12



behaviour including its load-bearing capaci  ty or its response to heating and

cooling loads.

According to National BIM S tandard Project Committee (2008), BIM is a dig ital
representation of physical and functional characteristics of a facility; it is founded
on open standards for interoperability and serves as a shared knowledge resource
for infor mation about a facility and thus  forming a reliable basis for decision
during its life cycle from inception onwar d. The American Institute of Archite cts
describes it as “am  odel-based technol ogy linked with a database of project
information”. Therefore an ideal BI M is conceived as a single building
information m odel for the entire constr uction industry (Howell and Batcheler
2003), and a basic prem ise of BIM is the interoperability and

machine-interpretation based on that standard structured data. (Fallon, 1998)

The International Alliance for Interope  rability (IAI) defined IFC (Industry
Foundation Classes) as an extensible “fram ework model”. It has been directed to
address all building infor mation over the w hole building life cycle, from
feasibility and planning, through to design (including analysis and simulation),
construction and finally to occupancy a nd operation (NIST). There are lots of
BIM implementations developed by different software vendors in the absence of a
single model - Autodesk Architectural Desktop (ADT), Autodesk REVIT, Bentley

Systems, Graphisoft’s, Nemetschek, etc.

2.2.2 VR and AR: Adding User Experience Function to BIM

VR (Virtual Reality) can be defined as a computer-generated simulation of a real

13



or imagined environment that a user can experience, like immersion, navigation
and interaction (Ammari, 2006). AR (Augmented Reality) is also a technology for
application of user exp erience. It com bines the viewing of the real world or
video-based environm ents with supe rimposed 3D VR m  odels. Thus AR
supplements rather than replaces the user ’s real world (Virtual Reality Laboratory
website, 2006). The most recent development in AR is a wearable system in which
users wear a backpack with a porta ble com puter and can see through
Head-Mounted Display (HMD), hear with headphones and have a m otion tracker
to place an d m anipulate VR objects as  they m ove within the ir re al world

environment (Halden Virtual Reality Center, 2006).

Integration of VP or BIM within VR enables users to interact with
three-dimensional m odels that ar e more realistic. VR isused asato ol for the
verification of assem bly and m aintenance processes (Sa and Aschm ann, 1999).
The University of Salford’ s “T hink Lab” is developing immersive
tele-collaboration technologies in the construction industry (Brandon, 2007). AR

is now mainly used in the manufacturing industry.

2.2.3 VP, VDC and BIM: Manufacturing and AEC Industry

Virtual Prototyping technology is initially developed to m eet the dem and of the
manufacturing industry. Its digital nature permits revision and optimisation of the
functionality of the design partsina  very fast, econom ic and ef ficient m anner
(Zorriassatine, 2003). V P technology has been successfully used in many phases
of the m anufacturing planning process and som e phases of the construction

planning process. According to Shen (2005), Xiang (2004), and Pratt (1995), VP
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is a com puter-aided rep resentational pro cess concerned with the construction of
digital product m odels (‘virtual prototype s”) and realistic graphical sim ulations
that address the broad issues of physical layout, operational concept, functional
specifications, and dynam ics analysis unde r various operating environm ents. In
broad meaning, VP is usually mentioned with BIM although they are mainly used
in dif ferent fields. There are five = main categories of VP technology (Huang,
2008): Visualisation, collision detection, testing and verification of functions and
performance, evaluation of manufa cturing and assem bly operation, resource
modeling and sim ulation. VDC represents a broad range of new processes m ade
possible by building inform ation modelling technology. It is the use of m odels
coupled with analysis and sim ulation tools to prototype the building on the
computer. This can then be used to simulate the building, its performance and its
construction before breaking the ground. Th e availability and capability of VDC
software in the civil area is increasing in some areas, such as civil infrastructures

and earthworks.

2.3 Research Areas of BIM

BIM Intern ational Activity ind icates that g lobal m arkets view BIM as an
important tool for the future growth and competitiveness of the built environment
(McGraw Hill Cons truction Report). In som e states su ch as Finland, D enmark,
Norway, Australia, and USA, the use of BIM has been endorsed while some other
states have progressed toward it. The following provides a review and discussion
to the publicly-available guides, reports relating BIM around the global and their

implications in research and development of BIM in the construction industry.
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2.3.1 Parametric Geometry with Intelligence

Overall, three broad research areas of BIM are id entified accord ing to the
particular areas of application: (1) product modelling and  visualisation; (2)
process m odeling and analysis; (3) co 1laboration and co mmunication (Huang,
2009). So far, major successes have been recorded using 3D building models for
dynamic viewing, graphical anim ation, collision detection and process simulation
- by linking to the construction schedule. These successes are partly attributed to
the gradual m aturity of 3D modelinga nd to advancem ents in visualisation
technologies like V irtual R eality (VR), Augmented Re ality (AR). These allow
users to animate assembly and disassembly sequences, animate ‘fly-through, into
and around’, and sim ulate people and their interactions with products (CIMdata

Inc. 2001).

Some progress has also been m ade in th e area of intelligent building modelling.
‘Intelligent object’ represen ts physical elem ents like doors and columns and
encapsulate ‘intelligence’ (Halfawy, 2002). An ‘intelligent obj ect’ integrates both
detailed geom etrical and non-geom  etrical data. Based on these data,
multi-disciplinary analysis can be carried out, su ch as structural ana lysis, HVAC
design, scheduling, cost estimating, environment impact evaluation, life cycle cost
estimating, and therm al perform ance assess ment. Various software are used for
both data transmission and analysis, such as BSPro (middleware software), FEA,
MagiCAD, COVE, BSLCA, BSLCC, RIUKSA, and Lightscape. Domain-specific
standards and software packages are available in this area. Take structural analysis
for exam ple: the Am erican Institu te of S teel Constructio n’s (AISC) CIMS teel

Integration S tandards/Version 2 (C 1S/2) initiative has pro ven to enh ance the
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quality and speed of inform ation flow throughout the steel supply chain. Bentley
Structural, as part of Bentley’ s integrated suite of building infor mation modeling
(BIM) application s, is a widely u sed stru ctural analys is to ol which can design

complex structural systems and perform detailed analysis.

2.3.2 Integrated Project Delivery

Capturing the rich data of the intel ligence and the data flows between the
stakeholders are both critical variables of BIM maturity. Methodologies and tools
for sharing and exchanging data of  ‘intelligence objects’ am ong users from
different domains have become another research hot spot globally (Succar, 2009).
The 2004 Construction Users Roundtable (CUR T) report, ‘Collaboration,
Integrated Inform ation and the Proj  ect L ife Cycle in Building Design,
Construction and Operation” (W P-1202), makes clear that there is a com pelling
need to im prove project delivery . The National Institute of S tandards and
Technology (NIST) studying ‘General Buildings Inform ation Handover Guide:
Principles, Methodology and Case S tudies’ (NISTIR 7417, 2007) is one of the
first to doc ument the process and  quantif y the ef fectiveness of intelligent
modelling ¢ ombined with data f lows and sha ring across a broad range of
applications. In order to im  prove the inte roperability ( information delive ry/
handover) in AEC/FC dusty , data modelling experts must develop specifications

for how the information should be encoded by using structured data standards.

Plenty of standards have been deve loped, released and im  plemented in
commercial software for testing and application. From 1979, with Initial Graphics

Exchange S pecification (IGES) in the USA, dif ferent n ational s tandards for
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interoperability were gradually developed. Examples include VDAFS in Germany
and SET in France. In 1984~1994/95, an inte rnational standard named Standard
for the Exchange of Product m odel data (STEP) was developed and released by
the International S tandards Or ganization (ISO). Alm ostallm ajor CAD an d
Computer-Aided Manufacturing (C AM) contains models that allow them to read
and write data defined by STEP Application Protocols (AP s) (Ammari, 2006). In
1997, 1AI published Industry Foundation Cl asses (IFCs) - an extensible
framework model to cover the whole building life cycle. It is supported by various
software vendors and enables applications  to ef ficiently share and exchange
project inform ation (Li, Isele et al. 2008). In 2003, U.S. General Services
Administration (GSA) exam ined IFC m odels and server standards via 10 pilot
projects. Many BIM authoring tools have been certified of their f itness for use
through this project including Autodesk’ s ADT, Autodesk’s Revit, Graphisoft’ s
ArchiCAD, Bentley’s Architecture, and Onuma Architecture &Mas ter Planning
(Mihindu, 2008). Both STEP  and IFCs are based on the schem a language
EXPRESS and affected by the XML standard for document representation on the

World Wide Web.

Based on those accelerating em ergence of guidelines and reports de dicated to
exploring and defining th e requirem ents and deliverables of BIM, a growing
number of projects are carried outin relation to app lying BIM in con struction
industry. Major public-or ganisation ini tiatives in thisre  gard include TAI
buildingSMART, the U.S. National Build ing Inf ormation Modeling S tandard
(NBIMS), the European Comm ission, the Associated General Contractors of

America, the U.S. General Serv ices Adm inistration (GSA), US National
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Aeronautics and Space Adm inistration (NASA), General Moto rs (GM),
Cooperative Research Centres (CRC) in Australia as well as in Denmark, Finland,

Norway and Singapore (Fallon, 2007; Mihindu, 2008; Succar, 2009).

2.3.3 Integration Application of BIM
Based on the developm ent of open protocol , BIM is capable of being applied to
the whole AEC industry . 50 initiatives are studied to have a com  prehensive

understanding of the integration application of BIM in AEC industry.

Although most of the initiatives consider BIM application in whole building life
cycle, the reality is that, rather than optim isation and docum entation in
pre-construction and construction phase, the industry still experiences less valu e
in the whole building lif e cy cle (Figur e 2. 2). Em erging f ields lik e Facility
Management, Sustainability Analysis,  and Civil Engineering are gradually
bringing in BIM technology to form a m ore e fficient workflow. As ma ny of the
BIM tools u sed to m easure the environm ent impact of building design strategies
are not directly accessible within a BIM model itself, data needs to be exported to
another application or impor ted from a data source base d on interoperability file
formats (DXF , gbXM L, IFC, etc). Therefor e, inf ormation inte roperability ha s
become one of the hot spots of the res earch related to BIM technology (Figure

2.3).
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Lots of in itiatives have been done to in tegrate multi-d isciplinary software with
BIM by interoperability file form ats (Table 1.1). For thes e emerging areas, like
Facility Managem ent, Building Sustaina bility Design, and  Civil Engineering,
information inte roperability with B IM is a developing subject in recent years.
There is therefore a need to have  a com prehensive understanding of how BIM
have been used in thes e areas, and how to make the integration process m ore

effective.

2.3.3.1 Application of BIM in FM

Based on the developm ent of building data protocol, BIM is capable of being
applied to the whole building life cycle, while industry still experiences less value
in areas of AM/FM Which includes clo seout or operations and m aintenance,
refurbishment and upgrade, disposal and di scompose. It is recomm ended that the
FM industry adopt IFC to support FM processes such as benchm arking,
procurement and service delivery , for th e sharing of FM infor mation for asset
management (AM) app lications, a nd ultim ately to supp ort bro ader business
objectives. Therefore, the research invol ving Facility Managem ent was m ainly
about information sharing delivery m ethod, rather than handling substantial tasks
of decision support through scenario  checking and evaluation (PM4D, CIFE
Report 143, 2002). There was fewer resear ch which concerned the m anagement
solutions (““Adopting BIM f or facilities management-solutions for managing the

Sydney Opera House”, CRC 2007, ifc-mBomb, the U.K. DTI 2004; COBIE).

For specific dom ains such as refurbishm ent, research reg arding BIM is alm ost

blank, which shows an im  balance betw een increasing dem and and a lack of
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attention. D uring the long tim e life cycle period of housing, m ost residents are
undoubtedly faced with refurbishment requ irements. However, it is n ot easy to
make assessm ent and refurbishment related  decisions due to the lack of
knowledge and experience. Com puter-aided tools are needed to help residents
conduct the housing condition assessment and offer optimal refurbishment actions

considering the trade-off between cost and quality.

(1)Management Solutions

‘Adopting BIM for facilities m anagement-solutions for m anaging the Sydney
Opera House’ (Ifc-m Bomb, CRC) aim s at devising am ethod that will allow
seamless flow of infor mation to pass from design and construction to operation
and maintenance - and then decom missioning and dem olition if needed. Such a
system will have to include underp inned robust technology. Creating and storing
designs in an object databa se through dif ferent software packages w ould help
achieve this. The database is based on the IFC model and property
sets-information-rich standa rds that allow a wealth of data onabu ildingtob e
assembled, exchanged, stored, re-used a nd updated during the life cycle. The
project is chosen to concentrat eonH  VAC (heating, ventilation and
air-conditioning) services. Se veral high-level processes ha ve been identified that

could benefit from standardized BIM:

1. Maintenance processes using engineering data;

2. Business processes using scheduling, venue access, and security data;
3. Benchmarking processes using building performance data

The function that can be realized including:

1. Quickly find the responsible person/contract when an element fails;
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2. Retrieve all objects (walls, doors, etc.) scoring on the BPI (num ber or level)
which have had a major maintenance;

3. Retrieve all history of cleaning scor  es of objects before and after a new
cleaning contract for comparison;

4. List the location of assets and their performance including maintenance history

5. Query vacated spaces and their BFI scor es; and Si mulate and visualize the

effect of taking a service out of commission.

(2)Refurbishment

(Morris, 2006) BIM has not been tested  that much in renovation projects yet,
although the im portance of renovation and re storation is rem arkable within the
total volum e of western construction sectors. (Juan and Kim  , 2009) the
refurbishment market has faced increasing needs worldwide. During the long time
life cycle period of housing, most re sidents are undoubtedly faced with
refurbishment requirements. “Life cycle support — the model supports the FM data
over th e co mplete facility life cycle from conception to dem olition, extending
current over - em phasis on design and  construction phase.” (Senate, 2007).
However, it is not easy to make assessment and refurbishment related to decisions
due to the lack of knowledge and experien ce. Computer-aided tools are needed to
help res idents conduct the housing conditio  n assessm ent and of fer optim al
refurbishment actions considering the trad e-off between cost and quality . Little
work has yet been accom plished in the use of BIM for the m anagement or
renovation of existing buildings. B arch and Gillard (2009) discussed a few pilot
initiatives which indic ated th at th e bu ilding inf ormation modelling o fexistin g

buildings requires a substantially different approach to that taken on new projects.
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First of all, for refurbishment and state review of an existing old building, a new

model reflecting the current state is often required. Su ch surveying instrum ents

include Laser Scanners. Murphy et al out lined the following data capture process

based upon “user interactive stages”:

e Processing image and laser survey data;

e Correlating laser and im age survey data plotting the param etric objects onto
the point cloud and image survey data;

e Modifying parametric objects to fit accurately the geometry, scale and rotation
of the point cloud survey;

e Mapping more com plex shapes as text ured models onto their com ponent
parametric objects; and

e Creating the entire building, a system referred to as Historic Building

Information Modelling (HBIM), i.e., full engineering survey drawings.

Then a BIM model reflecting cu rrent state will be built based on a photographic
survey, digitized paper record draw ings, or a 3D scan survey , as Murphy has
discussed. Correspondingly som e researchers have created IFC com patible BIM
from laser range im ages before. Li and Isele, (2008) presented an approach
designed b y the Germ an Research Cent er in Karlsruh e to create an I[FC
compatible building inf ormation model from laser range im ages. Also some
researchers have been able to trans fer 3D m odels into IFC-f ormat (Barch and
Gillard, 2009). In the pilot of The HUT , AutoCAD’s 3D model was transferred to
Solibri Mo del Checker SMC in IFC-for  mat and it was then analyzed and
visualized based on the attribute data (S olibri is one of the em erging IFC based
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code com pliance ch ecking engines - us ed in autom ated building regulation

approval in Singapore).

After transf erring cur rent build ing states in to IFC-com patible BIM m odels
through certain survey m ethods and corre sponding software packages, then the
data can be exported from one package a nd imported into the others for further
analysis based on a single synchronized model. Schedules of renovation processes
can be established and supplied to the Qu antity Survey or to ensu re that cost
estimates are fully related to detailed design, and Ecotect studies can be conducted
to find an optim al balance between pr ojected expenditure on the construction
fabric and com pensatory energy cost saving. In the study of the Atlantic College
renovation (Barch and Gillard, 2 009), h eat generated b y lighting and other
equipments and people was identified; peak demands projected; the most effective
insulation tactics (f rom air -tightness to heat-recovery) ide ntified; and ef fective
performance parameters for the heat pump calculated. Therefore, there are usually
three steps for BIM application in the renovation of existing buildings:

1. Survey for current state;

2. IFC compatible BIM Modelling for current state; and

3. Shifting and analysis using IFCs.

Current research is focu sed on the three aspects : the way for survey ing current
building state; the way for building BIM model based on surveys; and the way for

multi-disciplinary analysis with a single synchronized model.

2.3.3.2 Application of BIM in Sustainable Building

(Stumpf and Kim, 2009) An emerging area of interest within the A/E/C industry is
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designing sustainable build ings, as eviden ced by the increasing us e o fthe US
Green Building Council (USGBC) LEED® (Leadership in Ener gy and
Environmental Design) green building rating system. Green building (also known
as green construction or sustainable build ing) standards have seen a significant
rise in popularity , as evidenced by the United S tates Green Building Council
(USGBC) a nd the Living Building Cha llenge (LBC-Cascadia Green Building
Council). A ccording to the McGraw-Hill Construction An alytics’ Sm artMarket
Trends Report 2008, “the value of green  building construction is projected to

increase to 60 billion by 2010”.

Many contractors have started to specia  lize in sustain able design within the
industry to further delineate them selves from their com petition (Hardin, 2009).
Many code enforcem ent agen cies are looking at their ~ own standards and
implementing green standards into their code manuals for the industry. In the end,
every construction company will be required to adapt their organisation to comply
with any industry green standards being  adopted into building codes and local
ordinances around the world. BIM is a fairly recent technology for sustainability
design. The book Green BIM by Eddy Krygiel and Brad  Nies is dedicated
especially to BIM. It involves green construction, and design strategies and it is an
excellent so urce to dig more in depth into how proj ect team s are utilizing the

power of BIM to create a truly inform  ative tool throughout the design process

(Krygiel, 2008).

The LEED ( Leadership in Ener gy and Envi ronmental Design) m anual is a series

of credits th at provide s calable and real goals for new construction projects to
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attain. For LEED certification to be attained, the project team must achieve credits
from the fol lowing six categories : sustainable sites, water ef ficiency, energy and
atmosphere, m aterials and resources, indoor environm ental quality , innovation
and design processes. The Building Information Modeling (BIM) can be used in a
number of ways in relation to the LEED projects. It assists the construction
manager for more accurate procurement of materials and v erifies actual build ing
performance to th e es timated perf ormance using com patible m ulti-disciplinary
software. Moreover, as LEED measures a nd credits the project, the project team
can virtually construct a model and m ake better assum ptions based on the credits
the project is eligible for. The effort to construct a sustainable building improves

the life cycle process to follow a more integrated approach.

As Grobler (2005) presented, building desi gns (conceptual and detailed designs)
affect most of the life cycl e costs of the construction a nd operation of a building.
It is also worth noting that several re  searchers proposed to com bine Lean and
BIM technologies in order to improve the m odeling process in sustainable
development (Riley et al, 2005). Y ezioro (2008) conducted assessing building
performance using 3D CAD model for ener gy analysis in the early des ign stages.
(Stumpf and Kim, 2009) describes a process of exploring dif ferent energy saving
alternatives in the early design pha se using 3D-CAD/BIM technology . A
prototype ener gy modeling process was de veloped and tested on a construction
project of the Community Em  ergency Se rvice S tation a t Fort Brag g, North
Carolina, with a team led by the U.S. Ar my Corps of Engineers. Hardin (2009)
concluded that BIM can be used in pr e-construction, construction and salvaging

and recycling phases m ainly for material and site m anagement - such as m aterial
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selection and use, site selection and management in preconstruction phase, setting

of s ustainability pl an,j obsi tes urveillance and m aterial m anagement in

construction phase, and m aterial management for salvaging a nd recycling phase

(Table 2.1).

Phases Appli

Preconstruction Mater

Construction Setti

cation

arcas

ial

selection and

use

Site

selection and

management
System
analysis

ng  of
sustainability
plan
Job sit e
surveillance
Material
management

Utilisation of BIM file

To add i nformation to b uilding ¢ omponents for

further analysis and estimation

To add information to site components for further

analysis and estimation

To add i nformation to b uilding ¢ omponents for
further multi-disciplinary analysis later
To develop a model coordination and information

exchange plan

To teamed with ha ndheld tab lets to lim it travel

time and im prove ¢ onstruction managers’
efficiency;

To be used to create a list of potential issues using
Adobe A rcobat, Ma visworks, or s imilar RFI
software

To b uilt pr oject p hasing modelstos howth e

anticipated delivery date of materials on a job site

either thro ugh animation to thro ugh a series of
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stills
To estim ate the qu antities of materials, and

quantify one-time material needs for non-repetitive

work
Salvaging and Salvaging To establish Material BIM library
recycling Recycling To identify the location of bins and rolloffs;

To 1 imit the am ount of printed d ocumentation
on-site
Table 2.1. Application of BIM files in green building projects (based on “BIM

and construction management: proven tools, methods and workflows™)

2.3.3.3 Application of VDC in Civil Engineering

BIM has not advanced as quickly in civi 1 engineering as it has in architecture
(Casey, 2008). BIM promotes the coordination of different design disciplines (e.g.
structure, mechanical, fire safety) “inside” the building or literally under one roof.
Civil eng ineering’s domain has traditionally be en site spe cific or “outside” the
building. While with Th e success of the BIM concept within the building sector,
major CAD vendors are now trying to prom ote the same concept within the civil
structures area - such as bridges, earthwork, landscape, roads and highway design

and construction space management (Drogemuller, 2009).

(1) Bridge
The bridge software from Bentley ( 2009) has had good m  arket penetration,
especially in the US, but Autodesk have  just released brid ge extens ions to the

Revit Structure software (Mangon, 2009). Bentley has started using the acronym
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BrIM (Brid ge Information Modeling) in their marketing material. Consequently,

we can assume that BrIM will achieve a similar level of promotion as BIM.

(2) Earthwork

(Drogemuller, 2009) The preparation of Ga  ntt charts for structural projects
normally follow a logical sequence — by c onstructing the components that support
others first. This sim plifies the preparation of construction simulations to support
visual assessm ent of construction sc ~ hedules. Earthw ork projects do not
necessarily present the sam e underlying logic. When large amount of earth needs
to be moved and there are no obvious spatial or access co nstraints, the sequence
of excavation often com es down to pers onal preference. A Disney California
Adventure project was used to assess th e use of geom etry-based m odelling to
support 4D sim ulations (Akbas, 2004). Methods were developed to ensure that
there wer e no spatia 1 ¢ onflicts be tween the ac tivities nece ssary for th e project

across the lagoon, restaurant and roller coaster.

(3) Landscape

There is also research for information integration between BIM and application of
civil engineering and landscape design. This is not an area in which much work
has been done as the IF C model currently covers the building components that are
inside of the building itself. The intention was to extend the 12D civil engineering
software to support some of the inform ation exchange requirements as a proof of
concept (Drogemuller, 2009). One example is “interoperable standards” project of
CRC. At the first stage, each group of  civil engineers and landscape designers

provides docum ents that establish their inform  ation exchange needs. The n
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information exchange of ground surface data is conducted through the platform of
12D (civil side) and ArchiTerra (landscaping side). The result identifies a problem
- CAD system s and 12D use dif ferent approaches for modelling objects, and

conversion between two types of representation is a time-consuming exercise.

(4) Road and Highway Design

Pinnacle Cad is now emerging as a provider of BIM for road and highway design.

Designers apply software like “AUT OCAD CIVIL 3D” and “InRoads” to explore

what-if scenarios. They will optim ize proj ect performance for civil engineers in

designing facilities like br idges, roadways, sidewalks, and buildings. Many other

BIM software vendors also extend their ap plication in road and highway design

such as “Allplan road construction p  ackage” of Nem etschek and Autodesk

solutions for roads and highway . Com pared with solutions for building
construction, the enhancem ent of func tionality can m ainly be e mbodied by
following four points:

a) Terra modelling: To precisely model terrain reality. Every terrain m odel can
contain one or m ore layers of earth. Breaklines, line structures and fillets can
be defined as well in order to precisely match reality.

b) Automated generation of param etric 3D m odels of roads: Many kinds of
routes can be defined a nd can interactively appear g raphically on -screen.
Synchronously, site plan, longitudinal pr ofiles and transverse profiles can be
displayed and edited. Based on the pa rameters se tting, the p rogramme
automatically creates the basic 2D geom etry and  the correspo nding
dimensions for the predefined road plan such  as traf fic circle typ es. And

through param etric 3D m odels of auto mated generated road - transverse
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d)

profiles, perspective views and quantit ies can be m anaged. Profiles for the
road surface, slope and shape are all cont ained in a library where the s tructure
of the roads is stored profile by profile. Cants can be automatically calculated
or manually changed.

Quantities: T o satisf y the other functions dem anding ca used by outdoor
working, more functionality in relation to site management are developed such
as automated cut and f ill calculation, automated road volum es, surfac es and
finally segment lengths calculation as a basis for tenders.

Path sim ulation: W ith traf fic curre nt sim ulations, the process of designing
intersections, traffic circles and road openings can be visualized. For example,

you can check tight road details or even plan delivery by articulated truck.

The benefits can be concluded as four points:

a)

b)

d)

Design optimisation: Designing a roadwa y should take into account several
safety considerations, including the ro ad slope, turning radius and signal
location that are tied to roadway sp eed limitations. BIM provides a visual
environment which engineers can use to  get a more com plete view of the
project area.
Smart draw ings —m ulti-disciplinary analysis: Create proposed surf  ace
earthwork volumes, material totals, drafted cross sections, and more.
Traffic capacity , noise, lighting, drai  nage, and signage analysis are all
detected earlier in a project as part of the design process - well before
significant effort is invested in construction documentation.

Better inform ation handover: Provide as sistance for the creation of design

deliverables direc tly from the inf ormation m odel that can be lever aged for
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quantity tak e of f, construction seq uencing, as -built com parisons, and even
operations and maintenance to achieve an optimal roadway design.

e) Specific design dem anding: Provide cont ractors with 3-D proposed surf aces
for driving m achine control grading proj ects. This decreases surv ey costs,
minimize e quipment operating costs and saves tim e and m oney during

construction.

(5) Construction Space Management
As a critica | source at construc tion sites, increasing attention has been paid to
using IT technology for space m anagement. A lot of research has been made to
develop sp ace-scheduling strategies to eliminate spatial  conflicts between
activities. W hile in or der to m odel space management processes and apply it to
more stand ardized ap plication, itisn  ecessary to form alize ontology for
time-space features of cons truction space. (Akinci, 2002) formalised tim e-space
conflict analysis as a classification task and developed tax onomy of ti me-space
conflicts are to be used in categorising and prioritizing the spatial conflicts. Six
types of spaces were identified based on  space attributes o f when and where it
exists, who and how much volume it occupies as follows:

1. Building component space;

2. Labor crew space;

3. Equipment space;

4. Hazard space;

5. Protected space;

6. Temporary structure space.

Then a construction time-space analysis process was automated by three steps:
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1. Detection of spatial conflicts in all x,y.z and time dimensions;

2. Categorisation of detected conflicts according to taxonomy;

3. Prioritisation of conflicts categorized when conflicts appeared between the
same activities. Th ey also im plemented these form alisms in a prototyp e

system-4D WorkPlanner Time-Space Conflict Analyzer (4D TSConAn).

2.4 Product Model Delivery

As described above, integrat ion design based on BIM appl ication is hot spot in
research toward BIM nowadays. Many of the BIM tools used to support
mechanical, engineering design are not di rectly acces sible within a BIM m odel
itself; therefore, data needs to be exported to another application or imported from
a data source. In this vein, interoperabi lity among those programm es is essential
for the integration application of BIM. Interoperability is de fined as the seam less
sharing of building data between multiple applications over any or all life cycle
phased of a building’ s development. And there is a growing industry standard
called Industry Foundation Classes (IFC) that has been created as an open source
and most BIM tools on the market can export to an IFC file type; besides IFC, the
Green Building XML schema, referred to as “gbXML”, is also used to facilitate
interoperability between BIM models. While the only open global standard is that
published by the International Alliance for Interoperability (IAI) called IFC. And
software that can support the exchange of BIM model through the IFC file format
can be called as IFC-co mpliant software, there are also software can o nly read
IFC f ile f ormats indir ectly with th e help of m iddleware tools. Based on
interoperability file formats and their compliant software, information of BIM can

delivered, modified and re-used during whole build ing life cycle. Dif ferent
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functionality can be re alized dur ing this integration process, such as design

optimisation, lif e costs and env ironmental im pact ¢ ontrol, and f acility
benchmarking. Detail infor mation about intero perability file for mats, information
delivery whole building life cycle and co mpatible sof tware applica tions are

described as follows.

2.4.1 Interoperable File Formats

2.4.1.1 AutoCAD DXF/DWG:

DXF (Drawing Interchange Format, or Drawing Exchange Format) is a CAD data
file form at and was developed by Autode sk for data in teroperability between
CAD and other programmes. DWG is a more common and widely used format for
data interoperability, since certain object types such as solids, regions and blocks

are not documented or partially documented in DXF’s for commercial developers.

2.4.1.2 GbXML (Green Building Extensible Markup Language)

The green building X ML schem a was devel oped to f acilitate the transf er of
building inf ormation stored in C ~ AD buildin g inf ormation m odels, enabling
integrated interoperability between b uilding design m odels and a wide variety of
engineering analysis tools and m odels available today. It facilitates the transfer of
building infor mation including pr  oduct characteristics and equipm ent
performance data between manufacturer’s database, CAD applications and energy
simulation engines. It carried a detailed de scription of a single building or a set of
buildings for ener gy analysis and simulati on. This file form at is widely used by
manufacturers such as Autodesk, Graphisoft and Bentley for data exchange. Table

2.2 shows the hierarchy of information organisation in the gbXML schema.
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Component

Campus

Building

Zone

Space

Surface

Opening

Characteristics

A group of buildings that are
geographically similar
One building

Agr oupofr oomsl ocatedi na
building that are serves by the same
HVAC plantor V. AV box. E ach
zone m ay contains a group of
spaces (or rooms) t hat have their
own unique set of  char acteristics
such as simi  lar or ientation or
temperature set point
Aroomdefinedbyitsownsetof
walls, ceiling, and/ or roof. A space

may be an of fice, conference room,

warehouse, or any other entity
A wall, floor, ceiling, or roof. Each
space (or room) will h ave its own

set of surfaces

Opening in a s pace, such as a door

or window
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Information that it
carries

Id, nam e, description,
location

Id, name, description,
street add ress, sq uare
area, its spaces

Id, nam e, description,
flow, airf low changes
per hour, flow per area,
flow per person,

outside air flow

Id, nam e, description,
infiltration flow ,
number of people,
peoplehea tga in,
lighting power per area
Id, nam e, description,
construction type ,
geometry, and any
openings

Id, nam e, description,
u-value, shading
coefficient,
transmittance,

reflectance



Construction A type of com posite constr uction Id, nam e, description,
type that makes up a w all, roof; ceiling, u-value, abso rbance,
or floor roughness, reflectance

Table2.2. Hierarchy of information organisation in the goXML schema.

2.4.1.3 IFC (Industry Foundation Classes)

IFC is dev eloped by the IAI ( International Allianc e f or Interope rability) to
facilitate interoperability and is an open data exchange form  at that is used by
model based applications to exchange data (Khemlani, 2004). It is an international
standard tha t sto res bu ilding da ta in a databas e, perm itting inf ormation to be
shared and maintained throughout the life cycle of the construction project. That is:
design, analysis, specification, fabrication, construction and occupancy (Khemlani,
2004). The IFC m odel consists of tangibl e components such as walls, doors,
beams, and furniture, as well as the m ore abstract concep ts of space, geom etry,
materials, finishes, and activities. There have been several releases sin ce IFC was
first launched in 1997, starting from IFC version 1.0 to the IFC 2x2, the seventh
version. In order that a programm e is [FC compatible, that is, it is able to im port
and export IFC files, itn eeds to be “IFC certified”. The IFCm  odel is posted
online and provides a f ramework for softwa re developers to incorporate the IFC
import and export capabilities within their programmes. The IFC is organized into

sections that address different core areas and domain areas.

The IFC Model architecture for 2x3 cons ists o f the f ollowing 4 laye rs (Figure
2.5):
(1) Resource layer: the resource layer form s the lowest layer in IFC architecture,

this layer provides com mon resources th at are used by classes in the upper
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layer. For exam ple, all inform ation ¢ oncerning basic con cepts of co sts is
collected in the costs chema, ifcCos tResource in the re source layer . Any
classes in the core, interoperability or domain layer that need to use cost will
reference this source. (Eastman, 1999)

(2) Core layer: the core lay er forms the next layer in the IFC model arch itecture.
Classes that are defined in this layer can be referenced by the classes in the
upper layer, that is, interoperability and domain layer. This layer included two
levels of generalisation- the Kernel and the core extension (Eastm an, 1999).
The Kernel schem a defines the most ab stract part of IFC architectu re and
defines objects and their relationships . Core extension includes generic
concepts, for example, the “product extension” contains the classes of objects
that make up the physical description of a building; such as generalisation for
walls, space and roofs.

(3) Interoperability layer: the layer defines concept or cla sses common to two or
more domain models and enables interoperability between them. For example,
these include building elements and building services (Eastman, 1999).

(4) Domain layer: this layer is the domain specific application layer, and supports

application used by architects, engineers and contractors.

38



IFC models concerning
FM-related issues

Building Plumbing fire Structure Structural
control praotection element analysis —ichac‘rlityMgmtDumain
Comain domain Domain domain -ifcShared MamtElement
-ifcShared Facility Element
-ifcProcess Extension
Fun:tionality HVAC Electrical Architecture Construction Facility
independent Domain Domain Damain managament Megmt
& damain Daomain
domain
o l shared Bldg Shared Shared Shared Shared
= Service component building fManagement Facility
Concept Elament element element Element element
2
g T
o
a
=%
[y
resource used Control Product Process
for AEC/FM Extension extansion extension
domain
a
e
-
b Kernel
=%
G
Globally-used
concepts
Material han External Geometric  Geometrical deumite Material Nt Cost
property Reference  constraint Madel
Resource Resource Resource Resource Resource
resource Resource Resource Resource Resource
&
= Material Mzterial Mzterial M aterial Material Material
Propery Property Propery Property Property property
resource resource resource resource resource resource
IMaterial M aterial Material Material Mzterial M aterial Material Material IMzterial Material
Fundamental property property property property property property property property property property
resource resource resource resource resource resource resource resource resource resource
Concepts

Figure 2.5. Hierarchy of information organisation in the gbXML schema.

Based on the inform ation above, infor mation that is carried by a DXF file is

rudimentary, and prim arily consists of geometric information represented by the

drawing. gbXML files carry more information than mere geometry (area, volume,

cartesian po ints, co -ordinates) and include def initive inf ormation pertaining to

hierarchy o f com ponents such as Ca mpus, Building, Z one, Space, Surface,

Opening and Construction types. The inform ation carried by the IFC file is also

comprehensive, which carries geometry inform ation as well as that en compassed

by type and instance parameters defined by the user in the building model.

IFCs, as a whole-building life-cycle interoperable schema, allow data exchange of

every aspect of buildings. However , gbX ML, as its nam e shows, “extensible

markup language for green building”, fo  cuses m ore on building therm al load
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properties. This has made it easier for a wide variety of vendors to m ake their
tools gbXML-compatible. Simply, from a thermal analysis point of view, gbXML
is superior to IFC. However, from a whole building life-cycle points of view, IFC

allows for more information.

2.4.2 Information Delivery of Whole Building Life Cycle

In the CIFE project PM4D, the application of BIM brings benefits to processes of
conceptual planning, construction docum entation and design, the research focus
ondata s haringand m ulti-disciplinary an alysis (which are based on
object-oriented product models and the IFC  interoperability standard). The IFC
standard m akes interdisciplinary data exchan ge between 3D geometric and
non-geometric data come true. For exam ple RIUSKA imports 3D geom etry and
spatial data from ArchiCAD, then exports thermal data via IFC to MagiCAD for
mechanical design. After engineers have  optim ised the HV AC system with
MagiCAD they exports another IF C file which will then be im ported into a 3D
architectural m odel as well as 4D m odel application. COVE m aps calculate
internal costs and resource database, as well as export IFC files for scheduling and
cost estim ating. CIFE’ s 4D team th en im port IFC files through m  iddleware
software BSPro and 3D geom etric data from the architects, contractors and
engineers for 4Dsim uilation. BSLCA and BS LCC can im port architect’s IFC file
through BSPro for life cycle st udies. The project also identifies the shortcom ings
of IFC interoperability that were caused by IFC-supported software and
middleware. Problems also em erge during inform ation delivery process such as
geometric misrepresentations; loss of obj ect infor mation; confusion of re-input;

and loss of parametric object information.
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In the project of “Adopting BIM for FM-solutions for managing the Sydne y
Opera House”, to dem onstrate the feasibility of IFC-based data, Arup’ s structural

model has been exported from Bentley’s Microstation in IFC format

2.4.3 Software Applications for Integration Design Based in BIM Application

A wide variety of software applications have been developed to support design of
the whole building lif e cycle including ar chitectural, m echanical, en gineering
design, FM/AM management, civil engineering design and sustainability analysis.
Study shows there are little  initiatives have been ¢ onducted to apply BIM to
analysis related to envir onment impact of building design strategies, therefore an
experiment of trying to apply BIM to building therm al comfort and ener gy
consumption study can be a starting point of integrating to BIM every aspects of

building performance analysis.

In this study, “Building Performance Analysis” (BPA) tools means applications
which can support this kind of analysis a nd at the sam e time interact with BIM
application direc tly o rindir ectly. A wide varie ty of Building Per formance
Analysis (BPA) tools have been develope d, enhanced, and applied in Sustainable
building design (S tumpf, Kim et al. 2009). Examples of these tools are BLAST ,
EnergyPlus, eQUEST, TRACE, DOE2, ECOTECT and Green Building S tudio
(GBS). GBS (Autodesk, 2008) is a web-based service th at works with a gb XML
file exported from various BIM applic ations including ArchiCAD, Revit and
TriForma (Beta version). It uses the building information to perform an ener gy
evaluation with established tools such as DOE-2, eQUEST , and Ener gyPlus. It

allows various changes in design altern  atives to the build ing design (such as
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orientation, glazing, roof and wall cons  truction, lighting, and HV AC) to be

quickly analyzed to determine which options are the most energy-efficient.

2.4.3.1 Ecotect

Ecotect is a building design and environmental analysis tool that covers a b road
range of simulation and analysis functi ons required to unders tand how a building
design will operate and perform. ECOTECT is unique in that it combines a highly
graphical in terface with a broad range of analysis too Is. The types o f analysis
directly available within the sof tware are shading, shadows and reflections, solar,
lighting, thermal, and acoustic. The target audience are architects in the schematic
and design developm ent phases. Its app ealing interface and output are one the
reasons for its wide app  lication. A clim ate analys is m odule packaged with
ECOTECT, W eather Manger, provides clea r diagram s of clim ate i nformation
which can be derived from several weat her file f ormats. W hile it pe rforms a
multitude o f analyses, the therm al, acoustic, dayligh ting and the calculation
methods it utilizes lack sufficient detail for reliable investigation. They m ay be
adequate for the earliest stages of design, but intensive analysis required for useful
design development must be done in other software. ECOTECT addresses this by
offering the ability to export to severa | popular analysis for mats, but specific
modeling conventions must be followed for each for mat type, limiting the ability
to m ove one m odel freely am ong different tools. Modeling conventions also
required for each analys is also m ake it diffi cult for one model to be used for all

calculations within the tool as well.

(1)Information Input, Edit and Delivery
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The interface of ECOTECT is controlled throu gh a series of tabbed views each
with a specific function for setting up, cr eating, viewing and analyzing the m odel.
The drawing interface, or 3D EDITOR tab, is the most CAD-like of th e analysis
tools evaluated in this study. W ith butt ons activating comm ands such as line,
plane, and zone to generate the geom  etry of the m odel. This is also where
windows, doors and o ther op enings are assigned to su  rfaces. There is a
parent-child relationship between surfaces and the opening s that are co mmon in
other analysis tools. In ECOTECT this relationship must be explicitly modeled,
whereas in Energy-10 and eQUEST, itis  autom atically generated. When any
object is created a def ault set of m aterial pro perties are assigned to it. These
properties are requ ired for every an alysis, and the default types can be changed
from a m enu of existing m aterial defini tions. Custom materials can alsob e
defined by the user, but becaus e ECOTECT uses a thermal calcu lation m ethod
peculiar to England (the Admittance Method) some of the properties re quired are
difficult to obtain for uncommon m  aterials. T he 3D EDITOR tab provides a
wireframe view of the model, and this is the only view in which the geom etry and
object prop erties can be edited. The VISUALIZE tab displays an OpenGL
rendering of the m odel and is used for m ost of the analysis of shading, sun-path

and sun-penetration.

The Ecotect m odel has a range of im port and export capabilities. The Ecotect
model can be exported to a host of pr  ogrammes including website-based tools
Autodesk Green Building Studio (*.gbXML), lighting simulation software like
Radiance(*.RAD, *.0OCT), ray-tracing programme like POV Ray(*.POV), VRML

models(*.WRL) and even therm  al sim ulation and analysis sof  twares lik e
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EnergyPlus(*.IDF) and HTB2(*.TOP). It can export AutoC AD (*.DXF)files and
DOE-2 Input files(*.INP) as well a range of others. Ecotect can im port files that
carry geometr ic inf ormation as well as genera 1 data f iles. Som e of the f iles
carrying geometric information that it is able to import include AutoCAD drawing
files, (*.DX F), Lightscape(*.LP), Li ghtwave (*.LW O) and VRML (*.WRL)
Some of the gener al dataf iles that it imports inc lude Green Building
XML(*.XML), ASCII model files(*.MOD), En ergy Plus Input Data files(*.IDF),
Weather data files(*.- WEA) and Ra diance Scene files(*.RAD), while Ecotec t is

not yet an IFC compliant.

(2)Energy Loads and Data Analysis

Ecotect u ses the Chartered Ins titute of Building Services Engineers (CIBSE)
admittance method, an internationally rega rded method used by building services
engineers and designers. (Ecotect n.d.) In the admittance method, the temperatures
and load calculations are two separate  processes. Once detailed hourly internal
temperature is known, a second calculation is performed to determine the absolute
heating and cooling loads. Ecotect calculates heating and cooling loads, which are
essentially room loads (and not plan t loads) for a space. Plant loads dep end upon
the efficiency of the system ; for the sam e space load requirem ent, an inefficient
system may require far greater loads than efficient system. The user can set a host
of ther mal properties in Ecotect rangi ng from type of HVAC system and its

efficiency, the thermostat range, occupancy, internal gains and infiltration rates.

(3)Output

While the ease of m odeling and access to multiple ty pes of analyses m ake
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ECOTECT an attractive tool for designers, the manner in which it displays results
is the most valuable feature of the software. Tabulated data can be exported to the
programme Excel for post processing. Gra phs of data for th e various analyses
map the inform ation in clear, alm ost expressive formats. With the analysis grid ,
the results of several ty pes of analysis can be displayed in conjunction with the
geometry being measured, or represented directly on the surfaces themselves. This
also applies to the u se of data from some of the third party tools that E COTECT
can generate exported files for. Most notably is Radiance lighting software, which
can provide accurate simulation of dayligh t and artificial li ghting. An additional
feature is th e ability to quickly sav e the results of all analysis in both of raster

(.jpg, .bmp) and vector (.wmf) formats for editing in graphics software.

In conclusion, ECOTECT is the clo sest to a one tool solution for providing early
phase performance analysis to designers. Its ease of input, ability to import several
types of geom etry, clear graphics, ability to ex port re sults for presentation and
evaluation, and its ability to m odel inform ation for use in more advanced tools
show it to be a su itable starting p oint for the integration of simulation into the
design process. Some aspects of a building design, i.e., those dealing with shading
and solar control, can actually be refine d to a high level within ECOTECT alone.
But m any of the analysis m ethods lack the rigour or rely on overly sim ple
calculations that m ake them insuff icient for use in final perform  ance design
decisions. ECOTECT attem pts to address this with the ability to generate severa 1
file formats for more complex simulation tools. Aside from the Radiance interface
for lighting studies though, most formats require such strict m odeling protocols

that their use is lim ited. As a starting point for designers looking to im prove
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building performance from an energy and com fort standpoint, these shortcomings
do not outw eigh the benefits of the anal ysis feedback ECOTECT can provide, as
long as the designer knows when the lim its of the tool have b een reached and can

turn to the appropriate methods for future development.

2.4.3.2 IES<VE>

IES <VE> Integrated E nvironment Solutions is a software system for integrated
building perform ance analysis, providi ng tools for therm  al analysis, value
engineering, cost planning, life cycle an  alysis, airflow analysis, lighting, and
finally occupant safety in one unif  ied system (Khe mlani, 2006). IES <VE>
contains the Integrated Da ta Model or IDM, which ¢ aptures all the inf ormation
about the building, including the geometric data that is needed to carry out a range
of analyses. The m odel is created inside the “Model IIT Building modeler” that
contains a number of 3D sh ape options that can be used to create room s (Kumar,

2008).

(1) Information Delivery Capabilities

3D geometry can be imported straight from CAD or Revit packages using gbXML.
Materials and constructions can be select ed from a built in database called the
Apache construction database. The programm e also con tains a building template
that automatically assigns information to the model, and may include occupancy
profiles, co nstructions, surface co lors and building con trol inform ation. These
values can be edited in  the build ing tem plate m anager. The site loca tion and
weather data can be selected from a database in the ‘ApacheLocate’ engine while

the ,,Apache Systems feature simulates HVAC systems.
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(Kumar, 2008) IES<VE>, unlike Ecotect, is unable to im port a large number of
file formats and the primary import format it uses is gbXML. The IES file is saved
in a number of folders apart from the main *.ve file - such as apache, lights, cfd,
macroflo, Radiance and suncast correspondi ng to the various IES applications.
Interoperability takes place inth e form of data exch ange betwee n severa 1
applications exis ting in side the p rogramme. For ins tance, the in tegrated da ta
model(IDM), can be used f or thermal sim ulation in ApacheSim applica tion and
for more detail HV AC analysis in ApacheHVAC. ApacheLoads can als o predict
air supply rates that are used by the IndusPro duct sizing m odule application. The
effects of therm al shading can b e im ported from the SunCast application to

enhance heating load calculations.

(2)Energy Loads and Data Analysis

(Kumar, 2008) The IES <VE> engine called ‘Apache loads’ uses the procedures
laid down by the American Society of Heating Refrigeration and Air-Conditioning
Engineers (ASHRAE) “Heat Balance Method ™ to calculate the design heating and

cooling loads. These calculations us e the IDM to undertake two principal

calculations:

1. Steady state heat loss calculations to predict the heating requirements for the
building;

2. Heating loads calculation, to predic  t the building cooling requirem ent.

(IESVE)The heat ga in calculations and cooling load calculations can be
performed for a selected design day of the week, and for a range of design

months. Load resu Its are available in both graphical and tabular forms
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Unlike Ecotect, which gives prim arily annual and peak loads, the results

for calculation are quite comprehensive in IES<VE>.

2.4.3.3 eQUEST

eQUEST is a graph ical interface to the DOE-2 analys is engine, which is one of
the m ost robust sim ulation tools availabl e. It can be used to dem onstrate
compliance with California Title 24 and ASHRAE 90.1 standards for building
performance. As such, it has becom e a standard of perform ance analysis for
projects pursuing LEED certification. It is similar to Energy-10 in its interface and
methodology, but does not have the lim itations on size and com plexity. The
geometry of the building can be mode  led as designed, although it is best to
simplify as much as possible for analysis . System zoning and controls sequences
can be highly refined and there are dozens of system types available to sim ulate.
Other features include the ability to  perform daylighting calculations and link

these to lighting controls to determine energy savings.

eQUEST also offers the ability to pe rform batch sim ulations incorporating
multiple parameters for aspects of the building envelope and system design, called
Energy Efficiency M easures. Thes e can then be used to analyze “what-if”
scenarios. Batch processing allows for the iterations to run automatically which is
a significant i mprovement over Energy-10, which requires the param eters to be

manually changed, re-simulated and reported.

(1) Input

eQUEST offers three stages of model development. Beginning with the Schematic
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Design wizard - information about building use, location and utility rates are input
though a series of drop down menus and da ta fields, sim ilar to Energy-10. The
building footprint and zoning can also be developed by tracing an im ported .dxf
file. Each window in the wizard asks for a different function of the building to be
input. W hile it is called the Schem  atic Design W izard, the level of detail
requested in each field seem s to suggest th at eQUEST is best started after some

consultation with the project’s engineers.

The next phase is the D esign Development Wizard, which again uses a series of
pull downs and data fields. The DD wizard expands the number of syst em types
available and allows for the m odification of schedules and more detailed input of

envelope information and controls set points.

The third phase of building a model in eQUEST is through the Detailed Interface.
This give the modeler access to every aspect of each component in the model and
allows for fine tuning of the inputs to make the simulation as accurate as possible.
For the nature of the cube exercise, only the schematic design wizard was utilized,

accepting several default values through the process.

(2)Output

The initial output eQUEST delivers provides a breakdown of energy consum ption
by end use for the design. W hile this provides a quick overview of the
performance of the model, the most valuable information lies in the one thousand
plus pages of charts and tabulated data with inform ation on everything from total

annual electric and gas consumption to daylight levels in skylight spaces and even
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static pressures for every air handler. While the cube exercise does not exploit this,
in a building with dozens of systems and multiple zones within each system, this
becomes a tool that allows a knowledgeab le designer working in conjunction with

a good engineer to create a highly refined design in terms of energy efficiency.

In conclusion, eQUEST is the benchm ark for whole building sim ulation, with
decades of developm ent and thou sands of users prov iding each oth er support
through online listing. While it claim s to be an easy to use design tool, the
complexity of the tool requires knowle dge of building system s and perfor mance
characteristics that the typical designers do not have. That said, anyone with this
knowledge can system atically construct a thorough representation of a design as
well as sev eral iteratio ns for analysis and expect reliab le results to form good

design decisions.

2.4.3.4 DOE-2 and Green Building Studio (GBS)

DOE-2 is a free energy analysis utility ~ created by the Departm ent of Energy.
Unfortunately, this programme is not very user-friendly. Green Building Studio is
a web-based appliance recently bou ght out by Autodesk on June 26, 2 008. GBS
uses a gbX ML file type export form Revit. GBS is a graphic user interface that
wraps arou nd DOE-2 and creates am ore user-friendly environm ent. Certain
parameters are entered (global position, season, energy cost) and GBS creates a
tabulated energy analysis. This is based off the parameters entered and calcu lates
information from DOE-2. While besides a graph or two, all the inform ation is not
visual.

Ecotect is designed to be used for early energy analysis. This programme provides
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better utility and visual data than G BS and DOE-2. This programme also recently
became part of the Autodesk family along with GBS. The programme has a “wide
range of perform ance a nalysis functi on...but its m ain advantage is a focus on
feedback at the concep tual buildin g desi gn stages.” The aim of Ecotect is to
provide useful feedback in a visual and interactive environment. Calculations may
not be precisely accurate at a pinpoint le vel, and som e assumptions or averages
are used to sim plify calculations. The programme is not designed around highly
accurate models (but can use and export formats where more detailed analysis can
be perform ed). It appears that Ecotect will be a good choice for architect and

designers, early usage proves to help prioritize energy efficiency

2.5 Summary

This chapter aim s at concluding the re search areas and technology character of
BIM, It has provided the theory basis for the following case study . The emerging
application field, technology research fo  cus and application tools have bee  n
compared and discussed. Ecotect, e(QUE ST and GBS were used for tests in

chapter 3.
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CHAPTER 3: RESEARCH METHODOLOGY

3.1 Introduction

This chapter sets the research desi gn and m ethodology adopted in the current
study. Programm es involved includ e Revit A rchitecture 2010, Ecotect 2010,
eQUESTS3-5, Green Building Studio (GBS). The aims of this exercise are:

1. Three file form ats (DXF, gbXML, IFC) : Inf ormation los s during de livery
process;

2. Four programmes (Revit Architectur e, Ecotect, e(QUEST , and GBS):
significance and barriers of product model sharing am ong the program mes;
and

3. Two analysis (therm al comfort, ener gy consumption of building envelope
design): application-specific input/ output for imported model.

To approach the th ree aims of the exer cise, two experim ents were d esigned as

presented in 3.2 and 3.3.

3.2 Test I — Product Model Delivery

To figure out the problems and difficulties of product model delivery among BIM
and BPA tools. Two processes need to be identified:

(1) Procedures for product model delivery from BIM to BPA tools

(2) Information delivery from the BIM tools to ward the BP A tools. Inf ormation
occurring during the transfer is supposed to be com  plete, understandable and

ready to use by receiving applications;
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The test consists of the three procedures:

(1) Three building models, with all its geometry and data about materials and their
behavior, were built in the BIM tools Rev it Architecture. One is a detail-designed
house with furniture and topography; the second is a less-detailed seven-storey
residential b uilding; and the las tone is a 33-s torey Y -type residen tial building
with same detail level. The first two were used to test information delivery among
those programmes, and the last one wa s used to conduct building perfor mance
analysis in Test II;

(2) The second step consisted of exporti ng three models from Revit Architecture
and im porting them into Ecote ct. Three in teroperability f ile f ormats (DXF ,
gbXML, IFC) were used and information loss during the delivery were concluded
(3)The third step consisted transfe rring gbXML into INP through Ecotect and
GBS, then INP model was im ported into eQUEST and infor mation during this

delivery were concluded

3.3 Test II — Building Performance Analysis with Imported Product Model

In Test II, two analyses are conducted in Ecotect and eQUEST separately. One is
for thermal comfort, and another is for energy consumption of dif ferent building
envelope design strategy . T o identif y problem s of perform ing building
sustainability analysis based on sharing pr oduct model), two processes need to be
identified:

(1) Application-specific input for imported model

(2) Application-specific output and interpretation

(3) Procedures of product model delivery fr om BPA to BIM tools. The type of
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data that can be actually transferred back to the BIM tools is of a m uch more
limited nature, such as bitm apped files and sp readsheets w hich need to be

interpreted, manually handled or inserted into the original BIM systems.

Thermal comfort is a condition of m  ind which expresses s atisfaction with the
thermal environment. In this section of study, the Predicted Mean Vote (PMV) is
used to evaluate the thermal comfort level in a typical floor during typical summer,
winter and m id-season (spring or autu mn). The Predicted Mean V ote (PMV)
model uses heat b alance pr inciples to r elate the six key f actors f or therm al
comfort. The calcu lated PMV m ay fall into se ven catego ries which de fine the
thermal sensation (comfort level) as shown in Table 3.1. According to ASHRAE
hand book 2005, the input param eters and a ssumptions are listed below for the
calculation of PM'V in different seasons. The software “ECOTECT” is utilized to

perform the Dynamic Thermal Modeling (DTM) for the building.

PMV Thermal sensation scale
+3 Hat
+2 W arm
+1 Slightly warm
0 Neutral
-1 Slightly cool
-2 Copl
-3 Cold

Table 3.1. ASHRAE thermal sensation scale.

To develop an optimized strategy for building envelop design based on annual AC
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system electric consumption, a proce ss known as' elimination param etric' was
referenced to, to design the experiment. Th e effects of one factor in the buildings
performance (e.g. insulation, glazing, internal gains) are “elim inated” from the
model by setting its contributing value ri ~ diculously high or low to see how it
effects energy use (Bulter, 2008). F or instance, to see if the area ratio of window
to wall (w w%) is a prim ary contributor to annual electrical consum  ption for
heating/cooling, a param etric run is done with the ww% set to 100%. The
difference in annual electric consumption between this m odel and the base m odel
are com pared to see the ef fect. This can be done for several attributes, e.g.,
exterior wall therm al insulation, solar ra diation absorbance of exterior wall,
categories of glazing, and shading system . The results are m apped against each
other. The actions that produce the most significant changes indicate that tweaking
those attributes with realistic values in the base model will have the greatest effect.
Finally, a integrated strategy was reached by combing the attributes together , and
the resu lts of this strategy were com pared with the base case, and contribution
percentage of each attribut es were calcu lated and m apped to give the designer a

great insight on where to focus their design efforts for energy reduction.

3.4 Summary

This chapter describes methodology of the study including the aim, processes and
procedures of the tests. Three file formats involved, nam ely DXF, gbXML and
IFC; Four programmes were applie d including Revit Architecture2010,
Ecotect2010, eQUEST3-5, GBS; analysis for therm  al comfort, ener gy
consumption of building envelope design were designed based on function of

Ecotect and eQUEST.
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CHAPTER 4: IMPLIMENTATION

4.1 Test I — Product Model Delivery

Based on th e literature review, product m odel delivery paths were estab lished as
shown in Figure 4.1. T est programmes included Revit Architecture 2010, Ecotect
Analysis 2010, eQUEST 3-5 and Green Building Studio (GBS); three models with
different detailed levels were estab lished in Revit: Mode 1 A is a detail- designed
house with furniture inside and topogr aphy outside (Figure 4.2), Model B is a
less-detailed seven-storey Y -shaped residen tial b uilding with only walls, floors,
windows and room s (Fi gure 4.3), Model C is a 33-storey Y -shape residential
building with sam e detail level with B (Figure 4.4). They were exported from
Revit Architecture as D XF, gbXML and IF C file formats and were im ported into
Ecotect separately. Then, the INP file format was generated by Green Building
Studio (GBS)/ Ecotect with gbXML, th  is f ile was im ported into eQUEST .
Information losses during the delivery process were identified. Moreover

significance and barriers of product model sharing among those programmes were

concluded.
BIM Interoperable Environmental
application file formats analysistools
BIM
Rvt
Ecotect §
Rfa
VRML models |
Revit DXF
Architecture gbXML [ EnergyPlus & HTB2 |
IFC
ODBC
DWG
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Figure 4.1: Data transfer steps based on literature reviews

4.1.1 Tested Models

Based on the research of Kum ar, dif ferent in teroperable file form ats can only
deliver limited information of BIM models. DWG is widely used form at for data
interoperability such as solids, regions and blocks; gbXML (Green Building XML
schema) tar gets to exc hange inf ormation to engineering analysis; and IFC
(Industry Foundation Classes) has wider  scope to support whole building and
facility industry through the whole life cycle of a building. To figure out how the
information can be delivered am ong the four programm es based on those three
file f ormats, three m odels were built b ased on BIM standards an d libr ary

components of The Housing Authority (HA) HK.
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Revit Architecture.

4.1.2 Mode Preparation and Export

The re-or ganisation of inform ation in r eceiving software application is lar gely
depends on the sp ecific environments and interfaces of the software its elf. In
Ecotect, bounding elements, e.g., wall, floor , ceiling, and ro of, are converted to
2D surfaces, openings such as win  dows, doors and skylig hts are con verted to
sub-elements of those bounding elem ents, and overhangs and balconies that do
not directly connect to r ooms are considered as layer of shading surf aces. The
volume of zone is essen tial for thermal and energy calculations. In Revit, rooms
are the equivalent of zones and need to be defined for exporting a gbXML or IFC
file. It is important to m ake sure that th e rooms are corr ectly defined in Revit.
Overlapping or non-fulfill of the room s should cause errors when export a
gbXML or IFC file. To make sure that all the rooms are bounded to floor, wall and
roof, several steps need to be taken: 1) setting the upper lim it of a room as the
same as the upper lim it of space in the model; 2) setting enough slitting lines to
cover the whole plan, and displaying room  ‘interior fill’ color in every section,
then adjusting blue space to the bounding of roof and floor. Whether the rooms are

properly set can be also checked in the export dialogue box (Figure 4.5).
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Figure 4.5. Export gbXML from Revit Architecture.

4.1.3 Model Import

4.1.3.1 ECOTECT

Model A, B, C were successfully imported into ECOTECT with DXF and gbXML
file formats, while the re seems to be still som e problems with the ex terior wall
and roof placem ent, especially for Model A (single room ). This could be partly
caused by model or ganisation of gbXML file in Ecotect. Usually components
which bound or shade the space can be correctly transferred, while other
components such as colum n, overhang, tile , curtain wall were assigned to the
layer of external shading, and m istakes like dislocation, overlap and loss of those
components m ay happe n. W indows and walls were separated, therefore extra
works like opening windows and adding roof s need to be done before building
performance analysis. To acquire a correct imported model, it’s essential to keep

the model for importing as simple as possible to avoid mistakes after importing.

Information delivered by DXF and gbXML are different. Based on Figure 4.7, it is

clear to see that furnit ure and typography were not included in the gbX ML/ IFC
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file in Ecotect. This inf ormation is not essential for the particular sim ulation of
this research, while it m ight have been vital for running an acoustic sim ulation.
However, DXF cannot deliver “room s” to Ecotect which is e ssential to

environmental analysis. Moreover , the elem ents in DXF files are recog nized as
independent lines or triangular m eshes, which are recognized as com plete walls,
floors wind ows by gb XML and IFC file. Th at’s becau se of data structure of

interoperability file formats themselves, DXF is a CAD file formats developed for

geometry information delivery, while gb XML /IFC are deve loped to facilitate the

transfer of building information among compatible software applications
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Figure 4.7. Model AB, gbXML to ECOTECT.
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Figure 4.8. Model AB, IFC to ECOTECT.

The imported IFC file produced faulty models in Ecotect, the floor and roofs were
dislocated (Figure 4.8). Part of the reason is because IF C support is only at beta
stage in this release of Ecotect, therefore ifcSpace data and complex curves may

not transform correctly.

4.1.3.2 eQUEST

eQUEST does not prov ide any BIM interface directly. The only way to import
3D-geometry infor mation from a CAD programm e is using third party
programmes. Green Building S tudio (GBS ) and Ecotect which can  tran sfer

gbXML file into DOE-2 input file were used in this test.

The delivery of Model B from ECOTECT to eQUEST last over 24 hours, and the
INP produced a false model in eQUEST , with only windows shown in a wrong
spatial relationship. The wall, roof and fl  oor were not successfully transferred
because of certain mistakes. With the same gbXML model exported from Revit, a
INP file was successfully generated for c(QUEST, this proc ess lasted for half an

hour and produced a model in eQUEST with right geom etry and m aterial
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information (Figure 4.9). While it was found that the import of the m odel hinders

the actions in the programme itself. Provided that the model is imported, eQUEST

will disable the wizard functions.

{3} gbs_squest - eQUEST Quick Energy Simulation Tool

Fle Edt Vew Mode Took Hep

D e S eT v @ S =

i

TRy

8B b WX Flo's

Froject B Site Buiildirng Shell Intermal | oads ¥ -2 AL Ar-Side HVAL Uity B Economics

%\ Building Creation Wizard
& Enar
i

Efficiancy
+ Whzard

i

|| Simulate Building

&3 Performance
el el parform Complianca
Analysis

4 Review Simudation
Hasults View

e

Figure 4.9. Model B, inp to eQUEST from GBS.
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Figure 4.10. Model B, established in eQUEST with the floor plan from

AutoCAD.

To figure o ut the inf ormation lost duri ng the m odel delivery from Revit to
eQUEST, a INP file was produced in Eque st with the floor plan from AutoCAD
(Figure 4.10). With the Schematic Design Wizard in eQUEST, foot print of typical
floor was created based on DWG file im ported from AutoCAD; and with the help
of customized dialogue, bu ilding envelope constructions , daylight zone, activity
area, HVAC system, etc., were set in a short time. Comparing the components tree
of the two models, it is cle ar to se e that imported model losing general project
information like building location and type; walls, roof, window can be read while
walls were all assigned to be ex terior wall; material were reassigned while can be

modified easily in prop erties; thermal zones were correctly delivered; while the
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information for layer and floors was com pletely lost (T able 4.1). In eQUEST ,
floors were recognized as Below-G rade Flr, Ground Flr, Above-Grade Flrs, T op
Abv-Grade Flr, therefore, no matter how many floors there are, it displays as four
floors by representing Above-Grade Flrs  as one. For m odels im ported, it only

recognizes as one floor which result in difficulties in analysis for specific floor.

4.2 Test II — Building Performance Analysis with Imported Product Model

4.2.1 Thermal Comfort

To conduct therm al comfort analysis, build ing material need to be resigned and
zone properties need to be assum ed based on dif ferent seasons. Therefore, walls
were assigned as ConcBlockPla ster, windows were assigned as
SingleGlazed AlumFrame, Plaster Insu lation Suspended cei lings, ConcSlab
floors and Concrete A sphalt roof. And af ter loading the weat her file of Hong
Kong to Ecotect, three typical day in summ er, winter and m id-season were
identified as 18 Aug, 24Dec and 130ct, and corresponding input parameters and

assumption for PMV calculations were set in the programme (Table 4.1)

ypical Air Relative Clothing No. of
day Velocity Humidity People
and
Activity
Summer 18-Aug lm/s 70% 0.4 3 and
(Short sedentary
and 70 W
Tshirts)
Winter 2 4-Dec 0.1m/s 85% 1.5 3 and
(Business sedentary
suits and 70 W
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thermals)

Mid-season

13-Oct

0.25m/s

70%

0.6
(Trousers
and

shirts)

3 and
sedentary
70 W

Table4.1. Input parameter and assumption for PMV calculation.

The PMV average values of each flat are given in Table 4.2 for the th ree typical

floors. Given the therm al sensation scale of PMV in Table 4.1, it can be seen that

the therm al comfort in typical seaso ns are acceptable for those three f loors. In

summer, the PMV in all th ree floors are close to +1, indicating slightly war m

condition; in winter the PM  V are close to -1 which

condition and finally the therm

according to its sensation standard.

indicates slig htly cool

al com fort level is of neutral in mid-season

Flat PMV

Summer W inter Mid-season
6/F 1.18 -0.79 0.89
19/F 1.21 -1.70 0.01
32/F 1.27 -1.01 -0.01

Table4.2. PMV for three typical floors.
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Figure 4.11. PMV distribution in summer.

Iy
Thermal Comfort 300
Predicted Mean Vote Q 240
Walue Range: -3.00 - 3.00 Py
TECOTECT w5 1.80

i 5
o =

Average Value: -0.79 PMY
Yisible Nodes: 1024

Figure 4.12. PMV distribution winter.
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Figure 4.13. PMV distribution mid-season.

4.2.2 Optimized Strategy for Energy Saving

In eQUEST, the effects of five single energy saving strategies were analyzed with
imported product m odel. The five strate gies involved exterior wall therm  al
insulation, exterior wall solar radiation ab sorbance, area ratio of window to wall
and categories of glazing and shading sy stem, their effects on energy saving were
represented by annual AC system electr  ic consum ption. Finally an optim ized
energy saving strategy were developed, and acom  parison study between the

BASECAS and optimized was conducted.

4.2.2.1 Exterior Wall Thermal Insulation

To further explore the relationship between ener gy consum ption and wall
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structure, EQUEST was used in this st udy. DOE-2 file can be exported through
Ecotect and imported into eQUEST as follows.

Polystyrene was used as the exterior insulation layer (Polystyrene located between
an outside layer of 20mm cement and a 200mm reinforcement), interior insulation
layer (Polystyrene located between an inside layer 20mm cem ent and a 200 mm
reinforcement concre te layer ) and a m iddle ins ulation laye r in this s tudy (two
20mm cement and 100mm reinforced conc rete layer symmetrically covered both
sides of the polystyrene). The thickness of insulation layer increased from 25mm

to 100mm. (Figure 4.14)

Outside Face OCutside Face

1in. cement
115 in. polystyrene

plaster

4 in. HW Concrete 4 in. HW Concrete

Inside Face Inside Face
BASECASE Exterio r insulation
QOutside Face Qutside Face

1in. cement
4 in. HW Concrete

1 % in. polystyrene

4 in. HWY Concrete
1% in. polystyrene
1in. cement

1in. cement

Inside Face Inside Face

Middle insulation Interior insulation
Figure 4.14. Structures of walls with exterior, middle, interior insulation

separately.

The effects of thickness and position of the insulation layer on annual AC syste m

electric consumption, cooling electric ¢ onsumption and heat electric consum ption
71



are shown in Figure 4.15~Figure 4.17. From the results, the following deductions
can be made: (1) Both the annual cooling and heating electric consumption were
lowest when em ploying polystyrene as the exterior thermal insulation layer. The
penultimate was em ploying polystyrene as th e middle therm al insula tion layer.
When it was employed as the interior insulation layer consumed the most;

(2) The effects of thermal insu lation on cooling consumption was slightly weaker
than the effects on heating consumption;

(3) Increasing the thickness of the therm al insulation lay er meant a much weaker
reduction of annual cooling and heat  ing electric consum ption. The 100mm
exterior polystyrene therm al insulati on was the best, the annual A C syst em
cooling and heating electric consum ption were decreased by 4.07% and 73.2%
separately compared with BASECASE

the effects of insultion thickness and position on annual electric
consumption

2,650

ri

2,600 AN
2,550 \ —— exterior

—=— middle
2,500

intericr
2,450

2,400 ' ' ' '
basecase 25 50 75 100

thickness of insultion {mm)

annual electric consumption
{bk whivear)

Figure 4.15. The effects of insulation thickness and position on annual AC

electric consumption.
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effects of insulation thickness and position on annual cooling
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Figure 4.16. The effects of insulation thickness and position on annual cooling

consumption.

effects of insulation thickness and position on annual heating

electric consumption

B

50 ~
40 AN

30

‘QN

20

i e

—— axterior
—— middle

interior

10

annual heating consumption
Mk whivear)

hasecase

20 50 73

thickness of insulation (mm)

100

Figure 4.17. The effects of insulation thickness and position on annual

heating consumption.
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4.2.2.2 Solar Radiation Absorbance of Exterior Wall

Different building ex terior su rface m aterials have dif ferent solar radiation
absorbance. The darker the color of the m aterial is, the lar ger the so lar radiation
absorbance will be. With a changing rate of 0.2-0.9, the annual AC system electric
consumption of a building with dif ferent exterior surface solar radiation
absorbance is shown in Figure 4.18. Com pared with BASECASE (solar radiation
absorbance of 0.6), there was a decrease of 11.5% in cooling electric consumption,
an increase of 6.8% in heating electric consumption, and a decrease of 1 1.2% in
total annual electric consum ption with a solar radi  ation absorbance of 0.2.
Changing the solar radiation absorbance to 0.9, m eant an increase of 9.48% in
cooling electric consum ption, a decrease of 7.39% in heating, and an increase of

9.15% in total annual electric consumption

AL electric consumption with building exterior surface ABS

12,000

10,000 ¢

electric soncurnption (K¥Wh/year)

a000 - -
e cooling
G OO0 F == heating
total
4000 r
2000
I:I 1 1 1 1 1 1 1
02 0.3 0.4 05 0.6 07 = 0.9

solar radiation absorptance coefficient of exterior wall color

Figure 4.18. The AC electric consumption with building exterior surface ABS.

74



4.2.2.3 Area Ratio of Window to Wall (Floor to Ceiling)

Through changing the southwest area ratio of window to wall from 20% to 45%
under a certain area ratio of window to wall (30%) of other sides and changing the
southeast area ratio from 20 to 45% under a certain area ratio (30%) of other sides,
the curves of annual cooling, heating a nd total electric consum ption by end use
are shown in Figure 5.19~5.21. The fitted reg  ression lines were shown on the
figures, x m eans the area ratio of window and wall and y m eans the electric
consumption. R* means the goodness of f it, the nearer the R 2iscloseto 1,th e
better the fitted regression lines are. With the increase of southwest and southeast
area ratios of window to wall, the ¢ ooling electric consum ption and annual
electric consumption were increased linearly. The effect of southwest area ratio of
window to wall was m ore obvious than th at of the southeast one. The heating
electric consumption was decreased linearly too when the southwest and southeast
area ratio of window to wall increases. Because of the double ef fects of the
temperature dif ference between indoor and outdoor and the solar radiation, the
indoor heat gain and cooling electric =~ consumption begun to sharply increases

among April, and achieve the peak among July and August.

A saving of 1.20% in annual electric consumption was obtained by changing the
southwest area ratio to 20%; which include d a saving of 2.50% in cooling electric
consumption and an increase of 6.67% in heat electric consum ption. A saving of
0.32% in annual electric consum ption was achieved by changing the southeast
area ratio to 20% which includes a sa ving of 0.77% in cooling electric
consumption and an increase of 0.09% in heating electric consum ption. If all the

area ratios of window to wall were 20% the annual electric consumption would be
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decreased by 2.81%. It is clear to see that adjusting the southwest area of window

to wall, rather than southeast, can

consumption.

have greater ef fect on annual electric
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Figure 4.19. The effect of area ratio of window to wall on cooling electric

consumption.
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consumption.

the effect of area ratio of window to wall on annnal electric
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Figure 4.21. The effect of area ratio of window to wall on annual electric

consumption,

4.2.2.4 Categories of Glazing

The area of glazing account s for 70%~ 80% of the w hole window, so the glazing
capacity includes heat conduction coef ficient and solar heat  gain coef ficient
(SHGC) — which greatly influences th e building’ s ener gy consum ption. The
glazing in the BASECASE model was 1/8  in. nor mal clear glass. Th e electric
consumption of AC system with dif ferent kinds of doubl e and single glazing
windows are shown in Figur e 4.22, the thickness of double glazing and single
glazing windows are 1/8 in. and 1/4in. resp ectively. The double glazing one with
low-e & electro & reflective has the best efficiency in energy saving of AC, with
an annual electric consum ption decreas e of 15.42%, a decr ease of 15.42% and
4.59% 1in cooling and heating electric consumption respectively (m ainly the
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consumption was taken place in cooling).

Unlike the study recorded before, th e dif ference between single and double

glazing is weak. According to practices, the double glazing window , as a whole,
can decrease the heat conduction coef  ficient and the electro glazing. Low-e

glazing or reflective glazing can strengthen the reflection of solar radiation, so the
AC system’s annual electric consumption should be decreased (obviously which
cannot be shown in Figure 4.22). T o explor e the essential factors af fecting the
quality of energy consumption of glazing, single glazing and double glazing with

different SHGC were studied comparatively.
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Figure 4.22. AC electric consumption of different categories glazing.
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AC annual electric consumption of different SHGC of glazing
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Figure 4.23. AC annual electric consumption of different SHGC of glazing.

Figure 4.23 shows the linear correlation ~ of annual electric consumption with
SHGC, x means the value of SHGC, and y means the annual electric consumption
increased. The dif ferences between singl e and double glazin g windows are very
weak, therefore the decrease of annual electric consumption of different categories
glazing should be m ainly caused by reflec tion capability of window strengthened
by electro glazing, low-e glazing or reflect ive glazing. In other words, using a
glazing with high reflection capability like reflective or low-e, electro w hich can
strengthen reflective rather than do uble glazing would increase ener gy-saving in

Hong Kong.

4.2.2.5 Shading System

Window outer fixed shading includes horizontal shading (w ith overhands only),
vertical shading (with fins only) and integrative shading (with overhangs and fins).
A maximum length of 1.5m of overhangs or fins was used. For overhangs or fins,
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the distance from the window edge were both 0.15m. The effects of window outer

shading on annual cooling and heating elec tric consumption are shown in Figure

4.24~4.26.

annual electric consumption
{Mk whivear)

The effect of window outer shading on AC annual electric

consumpticn. L means length of baffles
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Figure 4.24. The effect of window outer shading on AC annual electric

consumption (L means length of baffles).
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Figure 4.25. The effect of window outer shading on cooling electric

consumption (L means length of baffles).
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the effect of window owter shading on heating electric consumption
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Figure 4.26. The effect of window outer shading on heating electric

consumption (L means length of baffles).

The ef fects of vertical shading are infe  rior to that of horizontal shading on
variation of cooling or heating electric consumption, but superior to horizontal
shading on annual electric consum ption. The horizontal shading of 1.5m
overhangs can decrease 8.27% the cooling el ectric consumption when the vertical
fins were 0.3m , increase 3.57% of the he ating electric consum ption, and finally
achieve a saving of 8.19% in the total elec tric consumption. The vertical shading
of 1.5m fins can decrease 8.08% of coo ling electric consumption, increase 4.59%
of the heating electric consum ption, a nd reduce 7.89% of the annual electric
consumption. When using the integrative shading of 1.5m overhands and fins, the
cooling consumption was decreased by 17.30%, heating electric consumption was

increased by 2.55%, and annual electric consumption was decreased by 17.05%

The influence degree increas es quickly with the extending of thel  ength of
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overhangs and fins. For exam ple, the horizontal shading achieved a saving of
5.42% in annual electric consum ption by the first overhangs extending to 0.6m,
and achieved a saving of 6.98% with the last overhangs extending to 0.9m . For
the sharp decrease caused by extending the overhangs to 0.3m (an unexpected
result a ccording to other similar studies), it req uires further check ing to decid e

whether it needs to be scrapped or adjusted.

The cooling electric co nsumption of the AC system decreased when using the
window inner shading in summ er and the heating electric c onsumption increased
in winter . The ef fect of em ploying wi ndow inner shading in the BASECASE
building was investigated onl y in the cooling period. Th is paper sim ulated four
types of window inner shadings as shown in Figure 4.27.

the effect of different tvoes of inner shading on the electric
consumption of &C
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Figure 4.27. The effect of different types of inner shadings on the electric

consumption of AC.
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4.2.2.6 Optimised Strategy

The ef fects of five single ener gy saving st rategies that include ex terior wall
thermal insulation, exterior wall solar radiation absorb ance, arca ratio of window
to wall, categories of glazing and shad  ing sy stem and two com bined ener gy
saving strategies on the AC system electric consumption have all been developed
for comparison study (T able 4.3). Choosing the best param eter of each strategy ,

the energy consumption and energy saved compared with BASECASE, are shown

in Figure 4.28.

Component BASECASE CASE A

Exterior wall No thermal Employing 4in. interior
insulation polystyrene therm al

insulation

Area ratio of 30% 20%

window to wall

Glazing system 1/8 in. norm al Double reflective glazing
clear glazing

Shading system No shading system dark roller blinds

Table 4.3. The developed designs.

The strategy RW/W 20%, changing the exterior insulation polystyrene into 75mm
(IT175) and using dark roller blinds (DRB), makes little affection on the AC system
annual electric consumption. Usi  ng double glazing (DG) and em ploying
integrative shading of 1500mm (LNV 1500) are the best strategies to decrease the
AC system electric consumption. Case A which included

1175,DRB,RW/W20%,white lacquer(ABS0.2),DGLNV1500 can decrease 38.94%

of the AC system electric consumption.
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the energy consumption and energy saving with different strategies
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Figure 4.28. The energy consumption and energy saving with different
strategies.
4.2.3 Summary

In this chapter, two tests were conducted. Information loss during delivery process

through file formats DXF, gbXML, IFC and INP was recorded. Significance and

barriers of product m odel sharing am ong Revit Architecture2010, Ecotect2010,

eQUEST3-5, GBS were studied too. An alyses of therm al comfort and energy

consumption of building envelope were conducted. PMV average values of three

typical floors (6F/19F/32F) were calculated, and the result shows thermal comfort

in typical seasons are acceptab le for those three floors; five design strategies of

building envelope were compared based on annual electric consum ption o HVAC

system.
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CHAPTER 5: CONCLUSION

5.1 Introduction

This chapter presents the conclusions of this research study. The objectives of the
study are first reviewed, supplemented by a summary of the main findings and the
presentation of the contribution and signi ficance of the research. The lim itations

of this study are indicated and recommendations for future research made.

5.2 Review of Research Objectives

The opening chapter outlines the current state of application of BIM in the AEC
industry. T his research aim s at inte grating BIM with Building Perform  ance
Analysis (BPA) tools for building sustaina bility analysis. The objectives are (1)
Three file formats (DXF, gbXML, IFC): Information loss during delivery process;
(2) Four programmes (Revit Ar chitecture, Ecotect, e(QUEST, GBS): sig nificance
and barriers of product model sharing among the program mes; (3) Two analyses
(thermal com fort, ener gy consum ption of building envelope design):

application-specific input/ output for imported model

Regarding objectives, chapter 2 review ed evolution of BIM technology and
application. So far, major successes have been recorded using 3D building models
for dyna mic viewing, graphical anim  ation, collision detection and process
simulation - by linking to the construction schedule; some progress has also been

made in the area of intelligent buildings modeling; Capturing the richness data of
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the inte lligence and the data f lows between th e stakehold ers are bo th critica |
variables of BIM maturity, therefore information deliverables has become another
research hot spot of BIM globally , plenty of standards have been developed,
released an d im plemented in com mercial sof tware f or te sting and a pplication.
Based on those accelerating em ergence of guidelines and reports de dicated to
exploring and defining th e requirem ents and deliverables of BIM, a growing
number of projects are car ried out in relation to a pplying BIM in m any fields.
Emerging fields such as Facility Managem ent, Sust ainability Ana lysis ar e
gradually bringing in BIM technology to form a more efficient workflow. And the
success of the BIM con cept within the bui Iding sector has m ade the major CAD
vendors to prom ote the sa me concept within the civil structures area - such as
bridges, earthwork, roads and highway design and construction space

management.

For the second and third objectives, in chapter 2, a review of product delivery was
described. Three interoperability file formats are described and compared, namely
DXF, gbXML and IF C. For BP A tools, Ecotect, e(QUEST , IES<VE>, Green

Building Studio, etc., are described.

And for the same purpose, two tests are established in Chapter 3 and implemented

in Chapter 4
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5.3 Contribution to Knowledge

5.3.1 Developing a fram ework for applying BIM to building th ermal comfort and

energy consumption analysis

5.3.1.1 Model Preparation

Generally, two thing need to be con  cerned before conducting an integration

design.

1. Determine the kind of analysis the projec t needs, then figure out if this will

require zones or building geometry.

a) Geometry: For architectural sun or acous tic studies, geometry information of
facility and topography is more important the zones. By developing workflow
to track and import only the elements needed based in DXF file, analysis can
be conducted in a more efficient way.

b) Zones: From Revit, a gbXML file can be quickly im ported into Ecotect if the
spaces are correctly set in Revit. And using Zones, Ecotect is a strong tool for
architectural design studies related to  sun, solar gains and therm al analysis.
Moreover, as a base for model interope rability, Ecotect can import and export
between BIM applications such as Rev it Architecture and BP A tools such as
IES, Ener gyPlus, Radiance, and Days im. While the d elivery to eQ UEST
didn’t work in this test.

2. Figure out the or ganisation of model in programmes for integration design, is

it proper for the planned analysis, and whether the import of model will hinder

its original function.
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5.3.1.2 Product model delivery

Product m odel delivery from Re  vitto Ecotect, and then to eQUEST 1s
time-consuming and unstable. W hile product model delivery from Revit to GBS,
and the to e QUEST did work in the te  st, an d with certain inf ormation loss,

analysis can still be conducted (Figure 5.1).

BIM Interoperable Environmental
application file formats analysistools
Radiance
BIM
Rvt
Ecotect POV Ray
Rfa
VRML models
Revit DXF R
Architecture XML fc— N‘:‘é'; EnergyPlus & HTB2
IFC b,
DOE2
ODBC i
DWG GBS > eQUEST

Figure 5.1. Modified data transfer steps.

Information loss during the delivery proces s was caused by data stru cture of the
interoperability file formats and the model or ganisation method of the software

applications (e.x. Revit Architecture separates object by floors).

Ecotect or ganizes model based on s pace when gbXML/ IFC file was imported,

and layers were nam ed after space automatically. For DXF file, as on ly geometry
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information of model was imported, Ecotect assign the whole m odel in one layer
and read it as independent lines or triangular m eshes. While DXF is the only file
format that can transfer geom etry in formation of facility and topograp hy into
Ecotect, th is inf ormation is no t es sential f or the par ticular sim ulation of this

research, while it might have been vital for running an acoustic simulation.

eQUEST separates INP model by several ways. In the component tree, several
sub-components file are listed under the  project file, they are floors, building
shades, polygons, constructions, layers, m aterials, etc. Models are separated into
four layers Below-Grade Flr, Ground Flr, Above-Grade Flrs, T op Abv-Grade Flr,
for imported model, as function of Build ing Creation Wizard is hindered, and the
model can only be read as one floor which  results in difficulties for analysis of
specific floor . Each floor is or  ganized as E xterior components and interiors
components which are further divided into wall, slab, floor, etc. (Figure 5.2). And
Under the sub-file of space polyg  on, spaces which are set in Revit can be
correctly delivered, while they are also renamed which makes analysis for specific
room very inconvenient. Under the sub-f ile of Construction, m odel are or ganized
by construction of Exterior wall, interior wall, roof, ground floor , interior floor,
etc., while for im ported model eQUEST cannot differentiate interior and exterior

wall, so all the wall are assigned as same materials for imported models.
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Figure 5.2. Components tree of model in eQUEST.

Although varying m odel or ganisation an d model creation practices were

acceptable in intra -disciplinary 3D app lications, they created challenges and

rework for the architec tural designers in the project. Therefore it is im portant to

determine the kind of analysis the project needs, and choose the proper

programmes according ly, or on th e opposite design the analysis fit for the

programme. For example, as eQUEST cannot read floors of i mported model and
re-assign the same material to all the walls, an analysis for optimizing building
envelop design is designed. As it does not concerns the exact place of the floors of

the build ing, and does not ask for an exact v

alue for an nual HV AC electric

consumption (the calculated results of  Optimized CASE are used as a contro

group to BASECASE, then designers can ¢ hoose the better strategy based on this

value).
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5.3.1.3 Re-Input for Specific Sustainability Analysis

Test 11 sho ws that BIM can facilitate com plex processes of sustainable design
such as thermal comfort analysis and building envelope design optimisation. And
in order to sharing a product model among applications from different disciplines,
interventions and specific customisations of the model organisations are necessary.
Various input/output requirem ents happe ned after im porting the product m odel
into th e re ceiving sof tware applic ations. Both Ecotect and eQUEST  required
manual re-definition of data to perform environment assessment. Thermal comfort
analysis in Ecotect required a re-assignm ent of m aterial of building components,
and a m ore detailed set for room s such as schedule, velocity, and weather data.
For building envelop optim isation design analysis in eQUEST , a m ore detailed
identification of elem ents of building envelop were requ ired than the architec t’s

specification of the 3D objects in Revit Architecture (Table4.1, Table 4.3).

Therefore, it is clear th  at various re quirements for re-input is unavoidable as
different analysis have specific demanding for the model. Take function of Ecotect
for exa mple: LIGHTSCAPE, one ¢ hoice for exporting in Ecotect, required a
higher level of precision in all joints or conne ctions, causing architects to modify
joints and connections that not precisely meeting one another; and 4D applications
required object breakdowns and groupings corresponding to the construction or

installation sequence, rather than the architectural breakdowns.

Another problem of the conversions was that they are m ainly one-way processes,
as the type of data that can be actu ally transferred back to the BIM too s is of a

much more limited nature, such as bitm apped files and spreadsheets which need
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to be interp reted, m anually hand led or inser ted into the o riginal BIM system s.

Moreover, one-way conversions of product models are inflexible for subsequent

modification and sharing.

5.3.2 Benefits and barriers of product model delivery

5.3.2.1 Benefits

Test I indic ates that Bu ilding Pe rformance Analysis (BPA) tools are capable of

using BIM models based on commonly-used interoperability file formats. Base on

Test I, a co mparison about information delivery with file formats DXF, gbXML,

IFC and INP was shown as following (Table 5.1).
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Specificati N Yes Ye sYe S
on of new 0
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Elements Constructi N Yes(b Yes Yes (cann ot
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elements, was roof interior an d
window, lost in was exterior
wall, roof, the lost in wall )
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Data (the Independe Y NoNoY es
way it nt lines es
recognizes Surface N Yes Ye sN 0
the 0
elements) Layer N No No No
0
zone Therm al N Yes Yes Yes
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Table5.1. Below shows the assessment criteria and the information file
formats from the test.

It is proved that Ecotect 2010 cannot r ead IFC file correc tly, therefore the
33-storey Y-type residential building was imported into Ecotect with gb XML file.
And as INP file exported from Ecotect cannot be interpreted correctly in eQUEST,
model C were delivered to eQUEST  through Green Building S tudio (GBS)
(Figure 5.1 ). Therefore, c onsidering the sof tware app lications f or in tegration
design in this test are Ecotect and eQUEST , and also as following perf ormance
analysis is about therm al comfort and ener gy consumption which requires zones,
gbXML is u sed as th e interoperability file formats for integration design in this
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study.

Benefits of this process can be concluded as:

(1) To realize the process of building information model delivery

(2) To exchange project data with IFC and gbXML file formats

(3) To conduct therm al comfort and e nergy consumption analysis with imported

model

5.3.2.2 Barriers

Experience in this study shows barriers for integration design based on BIM are
caused by interope rability f ile f ormats, model or ganisation in receiving
applications. Inf ormation loss and rewo rk for model modi fication for speci fic
analysis is unavoidable, it is im portant to make clear the analys is objective, the
use of the model, then decide what kind  of infor mation it needs to deliver , and
which level of detail it needs to have.

(1) IFC/gbXL Standard

Problem oc curred in the study related to interoperability file for mats can be
concluded as m isreading of m odel geom etry, loss of object inform ation and

confusion in revision.

Besides data structure of the file formats, the misreading and loss of information
are also du e to th e default s etting of receiving applications. For exam ple, model
organisation in Ecotect bases on zones. Th erefore building elem ents that are not
bounding to zones such as colum n, curtain wall, structure layers, are assigned to

the sam e layer, and model details like  joints, connections cannot be correctly
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represented either which hinders the subs equent modification and sharing of t he
model. On the other hand, this study also showed that software generates different
IFC/gbXML export files if they model two identical windows from different point.
I also experienced import errors with geometry from gbXML file. In that case, the
middleware that mapped between gbXML file and INP file was the source of the
errors: GBS generates the right im port file while Ecotect generate a wrong with

the same gbXML file.

Both gbXML and IFC file ignored all non- geometric object parameters during the
process of produce m odel delivery. For exam ple, in export for therm al com fort
analysis, building com ponents’ properties such as velocity, time schedule device

identification were lost in their representation in Ecotect.

Last problem is the confused revision of the model. W henever I revised the 3D
model and exported an update file, the Revit Architecture regenerated a new set of
space identification. Therefore, when a second design iteration occu rs, I have to
manually synchronized the new design data ~ with p revious analy tical data, o r

regenerate simulation of the entire building.

(2) Model Sharing
The study shows that the vari ous 3D model organisation standards, specific input
for receiv ing software application s and tim e-consuming one-way conversion

could potentially undermine future absorption of the product models sharing.

The m odel or ganisation lar gely depends on the specific environm  ents and
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interfaces o f the software app lication in use. Although there v arying m odel
organisation and model creation practices were acceptable in intra-disciplinary 3D
applications, they created challenges and rework for the architectural designers in
the project. Moreover, to effectively sharing a product m odel among applications
from different disciplines, significant inte rventions and specific customisations of
the model organisations are required. Expe rience shows that bridging in m apping
the output or ganisation from one applicati on to the input requirem ent of anther
application is cum bersome, time-consuming, and irreversible; all of which m ight
deter subsequent product m odel exchange s. And conversion processes in this

study are one-way conversions which are in flexible for subsequent m odification
and sharing, m anipulation can be conduc ted only by repeating the conversion

process.

5.3.3 Recommendation for Future Work

The study dem onstrates how integrat ion design could be conducted by BIM
model delivery. As it only concerns about  builders and designers, further work
needs to be done to figure out how a project team can cooperate together for the
product model sharing and inform ation reuse. At this part, recomm endations are

made for designers and builders towards problems for model building and sharing.

5.3.3.1 Tailoring models to fit the analysis purpose

When working with product m  odel, the first thing should be evaluating the
specific purposes of the m odel and thus, tailors their efforts and expectations

accordingly.
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As information loss and re-input are avoi dable during the model delivery process,
the designers should first evaluate what  kind of analysis pur pose this model is
going to meet, and what kind of data it n eeds to contain. For m odel that needs to
be shared during the whole design process, it should contain data that are relevant
and sharable to m any parties; whereas fo r domain-specific models which interest
particular specially disciplines, proper in teroperability file f ormat and level of

model should be chosen to meet the demanding of the analysis purpose.

Moreover, designer should also consider categorizing product m odels as rough,
careful, and precise: rough m odels are qui ck and “keep it simple” m odels which
are only meant for quick studies an d are discarded afterwards; on the other hand,
precise models need to meet the demands of specialized applications (e.g. thermal

simulation, energy consumption calculation)

5.3.3.2 Partial Data Exchange and Intervention Strategy

Although the product model exchange in schematic phase is preferable and
valuable, th ere is always a need for later inte r-disciplinary excha nge, and
accordingly mapping intervention is unavoidable. Besides tailo ring the model to
fit for the analysis purpose, developing partial model exchanges and model server
are also ways for m ore ef ficient mode | exchange and interventions. Moreover
more rigoro us testing and debugging of soft ware is also necessary as software

instability could deter the use of interoperability file.
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