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ABSTRACT  

Graphics and written documents are two major categorises of information in the 

construction industry. Although computer software packages have been widely 

adopted, the interoperability of geometrical and written information between 

different software packages is restricted by inconsistence of proprietary information 

standards. This problem exists even if the same software packages are used by one 

or more organisations owing to the non-standardised information structures. 

However, the advent of Building Information Modelling (BIM) is making a 

revolutionary change to the creation, storage, exchange and reuse of geometrical 

and written information. The Industry Foundation Classes (IFCs) and eXtensible 

Markup Language (XML) further add the opportunity to facilitate the 

interoperability of BIM and document models over the internet.   

 

The main objectives of this PhD study are (i) to identify the enabling technologies 

for the interoperability of geometrical and written building information, (ii) to 

formulate a web-enabled Integrated BIM-Document Model (IBDM), (iii) to validate 

IBDM and (iv) to investigate the ways to increase the uptake of BIM and hence 

IBDM.  

 

The realisation of IBDM is based on a Constructive Interface approach, taking into 

account the process and workflow context of BIM implementation. IBDM was 

tested in a small scale project. The validation shows that the successful integration 

of BIM and document models is bounded by the capability of existing internet 

browsers in handling XML documents. The key problem lies with the fact that the 
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file size expansion by a factor of 10 during the conversion of native BIM files into 

ifcXML files. Real project dynamics such as design changes and acceleration of 

works are other factors affecting the use of BIM and IBDM. The key findings of the 

questionnaire survey show that client’s encouragement would be influential in the 

uptake of BIM. In the same vein, the involvement of other project team members in 

creating and utilising the models is crucial to the overall value of BIM and hence 

IBDM implementation.  

 

In addition to IFC, BIM software vendors are recommended to enable direct export 

of ifcXML to facilitate further research in the context of ifcXML-based 

interoperability. Data integrity during the conversion processes should also be 

enhanced. To speed up the move from 2D CAD to BIM, the Government could take 

a lead in adopting BIM and establishing the necessary BIM standards, work 

procedures and contract clauses. Priority should be given to equipping the 

practitioners and students with BIM skills. It is also recommended that the fee 

structures and services provided by different consultants need to be reviewed to suit 

the upfront resources requirements of the use of BIM and IBDM.  
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1.1 RESEARCH BACKGROUND 

The construction industry consists of multiple parties generating enormous 

amounts of information during the operation of construction projects (CIRC, 

2001). Although information technology tools have been widely adopted, sharing 

and transferring information among computer applications and parties are 

inconsistent. Most of the information is incompatible, unnecessarily duplicated 

and/or eventually lost as software applications cannot exchange data 

automatically (SIENE, 2002). The International Alliance for Interoperability (IAI) 

adds that “Computer programs used in building design, analysis and operation are 

used in a stand-alone manner and cannot exchange data directly, even when used 

by the same party.” (IAI, 2008). This is the key issue which are still exists in 

today’s construction industry (IAI 2009). The Construction Industry Review 

Committee (CIRC) indicates that the main reasons are due to lack of common 

standards and common data infrastructure. As being the case it is advisable for the 

construction industry to give priority to the establishment of a more conducive 

environment (CIRC, 2001).  

 

Some other industries have in fact established or adopted solutions to tackle 

similar problems (Ingirige and Aouad, 2001). The automotive and aerospace 

industries, for instance, use the product model, STEP (Standard for the Technical 

Exchange of Product Data) PDM (Product Data Management) to manage and 

exchange product data throughout the procurement process. This enables the 

transfer of product data between the CAD systems, used by parts designers and 

manufacturers (Gollnitz et. al. 2001, Ungerer and Buchanan 2002). STEP is 
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officially documented as ISO 10303 and the initial release was published by the 

International Organisation for Standardisation in 1994 (ISO 2004). To a certain 

extent, the construction industry is similar to the automotive and aerospace 

industries in the sense that they all use CAD systems to represent the products 

geometrically. Thus, STEP can also be adopted by the construction industry and 

in reality it has indeed been in use by IAI, which is an alliance of organisations 

within the construction and facilities management industries. IAI launched the 

first version of the Industry Foundation Classes (IFC Release 1.0) in January 1997.  

 

The early applications of IFC started to appear in late 90’s (Tarandi 2003). New 

versions of IFC have been released over the past decade. The latest one is version 

(IFC 2x3 Technical Corrigendum) in June 2007. Today IFC is supported by most 

construction product modelling (or now commonly coined as Building 

Information Modelling (BIM)) software including Autodesk Revit, Bentley 

Architecture, Graphisoft ArchiCAD and Nemetschek AllPlan (Autodesk 2007, 

Bentley 2007, Graphisoft 2007 and Nemetscheck 2007). IFC is used for the 

exchange of product model data among BIM-related software packages (Tarandi 

2003). For example, exporting a Revit BIM model as an IFC file which is then 

imported into ArchiCAD. However, the interoperability between product models 

and the associated written documents remains another issue which has not been 

addressed. 

 

On the other hand, the interoperability between different written documents can 

be achieved using eXtensible Markup Language (XML) published by the World 

Wide Web Consortium in 2000. XML is not a standard but a metalanguage for 
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defining document structures and data elements (W3C 2004). It allows 

information systems to encode documents and share structured data via the 

internet (Bray 2006). A widely used application of XML in the financial world is 

the eXtensible Business Reporting Language (XBRL) developed and published by 

a non-profit consortium (XBRL International) of about 550 companies and 

agencies worldwide (XBRL 2009). In Hong Kong, the Office of the Chief 

Government Information Officer (OCGIO) has been developing and 

implementing an XML Design and Management Guide since 2004 (OCGIO 2004). 

Following the same XML principle, this document provides guideline for defining   

domain-specific written information by individual business sectors (Mark, 2004).  

 

Although ifcXML was launched in 2004, it is merely an XML representation of 

IFC (IAI 2008). The integration of IFC product models and XML written 

document models is the key research question to be exploited and resolved in this 

study. A critical review of the body of knowledge related to BIM, IFC and current 

applications of these technologies is included in Chapters 2 and 3.  

 

1.2 OBJECTIVES 

This PhD study aims to enhance the interoperability of geometrical and written 

building information between different computer applications in the Hong Kong 

construction industry. The specific objectives are as follows: 

 

1. To identify the enabling technologies for the interoperability of 

geometrical and written building information; 
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2. To formulate a web-enabled Integrated BIM-Document Model (IBDM) 

based on the identified technologies;  

3. To validate IBDM and to identify the implementation limitations; and 

4. To propose the ways to increase the uptake of BIM and hence the IBDM.  

 

Detail research methodology in respect of objectives 3 and 4 are further 

elaborated in Chapter 4 and Chapter 6 respectively. 

1.3 OUTLINE OF THE THESIS 

As shown in Figure 1, this thesis is structured in seven chapters. Chapter 1 is an 

introductory chapter which describes the problems, objectives, overall research 

methodology and outline of the thesis. The literature of BIM and DM, being the 

two core subjects in this study, are then reviewed in Chapters 2 and 3 respectively. 

These two chapters cover various aspects of BIM and DM, from fundamental 

concepts to advanced technologies, which are essential for the formulation of 

IBDM and the model validation methodology in Chapter 4. The trial run of IBDM 

is presented and the results are discussed in Chapter 5. The ways of increasing the 

uptake of BIM and IBDM are discussed with the findings in the supplementary 

questionnaire survey in Chapter 6. The last chapter, Chapter 7, draws the 

conclusions, recommendations and future research areas for further application of 

IBDM. 
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Figure 1: Outline of the thesis 
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2.1 OUTLINE OF THE CHAPTER 

As mentioned in the introduction, the core of this PhD study is the integration of 

product modelling and document modelling. This chapter provides a literature 

review on the first core - Product Modelling. It begins with an introduction to 

product modelling in general, followed by the traditional 2-dimenional drafting 

practice and the emerging Building Information Modelling (BIM) in the 

Architecture/Engineering/Construction (A/E/C) domain. The data standards for 

the interoperability of BIM product data are discussed in detail.  

2.2 INTRODUCTION TO PRODUCT MODELLING 

Product modelling is a term commonly found in the manufacturing industry. A 

product, as the name suggests, is something that is produced as a result of an 

industrial process (Sinclair 1992). This process spans a number of stages and 

involves different parties. At the very beginning, a product designer through 

brainstorming or other interactive activities collects a number of ideas about the 

shape and colour of a product. These ideas are presented in different ways and 

evolve from sketches, drawings to models (Cottis 1991). While hand sketches are 

used to show the conceptual design, mechanical computer-aided design (MCAD) 

software such as CATIA, Pro/Engineer and Unigraphics are deployed to produce 

drawings and digital 3D models. The electronic data can be utilised for virtual 

prototyping (Li et al 2008) and be transferred to prototyping machines which can 

rapidly make physical models or prototypes (CIMdata 2005). The production of 
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physical models or prototypes is essential in the manufacturing industry to ensure 

that the design is acceptable for mass production (Cottis 1991).  

 

In the A/E/C market, the design of finished products such as buildings or 

infrastructures is also developed from sketches to drawings. However, the 

production of digital models is still significantly lower than that found in the 

manufacturing industry. The survey by GeoPraxis (2004) showed that only 10% 

of construction projects in North American had 3D digital models. A similar 

finding in Hong Kong was also confirmed by Tse et al (2004). Without the digital 

models, the production of accurate and complete physical prototypes is likely to 

be restricted. The A/E/C industry is largely dominated by traditional 2D drawings, 

hence an in-depth review of this practice is necessary prior to investigating the 

possibility of moving the industry from 2D to 3D modelling.  

2.3 TRADITIONAL 2D CAD DRAWINGS 

Unlike the manufacturing industry, the CAD systems adopted are A/E/C CAD and 

not the MCAD software as mentioned above in section 2.2. The major A/E/C 

CAD systems in the market include AutoCAD, CadKey, DesignCAD, DrafixCAD, 

GenericCAD, TurboCAD and MicroStation (Tse 1998). Among these systems, 

AutoCAD is claimed to be dominant, capturing 56% of the worldwide market 

share in terms of number of copies sold (JPR 2005). Regarding the Hong Kong 

market, Tse et al (2005) revealed that some 93% of architect firms produce 2D 

drawings using AutoCAD. However despite this obvious popularity it is worth 

noting that the underlying architecture of CAD drawings is more or less the same 
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as that of all the major CAD systems. Further details with reference to 2D 

AutoCAD are presented in the following sub-sections. 

2.3.1 2D CAD Drawings Explained 

In the A/E/C industry, a 2D CAD drawing represents a particular view, e.g. plan, 

section, elevation, of the design. Each drawing contains a large number of graphic 

primitives such as points, lines, arcs, circles and text on a flat plane of the 3D 

cartesian co-ordinate workspace (i.e. axis X, Y & Z) (Plume 1992). A primitive 

has specific geometric properties as shown in Table 1. For better drawing 

management, the primitives are usually grouped into different layers according to 

specific in-house or common building classification systems. Each layer has a 

unique layer name and can be frozen, or left active. The length of layer name in 

AutoCAD is limited to 31 characters whereas the number of layers in a drawing 

and the number of primitives per layer are virtually unlimited (Autodesk 2008). 

The layering features in most of the CAD systems are usually controlled via 

dialog boxes similar to the one in Figure 2. 

Table 1: Geometric properties of basic CAD objects as specified in Figure 3 

Graphic 
Primitive 

Geometric properties 

Point Point 
Line Start point, end point 
Arcs Centre point, radius, start angle, end angle 
Circle Centre point, radius 
Text Start point, height, rotation angle, width scale factor, obliquing angle 
Block Insertion point, rotation angle, x scale factor, y scale factor, z scale factor 

Source: By an enquiry operation in an AutoCAD drawing. 
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Figure 2: Layer control of AutoCAD 

 

The semantic of a 2D view is expressed in symbolized language which can be 

understood by the A/E/C population. For instance, two parallel lines may 

represent a wall or a curb on plan. The difference lies with the thickness of the 

lines (i.e. the curb is below the cut plane and therefore it is represented by thinner 

lines). The human brain can distinguish whether it is a wall or a curb because of 

the built-in visual cognitive process (Chen and Li 2004). However, a wall or a 

curb are merely two line primitives to CAD. The underlying database contains the 

lexical language of the graphic primitives. Take AutoCAD as an example, the 

syntax is structured in code and value pairs. As is clearly shown in Table 2, the 

data describes the graphic primitives rather than building objects. The semantic of 

a CAD drawing can be slightly enhanced the different colour settings, line types 

and layers to primitives representing different building objects (Tse 2004).  
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Table 2: The database of general AutoCAD primitives 

Graphical object, e.g. 
a line 

The inherent database (code . 
value) 

Code number description 

(-1 . <Entity name: 24d0ba8>)  The name of this object in a 
selection set 

(0 . "LINE") Object type 
(62 . 5) Color 
(8 . "PIPE") Layer 
(6 . "CONTINUOUS") Linetype 
(10 . 65779.1 18889.4 0.0) Start point X, Y, Z 

 

(11 . 56357.3 23071.3 0.0) End point X, Y, Z 
   

(-1 . <Entity name: 2473970>) The name of this object in a 
selection set 

(0 . "CIRCLE") Object type 
(62 . 1) Color 
(8 . "SPRINKLER") Layer 
(6 . "DASHED") Linetype 
(10 . 75574.4 27514.1 0.0) Center point X, Y, Z 

 

(40 . 77.3426) Radius 
   

(-1 . <Entity name: 2463108>) The name of this object in a 
selection set 

(0 . "TEXT") Object type 
(62 . 0) Color 
(8 . "FIRE") Layer 
(7 . "STANDARD") Text style 
(1 . "H.R.") Text value 
(41 . 0.8) Text height 
(50 . 0.0) Rotation angle 

 

(10 74808.2 27302.2 0.0) Insertion point 
   

(-1 . <Entity name: 2471da8>)  The name of this object in a 
selection set 

(0 . "BLOCK")  Object type 
(62 . 3) Color 
(8 . "FHHR") Layer 
(2 . "BELL") Block name 
(41 . 1.0) (42 . 1.0) (43 . 1.0) X, Y, Z  scale factors 
(50 . 4.71239) Rotation angle 

 

(10 75172.8 28551.8 0.0) Insertion point 
Source: Obtained via an AutoLISP programme compiled by the author. 
 

2.3.2 Limitations of 2D Presentation 

This lexical language provides limited semantics about the A/E/C design, which 

may consist of hundreds of 2D CAD drawings. The CAD tools simply cannot 

visualise the 3D space due to the fact that the drawings reside on separate files 

which are independent of each other. This explains why these CAD tools are 

FIRE 

HYDRANT 
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mainly used as digital drafting boards. This obvious flaw appears not only in CAD 

but also in the communication process between designers and receivers. Brebner 

(1982) suggests that “human beings interpret the world by storing interconnected 

images and symbols”. (Chen and Li 2004).  

2.4 THE EMERGING BUILDING INFORMATION MODELLING (BIM) 

2D CAD drawings are not the most efficient method for the communication of 

design ideas. On the A/E/C market, there is another line of CAD products referred 

to as object-based or object-oriented CAD modelling. These products enable the 

construction of digital building models with parametric objects such as walls, 

columns and windows. The historical background and benefits of object-based 

CAD modelling are discussed in the following sections. 

2.4.1 Transition from 2D CAD to BIM 

One of the very early attempts in the study of object-based CAD modelling was 

on the Scottish Special Housing Association Project at the Edinburgh University 

CAD Research Unit in late 70’s. The project involved more than 100,000 houses 

not exceeding two storeys. Since standard house types were adopted, the research 

unit developed an object-based CAD program to create the digital model for 

presentation and material take-off. The program had built-in standard components 

such as windows, doors, staircases and external walls (Alexander & Fletcher 

1979). The development of modelling and entity-based modelling began in the 

early 80’s with the introduction of the commercial object-based modelling 

software “Nemetschek AllPlan” and “GraphiSoft ArchiCAD” to the construction 

industry in 1980 and 1984 respectively (Nemetschek 2008 and GraphiSoft 2008) 
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and the introduction of two major entity-based CAD software “Autodesk 

AutoCAD” and “Bentley MicroStation” in 1983 and 1984 respectively in the 

same period (Autodesk 2008 and Bentley 2008).  

 

As evidenced by DSC (2000) in 1994, the top three best-selling CAD products 

were all entity-based models, and included AutoCAD (1,000,000 copies sold), 

Cadkey (180,000 copies sold) and MicroStation (155,000 copies sold). 

Practitioners did not opt for object-based modelling in the 1980s because there 

was a huge gap between what was available in hardware and software capability 

and what was required. Object-based modelling, by nature, is considerably more 

sophisticated than entity-based modelling. It requires more floating point 

calculations, faster graphic displays, and more memory and storage. Given the use 

Intel 80286/80386/80486 microprocessors and the same level of investment, the 

development as well as the application of object-based modelling was at a 

comparative disadvantage. The growth and widespread use of entity-based models, 

in particular AutoCAD and MicroStation, in the 1980s and early 1990s, resulted 

in de-facto construction CAD drawing formats (i.e. DWG and DGN). The 

domination of DWG and DGN is clearly evidenced by CAD layering and drafting 

standards such as ISO 13567 (Björk et al 1997), the US National CAD Standard 

(NIBS 2004) and CAD Standard for Works Projects (ETWB 2004), as well as 

other CAD software that can import and export DWG and/or DGN formats.  

 

Despite the success of entity-based modelling, Nemetschek and GraphiSoft have 

continuously evolved their object-based CAD software (Nemetschek 2008 and 

GraphiSoft 2008). As pointed out by Eastman (1999), many limitations in 
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developing and using CAD have gradually disappeared due to technological 

advances and the decreasing cost of systems. As a result, the development of 

object-based modelling has been expanding since the early 1990s. Bentley and 

Autodesk, who had already captured a large market share in entity-based 

modelling, began developing object-based models and subsequently launched the 

Bentley MicroStation Triforma and Autodesk Architecture Desktop in 1996 and 

1998, respectively (Bentley 2008 and Autodesk 2008). Other object-based models 

came into existence in the 1990s, for instance, Advanced Relational Technology’s 

Chief Architect (ART 2004) and SoftPlan Systems’ SoftPlan (SoftPlan 2004). 

However, these software applications were mainly targeted at small to medium 

scale developments (e.g. two to three-storey house designs), for relatively low 

software costs.  

 

In 2000, Revit Technology Corporation launched a new parametric model, Revit, 

which was acquired by Autodesk for a price of US$133 million two years later 

(Graves 2002). Revit was considered as a new product and the acquisition was 

remarkable in such a short period of time, but the company was actually founded 

by ex-members of the engineering team who created the Pro/Engineer parametric 

CAD model for the manufacturing industry in 1989 (Monster 2004). Most CAD 

reviewers, including Grabowski (2002) and Day (2002), perceived that Revit was 

a significant threat to Autodesk’s long-standing status in the construction industry. 

In 2002, Bentley revamped the MicroStation Triforma into a new line of products 

called Bentley Building Information Modelling, which include sub-modules in 

Architecture, HVAC and Structure (Bentley 2004a). Gehry Partners in the United 

State also spun off Gehry Technologies which sell and provide technical support 



Chapter 2 – Product/Building Information Modelling 

 

 

 16

for a new BIM solution called Digital Project (DP). Nemetscheck issued the 

AllPlan 2003 in year 2003 (Nemetscheck 2008) and GraphiSoft shipped the latest 

version of ArchiCAD version 9 in September 2004 (GraphiSoft 2008). These 

object-based CAD applications are now commonly coined as Building 

Information Modelling (BIM), although Virtual Building, Parametric Modelling 

and Model-Based Design also refer to the same line of products (Bentley 2003).  

2.4.2 Definition of Building Information Modelling (BIM) 

As the name suggests, Building Information Modelling describes not only the 

digital 3D product model of the design but also the associated building 

information. The best way fully comprehend the essence of BIM is to use the 

software. In the literature, there is no one vigious and unique definition of BIM. 

The following statements show the available possibilities: 

“Allplan Architecture is a single solution covering the entire design 
process from sketching to studies, modeling, layouts, detailing, 
quantity take-offs and construction documentation. Because you are 
building a model, the ability to view and edit a project in 2D, 3D or 
both at any time provides immediate feedback while working and 
speeds up the design process. Allplan offers concept design to the 
quantity take-off with just one piece of software - along with unlimited 
possibilities.” (AllPlan 2007) 

“The Virtual BuildingTM (BIM) embraces the entire building industry 
and manages the entire information life cycle of buildings. …Unlike a 
simple 3D model on a computer, the Virtual BuildingTM contains a 
great deal more information about the building's materials and 
characteristics. It is a 3D digital database that tracks all elements that 
make up a building. This information can include surface area and 
volume; thermal properties; room descriptions; price; specific 
product information; window, door and finish schedules; and more.” 
(Graphisoft 2008) 

“BIM is the creation and use of coordinated, consistent, computable 
information about a building project in design—information used for 
design decision making, production of high-quality construction 
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documents, predicting performance, cost-estimating and construction 
planning, and, eventually, for managing and operating the facility.” 
(Autodesk 2008) 

“BIM is a new way of approaching the design and documentation of 
building projects. By applying information and model-based 
technology solutions to allow the automatic generation of drawings 
and reports, design analysis, schedule simulation, facilities 
management, and more – ultimately enabling the building team to 
focus on the information and their decisions, rather than the 
documentation tools and process.” (Bentley 2008)  

“BIM is the development and use of a multi-faceted computer 
software data model to not only document a building design, but to 
simulate the construction and operation of a new capital facility or a 
recapitalized (modernized) facility. The resulting Building 
Information Model is a data-rich, object-based, intelligent and 
parametric digital representation of the facility, from which views 
appropriate to various users’ needs can be extracted and analyzed to 
generate feedback and improvement of the facility design.” (GSA 
2006)  

 

The first four statements are given by BIM software vendors. Some of these 

contain abstract quality such as “BIM covers the entire life-cycle of a project”, 

“BIM can speed up the design process” and “BIM can achieve higher quality”. 

The last statement was published by the General Service Agency (GSA) of the US 

Government in December 2006. GSA’s statement is considered to be a more 

concise description of BIM. To avoid confusion, Eastman et al (2008) define non-

BIM solutions which create “(i) models that contain 3D data only and no object 

attributes, (ii) models with no support of behavior, (iii) models that are composed 

of multiple 2D CAD reference files that must be combined to define the building, 

and (iv) models that allow changes to dimensions in one view that are not 

automatically reflected in other views.” It is a useful way to examine whether a 

claimed solution fall within the definition of BIM or not.   
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2.4.3 Benefits of BIM over 2D CAD Drafting 

Although BIM is still in the early days of application, significant improvements 

over the traditional 2D drafting have already been realised (Eastman et al 2008). 

As the characteristic of BIM suggest, BIM does better in terms of data structure, 

view/schedule production, modelling/drawing entities, viewing/editing, change 

actions and scheduling as compared to traditional 2D CAD drafting. Table 3 

shows the most immediate and tangible benefits due to the single file architecture, 

i.e. all building information resides in a single file. As a consequence, 

discrepancies between views/schedules are eliminated and time to respond to 

changes is shortened.  

Table 3: Essential features of BIM vs. traditional 2D drafting 

 Essential Features of BIM by Default Traditional 2D Drafting by Default 
Data Structure A project only has a single building data 

model containing all the views and 
schedules.  

A project may consist of hundreds of 
separate CAD files. Each file represents a 
2D view or schedule. 

View/Schedule 
Production  

All the views/schedules are 
automatically generated from the single 
model. 

Each 2D view/schedule is produced 
manually. 

Modelling/Drawing 
entities 

Use object-based and parametric 
building elements to build the model 

Use graphic primitives such as points, 
lines, arcs, circles and blocks to draw the 
2D views 

Viewing/Editing Able to view and edit a project in 2D, 
3D or both 

Able to view and edit each file in 2D only.

Change actions A change in a view/schedule is reflected 
instantly and automatically in all other 
views/schedules.  

A change in a view/schedule has no effect 
on all other views/schedules. All the 
relevant updates have to be done 
manually. 

Scheduling Able to tabulate the building information 
such as quantities, areas, windows and 
doors. 

Unable to tabulate the building 
information. 

Source: Compiled from hand-on operations of AutoCAD, ArchiCAD and Revit 

 

BIM also fosters an environment where the model information can be extracted 

for downstream applications in the lifecycle of a project. These applications 

include, but not limited to, pre-construction cost estimate, evaluation of design 

alternatives, design visualization and development, collaboration of multiple 

design disciplines, energy efficiency and sustainability studies, fabricated 
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construction and facility management (Eastman et al 2008). The 3D to nD 

modelling research project at the University of Salford is a pilot research that aims 

to integrate time, cost, buildability, accessibility, sustainability, maintainability, 

acoustics, lighting and thermal requirements with an object-based 3D building 

model such as Autodesk Architecture Desktop or ArchiCAD (Aouad et al. 2004 

and Lee et al. 2002).  

2.4.4 Popularity of BIM 

As indicated in Section 2.2, the concept of BIM has been around for more than 20 

years but has only been getting more focused attention and use until in recent 

years. GeoPraxis (2004) administered a questionnaire survey aimed at 

investigating the use of CAD in the construction industry between May and June 

2004. Apart from Digital Project, all BIM tools mentioned above were included in 

the 26 CAD programmes in the questionnaire. Of the 563 respondents who 

answered the question about the application of BIMs, 49.1% indicated that they 

did not produce BIMs (14.4%) or that they used other non-BIM products (34.7%) 

such as Autodesk AutoCAD and Bentley MicroStation to produce entity-based 3D 

drawings. However, it is encouraging to see that the other 50.9% adopted either 

Autodesk Architecture Desktop (13.0%), Autodesk Revit (13.0%), Bentley 

Architecture (1.6%), Bentley MicroStation TriForma (2.3%), GraphiSoft 

ArchiCAD (20.8%) or Nemetscheck AllPlan (0.2%) to create BIMs. Nevertheless, 

no detailed methodology about how the respondents were invited to complete the 

questionnaires via the internet. The results indicate that only 49.2% were 

architects and 82.6% were situated in the United States or Canada. Similar 

surveys and results in other countries had not been reported. However, the use of 
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BIM in large projects has been growing, particularly in the last couple of years. 

Table 4 shows a number of BIM representative projects reported around the world 

since 2002.  

Table 4: Representative Projects using BIM  

Country  Project Name (Year of Completion) Type of Project (Storeys; GFA)
SOUTHEAST ASIA 
People 
Republic of 
China 

Anshan Technology University Institutional (5; 40,000m2)  

 Beijing National Aquatics Centre Sport Facility (90,000m2) 
 Commerical Development in at Chaoyang District, 

Beijing, China 
Office (21; 250,000 m2) 

 个旧市青年路住宅项目 

Residential Project at Qingnian Road, Gejiu city, 
Yunnan 

Residential (19; 43,240m2) 

 上海中建大厦 

CSCEC Building, Shanghai 
Office (30; 100,000m2) 

 中国江苏省南京市泛会所 

Fan Hui Suo, Nanjing City, Jiangsu 
Office/Retail(6; 21,000m2) 

 恒安大厦 

Hengan Building 
Office/Hotel (13; 30,000m2) 

 黑龙江省大庆市青少年科技活动中心 

Youth community center for Science and Technology, 
Daqing city, Heilongjiang 

Institutional (3; 22,000m2) 

 辽宁省沈阳市家世界广场 

Jiashijie square, Shenyang city, Liaoning 
Residential/Retail (16; 
80,000m2) 

 上海市华东理工大学活动中心 

Student Center EastChina University of Science and 
Technology, Shanghai 

Institutional (5; 15,000m2) 

 安徽芜湖凤凰美食城 

Fenghuang Meishi square, Wuhu city, Anhui 
Retail (12; 50,000m2) 

 福建省福州市华侨大学学术交流中心 

Academic center Huaqiao University, Fuzhou city, 
Fujian 

Institutional (9; 16,000m2) 

Hong Kong, 
China 

Fukien School Swimming Pool (2007) Sport Facility (2; 3,000 m2) 

 One Island East (2008) Office (81; 140,000m2)  
 Community College, City University of Hong Kong 

(2008) 
Institutional (9; 42,000m2)  

SOUTH ASIA PACIFIC 
Australia The Strand (2006) Residential (12; m2) 
 Eureka Tower (2006) Residential (92; 52,000m2) 
SOUTH AFRICA 
 Glynnwood Hospital, Johannesburg (2006) Healthcare (5; unknown m2)  
 Walmer Park Shopping Centre, Port Elizabeth Retail (10,000m2) 
MIDDLE EAST 
Saudi 
Arabia. 

Thalia Galleria, Riyadh  Retail (6; 100,000m2) 

   
Dubai Emirates Eye (2006) Hotel, office, retail (106; 

160,000m2) 
 Ocean Heights 1  (2008) Residential (82; 77,000 m2) 
NORTH AMERICA 
USA Freedom Tower (2009) Office (82; 242,000m2) 
 Renaissance Boston Waterfront Hotel (2007) Hotel (21; 36,000m2) 
 Carnegie Tower, Philadelphia (2008) Residential (17; 5,600m2) 
 Colony Crossing Retail, Mississippi (2006) Retail (1; 25,500m2) 
 Flint Global V6 Engine Plant Expansion Factory (41,063m2) 
 United States Coast Guard Government  
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 San Francisco Federal Building Office (18; 56,206m2) 
 Camino Medical Group Mountain View Medical Office Healthcare (39,092m2) 
 Penn National Parking Structure Parking (5; 71,860m2) 
 Hillwood Commercial Project Office-Retail (6; 12,835m2) 
 U.S. Courthouse, Jackson, Mississippi Government (6; 37,161m2) 
 100 11th Avenue, New York City Residential (21; unknown m2) 
 H&R Block Center Office (16; 51,000m2) 
EUROPE 
Finland Auditorium Extension to Helsinki University of 

Technology (2002) 
Institutional 

Poland PZU Tower  Office (68,000m2) 
UK FDA Centre for Drug Evaluation and 

Research 
Institutional (6; 28,000m2)  

 Pan Peninsula (2009) Residential (50 & 39; 
54,000m2) 

 Ford Centre of Engineering and Manufacturing 
Excellence Building (2003) 

Institutional (2; 10,000 m2) 

Germany FrankfurtHochVier (2007) Office (8; 12,000m2) 
 Aussenansicht Retail (; 75,000m2) 
Sources: Compiled from Autodesk (2007a), Bentley (2007), Eastman et al (2008), Graphisoft (2007), Gehry 
Technologies (2007), Nemetschek (2007), HKIA (2007), Tse et al (2006) and various websites of the project 
owners. The year of completion, no. of storeys and gross floor area (GFA) are indicative only.  

2.5 MAJOR BIM SOLUTIONS 

Prior to studying the data exchange standards, the basic features of the BIM 

software stated in Section 2.4.4 are reviewed in this section. However, there is no 

intention to compare or comment on the selection of a particular solution. Owing 

to the availability of information and software, some BIM solutions are addressed 

more fully than others.  

2.5.1 Autodesk Revit 

Revit originally only had one platform, i.e. Revit, for architecture modelling. 

After the buyout by Autodesk, it has been undergone further development for the 

enhancement of its capabilities, to include such as the modelling of structure and 

building services [i.e. Mechanical, Electrical & Plumbing (MEP) Systems]. Revit 

was first split into Revit Building and Revit Structure in 2005. Revit Building 

retains most of the capabilities in the original Revit platform whereas Revit 

Structure includes the new capabilities in the structural discipline. Revit Systems 
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(i.e. Revit’s MEP platform) was subsequently launched in 2006. While these 

systems are separate platforms, a file created in either one of them can be opened 

in the other platforms. This indicates Revit Building/Structure/Systems are rooted 

in the same programming architecture. For this reason, the following section 

explores only the interface and functions in Revit Building. 

 

Revit Building (version 8.1) has 17 families of predefined building objects listed 

in the modelling pallet. Once an object is selected, a pull-down menu show a 

default sub-type of that object. There are a number of predefined sub-types under 

each family. By clicking the “Properties” icon, the “Element Properties” dialogue 

box is opened up and shows all of the accessible parameters of the chosen sub-

type. Figure 3 shows an example of a sub-type under the “Wall” family. These 

parameters logically fall into “Type Parameters” and “Instance Parameters” for 

controlling parameters applying to all instances and individual instances, 

respectively. All of these properties are fixed and only the property values can be 

changed. An existing sub-type can be duplicated and renamed as a new sub-type, 

but all of the associated parameters types cannot be deleted or renamed. 

Nevertheless, new object families, sub-types and parameters can be created from 

scratch using Revit’s built-in Family Editor and templates. The parameter type 

can be chosen from Text, Number, Integer, Length, Area, Volume, Angle, URL, 

Material and Yes/No. This provides the mechanism for creating building objects 

with rich embedded information.  
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Figure 3: Revit’s Element Properties and Type Properties dialogue boxes 

 

2.5.2 Autodesk Architecture Desktop 

Autodesk Architecture Desktop’s (ADT) interface is based on Autodesk’s entity-

based AutoCAD. The obvious differences are the additional Tool Palettes, 

Properties Palette and Style Manger, plus the predefined 

architecture/engineering/construction (A/E/C) objects (Figure 4). ADT and Revit 

seem to be two parallel BIM solutions. The future of ADT after the buyout of 

Revit has been frequently questioned. Goldberg (2004) stated that there were over 

a quarter of million ADT users around the world and that Autodesk would 

continue to develop ADT. The situation is that on the one hand ADT 2005 has 

been released recently, and on the other Autodesk is strongly promoting Revit and 

giving support to ADT users to switch to Revit (Autodesk 2004a & Autodesk 
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2004b). Day (2002) pointed out that “…. ADT is an attempt at an intelligent 3D 

modelling system built inside a 2D foundation product ….” He elaborated upon 

several shortcomings of ADT, quoted from Autodesk, stated that ADT is a 

transitional product, concluding that Revit would be Autodesk’s real BIM solution 

in the future. ADT is compatible with IFC and equipped with an Application 

Programming Interface (API), while Revit 8.0 and earlier versions were not (Day 

2002). API allows third-party software developers to access the underlying 

operation programme and perform additional functions on top of those developed 

by the software vendors (ComputeWorld 2000). These were the key advantages of 

ADT for the development of additional design modules. However, Revit 8.1 and 

later versions support API and IFC. 

  

Figure 4: Interface of ADT 2005 
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2.5.3 Bentley Architecture/TriForma 

Bentley Architecture interface is entirely different from other types of BIM 

software, in the sense that it is not a standalone application but a plug-in tool of 

Bentley MicroStation TriForma. This is also a plug-in tool of the fundamental 

Bentley MicroStation (Bentley 2004b). In principle, Bentley MicroStation is 

comparable with Autodesk AutoCAD as they are both entity-based CAD 

applications, and Bentley TriForma is similar to ADT as each provides additional 

interfaces and associated architecture objects on top of a 2D foundation product. 

While there are obvious distinctions between ADT and Revit, the rational of 

adding Bentley Architecture to TriForma is ambiguous to some CAD users. 

Upfrontezine (2001) explained that TriForma is a generic solid engine that 

supports a number of design modules and is not as architecture-specific as it could 

be. Although there are architecture objects such as doors, TriForma objects are not 

intelligent and cannot be related to associated objects such as walls. Bentley 

Architecture therefore makes up for the deficiencies of TriForma in upfront 

planning and design, true parametric oriented objects, and enhanced extraction 

functionality.  
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Figure 5: Interface of Microstation Triforma 

 

Figure 6: Interface of Bentley Architecture 
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2.5.4 Gehry Technologies’ Digital Project 

Digital Project (DP) was launched by Gehry Technologies in 2002. This is an 

alternative BIM solution rooted on a mature Mechanical CAD system – CATIA 

(Computer Aided Three-Dimensional Interactive Application) in the automobile 

and aerospace industries. This migration was a result of Gehry Partners 

Architects’ experience and expertise in using CATIA on a number of signature 

buildings such as the MIT Stata Center, Guggenheim Museum in Bilbao, and the 

Walt Disney Concert Hall (Gehry Technologies 2007). These projects proved the 

possibility of designing, documenting and building complex freeform buildings, 

all of which would be difficult to achieve using traditional 2D architecture CAD 

software.  

 

Figure 7: Interface of Gehry Technologies Digital Project 

Source: Image courtesy of Swire Property Limited and Gehry Technologies 
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2.5.5 Graphisoft ArchiCAD 

In ArchiCAD, the modelling objects are divided into construction elements and 

GDL (Geometric Description Language) objects. Construction elements are basic 

objects, including walls, columns, beams, slabs, roofs and meshes, for the 

construction of the building carcases. These objects reside in the system and 

cannot be omitted. The available settings are grouped into geometry and 

positioning, floor plan and section, 3D model, listing and labelling. The other 

building objects, such as doors and windows, are GDL objects that reside in 

external library files (GraphiSoft 2004b). GDL is an open scriptable language that 

can be used to create new objects with rich parametric information. In addition to 

the settings as mentioned, other parameters can be defined when creating GDL 

objects through the use of third-party GDL object editors (GDL 2004). As such, 

GDL is the agent for adding an unlimited number of BIM objects into ArchiCAD. 

Before placing a construction element or GDL object in a BIM, the default 

parameters can be modified via ArchiCAD’s “Object Settings” dialogue boxes. 

Because of the extra parameters, the dialogue boxes of GDL objects have more 

settings available than those of the construction elements. This is illustrated by a 

comparison between the door and the wall setting dialogue boxes in Figure 9. 
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Figure 8: ArchiCAD Interface 

         

Figure 9: ArchiCAD’s Door default settings (left) and Wall default settings (right) dialogue boxes 

 

2.5.6 Nemetschek AllPlan 

Nemetschek AllPlan has been introduced by a company based in Germany, 

Nemetschek AG, claims to be the top architectural design program in Germany 

(Ross 2002). As revealed by Nemetschek (2007), 21 out of 22 (or 95%) resellers 

of the company’s products are located in Europe. Langdon (2001) and GeoPraxis 
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(2004) both stressed that AllPlan is not a mainstream CAD in the USA even 

though there is a distributor in that country. Nevertheless, Ross (2002) 

demonstrated its strong BIM architecture and associated functionalities. Similar to 

other BIM software, AllPlan generates different 2D/3D views, schedules and 

reports from the same central modelling database. Information interoperability has 

been a strength of AllPlan. It is fully compatible with IFC 2.x as well as with 

ODBC, making it possible to consider it as a tool for nD modelling.  

2.6 INTEROPERABILITY - BIM DATA EXCHANGE STANDARDS 

Every BIM software package has its own proprietary data file standard. The data 

in a proprietary standard, e.g. RVT in Revit, is represented as binary code which 

cannot be tapped by others without an API. Nevertheless, the proprietary data can 

also be exported or saved as some other proprietary and open standard for data 

exchange (Autodesk 2008, Bentley 2008, Graphisoft 2008, GT 2008, Nemetschek 

2008). An open standard uses source code which can be read, redistributed, and 

modified for a programme without cost (Open Source Initiative 2002). Drawing 

eXchange Format (DXF) and Initial Graphic Exchange Standard (IGES) are 

examples of file-based exchange standards that exchange only geometry in the 

early days. Today, the Industry Foundation Classes (IFC) and CIMsteel 

Integration Standard Version 2 (CIS/2) are the two main building product data 

models (Eastman et al 2008). Table 5 lists both the proprietary and open standards 

of the BIM software discussed in Section 2.5. The following sub-sections further 

explorer the open standards which are vital for enabling interoperability between 

software applications.  
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Table 5: Proprietary and Open Standards of Major BIM Software 

 Autodesk 
ADT 
2005 

Autodesk
Revit 9.0

Bentley 
Architect. 

XM 

Bentley 
TriForma 

XM 

GT Digital  
Project V2 

Graphisoft 
ArchiCAD 

9 

Nemetschek 
AllPlan 2006

Open Standards        
STEP   I/E I/E    
IFC I/E I/E I/E I/E  I/E l/E 
HTML 
(Room/Area) 

 E      

gbXML  E      
ODBC  E      
Proprietary 
Standards 

       

KML (Google 
Earth) 

  E E    

U3D   E E    
WMF (Metafile) E     E  
DGN  I/E N N   I/E 
DWG N I/E E E  E I/E 
DXF I/E I/E E E  E I/E 
RVT  N      
DWF  I/E      
EPS (Encapsulated 
PS) 

E       

DXX (DXX Extract) E       
IMAGE E E    E  
3ds (3D Studio) E     E I/E 
SKP (Sketchup)        
C4D       I/E 
HPGL2       I/E 
RLD (Reline file)    E    
PLN      N  

Notes: The standards of AllPlan are extracted from Nemetschek (2007). All other standards are identified through hands-on 
operation of the software. N = Native file format; I = Import; E = Export 

 

2.6.1 STEP (ISO 10303) 

The STEP (Standard for the Technical Exchange of Product Model Data) is 

officially documented as ISO 10303 and the initial release was published by the 

International Organisation for Standardisation in 1994. It aims to provide a 

mechanism that is capable of describing product data throughout the life cycle of 

a product, independent from any particular system (ISO 2004). Reschke and 

Tucker (1996) further elaborates that STEP creates data interchange formats and 

standardised application programming interfaces (APIs) that enable the flow of 

product data between different software applications. STEP is the standard for the 
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representation and interchange of product data1 (Shaw 1999). An object-oriented 

machine readable modelling language, namely EXPRESS2, was one of the main 

products of STEP (Eastman et al 2008). In fact, engineering enterprises such as 

McDonnell-Douglas, Boeing, Rolls-Royce (Owen 1997), BMW, Volve and Bosch 

(Ungerer and Buchanan 2002), etc. have adopted STEP with success. The use of 

STEP, facilitated by some sorts of Product Data Management (PDM) systems and 

Interfaces, enables the transfer of product data between development partners and 

facilitates integration with the CAD systems (Gollnitz, et. al. 2001, Ungerer and 

Buchanan 2002). As compared to the manufacturing industry, the construction 

industry is considerably fragmented (CIRC 2001) and its products (i.e. buildings 

and infrastructures) may vary significantly from one project to the other. Hence, 

STEP needs further development if it is to be adopted in the construction industry. 

The Computers Models for the Building Industry in Europe (COMBINE) in early 

nineties is a well known previous STEP related effort on achieving 

interoperability in the AEC industry (Augenbroe 1994, Bazjanac and Crawley 

1997). However, COMBINE’s interoperability environment is limited to eight 

software applications. Since COMBINE was based on earlier STEP technology, 

the covered elements relevant to the AEC industry were limited (Bazjanac and 

Crawley 1997). The later Building and Construction Core Model (BCCM) in mid 

nineties was also developed within the context of STEP. This core model focuses 

on the integration of product data models which consist of detailed structure of 

entities representing product and process data (Leeuwen, Wagter and Oxman 

                                                 

1 Originally designed for 3-D CAD models in the product design and manufacturing world. “Product data is most often 
associated with the description of the processes of design and manufacture. The data it encompasses is most frequently 
associated with the physical aspects of products.” (ISO 1995) 
2 ISO 130311 (Part 11) – “….consists of language elements which allow an unambiguous data definition and specification 
of constraints on the data defined and by which aspects of product data can be specified.” (ISO 2004) 
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1996 and Tolman and Wix 1995). COMBINE and BCCM are two major ISO-

STEP related efforts influenced the work of the International Alliance for 

Interoperability (IAI) reviewed in the next section. 

2.6.2 Industry Foundation Classes (IFC) 

IFC (Industry Foundation Classes) was released by the International Alliance for 

Interoperability (IAI) in 1997. It is an object model for the share and exchange of 

product model information in the A/E/C industry. In essence, “IFC was developed 

to create a large set of consistent data representations of building information for 

exchange between AEC software applications (Eastman et al 2008)” and “the IAI 

effort has concentrated mainly on the construction of one ‘complete’ building 

model (Augenbroe et al 2004).” IFC provides a formal specification of 

requirements for the software houses to develop IFC-compliant software 

applications across all disciplines (IAI 2008). As shown in Table 5, all BIM 

software except Digital Project can export and import IFC files in P21 format. It 

has become the leading data exchange standard within the construction industry 

(Tarandi 2003). The IFC object model is represented electronically using the 

EXPRESS language defined by ISO. Data exchange can then be implemented by 

STEP. The BLIS (Building Lifecycle Interoperability Software) project is a 

showcase of some 60 coordinated IFC-compliant software packages (BLIS 2002). 

More recent studies and developments in the use of IFC have included the fourth 

dimension project (Kam et. al 2003), the design and production of precast 

concrete structures (Rönneblad and Olofsson 2003), structural analyses (Weise et. 

al. 2003), on-line construction product libraries (Owolabi et al 2003), and two-

dimensional model space extension (Kim et. al. 2003). These cases have 
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established that IFC is a suitable data exchange standard, subject to future 

improvements on the possible loss or distortion of data demonstrated by Niemioja 

(2001) and on the shortcomings discussed by Froese (2003). In early 2001 IAI 

started to develop ifcXML which binds the original IFC EXPRESS schemas to the 

extensible Markup Language (XML) schemas (IAI 2004). This has lead to a 

common misunderstanding about the co-existence of IFC and XML (Liebich 

2001). XML is simply a data structuring language (like EXPRESS) that requires 

the definition of schemas or libraries or specifications (i.e. the object model) by 

individual industries. Thus, the IFC object model can fit well into XML. XML, 

being a document modelling, is discussed separately in Chapter 3 – Document 

Modelling. 

2.6.3 Hyper Text Markup Language (HTML) 

HTML is a widely used language for publishing hypertext on the World Wide 

Web (W3C 2004). This standard is only available in Revit, among the BIM 

solutions. In a building, rooms and areas are abstract concepts rather than real 

objects such as walls, floor slabs and roofs. In a Revit BIM, they can be defined 

by inserting room tags in bound areas. A room/area schedule can then be 

generated within Revit and/or a more specified room/area report can be exported 

as a Hyper Text Markup Lauguage (HTML) file. Autodesk (2004b) claims that 

the HTML format is intended primarily for the European Market. From hands-on 

practice, it is noted that a room/area report has two parts. The first part describes 

the calculation method and the second tabulates the areas of the individual rooms. 

Since HTML is not a meta-language for structuring information, it is not an 

appropriate data format for downstream applications of building information.  
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2.6.4 Green Building eXtensible Markup Language (gbXML) 

gbXML is maintained by the Building Performance & Analysis (BPA) Working 

Group of A/E/CXML (Architecture/Engineering/Construction XML), under the 

roof of the International Alliance for Interoperability – North America Chapter 

(gbXML 2004 and IAI 2007). As the name suggests, gbXML is an XML subset 

focusing on the field of energy and heat load analysis. The several downstream 

applications of gbXML, include Green Building Studio, Trane Trace 700, 

Calibrated Load Shaping Module, EnergySave and Energy-10 (gbXML 2004). 

Although the specialisation of gbXML reflects its inadequacy for other 

downstream applications, the use of XML as an interfacing methodology between 

BIM and additional design modules is evident. The question is whether the other 

domain schemas are available and, more importantly, how they should be 

developed. In view of interoperability and standardisation, all the common XML 

elements in these domain schemas should be derived from the same upper layer 

schemas. The inclusion of gbXML into A/E/CXML is a clear example in this 

regard.  

2.6.5 Application Programming Interface (API) 

Open Database Connectivity (ODBC) is a widely accepted database protocol that 

can be inserted in an application using API for storing or retrieving information 

from a database (Chuck 1999). According to AutoCAD Revit, it only allows a 

BIM to be exported to an ODBC database such as dBASE, Paradox, Oracle, 

Access, SQL Server, Fox Pro and Sybase. There is no real-time connection or 

synchronisation between the BIM and the database. Any changes to the BIM can 

only be reflected by running the export routine again, and the database has no 
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control over the BIM. This means that Revit’s ODBC is a static interface for nD 

applications, but is still a valuable approach in certain circumstances. For example, 

a completed BIM instance is passed from the design team to the quantity 

surveying team, who can then use a standalone application to generate the bills of 

quantities to the required format. The workflow is in line with the current practice 

where quantity surveyors take off the quantities from blueprints furnished by 

designers.  

 

Goldberg (2004) stated that all data contained in a Revit BIM instance can be 

exported to an ODBC database. To draw a more comprehensive picture, a sample 

BIM instance was exported to an Access database for revealing the available 

export parameters. As indicated in Figure 10, Revit created 68 database tables 

representing 34 element categories in the whole BIM instance. Except for the 

“Rooms”, “Levels”, and “Profiles” category, each element has a pair of tables for 

model instances and model types (e.g. Walls and WallTypes). An “instances” 

table lists all of the BIM entity instances and the associated parameters under the 

same category. For instance, the default parameters of a wall include Id, TypeID, 

PhaseCreated, Volume, Area, Comments, Length, Mark, StructuralUsage, 

TopOffset, BaseOffset, BaseConstraint, UnconnectedHeight, TopConstraint and 

RoomBounding. A “types” table lists all of the other common parameters in an 

element category. In the wall example, these include Id, Model, Manufacturer, 

TypeComments, URL, Description, AssemblyCode, FamilyName, TypeName, 

Cost and Width. While the values of all default parameters can be changed, there 

is no way of adding, renaming or removing these parameters. 
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The database of an ArchiCAD BIM instance can also be accessed by using ODBC, 

but there is no direct export function within ArchiCAD. Building a client 

application, using the ArchiCAD Plan ODBC Driver as the API, is the only way 

to obtain the information generated by the model. GraphiSoft (2004b) shows that 

a BIM instance is represented by a maximum of 53 Construction Element Tables 

(CETs), 12 Attribute Tables (ATs) and 2 Miscellaneous Tables (MTs). The 53 

CETs are further structured under 15 main categories such as walls, beams and 

columns. The table contains detailed information about the whole BIM instance. 

For example, there are a total of 75 fields describing the walls. Some of the key 

fields are tabulated in Table 6. ArchiCAD defines rooms or areas in terms of 

zones. Similar to Revit, zone information is stored in a table if it is specified with 

the zone objects. Nevertheless, it is noticed that the coordinates of all BIM entity 

instances are not listed in the tables. This means that an ArchiCAD BIM instance 

cannot be rebuilt using client applications and ODBC. As a result, ArchiCAD’s 

ODBC is not suitable for downstream applications where geometric relationships 

between objects are of vital importance.  

 

 

Figure 10: An example of database tables exported by Revit 
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Table 6: Database of a wall in ArchiCAD 

Column Name Column Type Nullable Description 
HEIGHT DOUBLE False The total height of the wall. (in metres) 
THICKNESS DOUBLE False The thickness of the wall. (in metres) 
START_THICKNESS DOUBLE False The start thickness of the wall. (in metres) 
END_THICKNESS DOUBLE False The end thickness of the wall. (in metres) 
LENGTH DOUBLE False The length of the wall. (in metres) 
VOLUME DOUBLE False The volume of the wall. (in cubic metres) 

VOLUME DOUBLE 
False The surface of the wall on the reference line 

side. (in square metres) 

SURFACE_ON_SIDEA DOUBLE 
False The surface of the wall on the side opposite to 

the reference line. (in square metres) 

SURFACE_ON_SIDEB DOUBLE 
False The surface of the edges of the wall. (in square 

metres) 

SURFACE_ON_SIDEC DOUBLE 
False The surface of the edges of the wall. (in square 

metres) 
NAME CHAR (256) False The name of the component. 
DATABASE_QUANTITY DOUBLE False The database quantity of the component. 
UNIT CHAR (32) False The unit of the component. 

 Source: Extracted from ArchiCAD (2004c) 
 

2.7 CURRENT APPLICATIONS OF CAD AND BIM IN HONG KONG  

For the stated purpose of the thesis, it is worthwhile to have a critical review of 

the current applications of CAD and BIM in architecture practices in Hong Kong. 

Due to the lack of updated literature, a web-based questionnaire survey was 

conducted in Hong Kong in October 2004.  

2.7.1 Background of the Survey 

The questionnaire survey aims to study the use of CAD and BIM in the early 

stage of this PhD study. As shown in Appendix 1, the questionnaire starts with an 

introduction on the background and objectives of the study, specifies the target 

respondents and gives instructions for completion. There are a total of 18 

questions divided into five parts. Part I contains two foundation questions (Q1 to 

Q2) aimed at examining whether a respondent’s company is using the six 

identified kinds of BIM software. If the company was using or trying one or more 

kinds of software, then the respondent was required to complete Part III. This part 
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contains four questions (Q3 to Q6) intended to explore the extent, reasons and 

limitations of using BIM.  

 

If the company was not using any of the software, then the respondent was asked 

to complete Part II. This part has five questions (Q7 to Q11). The aim of Q7 is to 

investigate whether or not the respondent has heard about BIM. If yes, then the 

respondent was asked to answer the follow-up questions about the reasons for not 

using BIM and for moving to BIM. Otherwise, he/she could skip these questions. 

All of the respondents were asked to complete Part IV and Part V, irrespective of 

whether they were using or not using BIM. The five questions (Q12 to Q16) in 

Part IV were designed to study the use of other conventional CAD systems, 

design and drafting practices, CAD file exchange practices and knowledge of 

CAD data exchange standards.  

 

The aim of the two questions (Q17 to Q18) in the final part was to collect 

information about the sample.  The questionnaire was compiled as a web page 

using SurveySolutions and uploaded to the Hong Kong Polytechnic University’s 

Unix web server http://www.acad.polyu.edu.hk/~bstctse/survey_html/bim.htm. A 

cover letter together with the questionnaire address was then emailed to all 

architectural firms whose email addresses were available on the website of the 

Hong Kong Institute of Architects (HKIA 2004). Each company was asked to 

complete one questionnaire by designating either the CAD Manager/Supervisor, a 

CAD draftsman, or an architect at senior level to do so. By clicking the “Submit” 

button at the end of the web survey, the results were sent to the questionnaire 
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administrator’s email account. The number of completed responses, the number of 

e-mail addresses and the successful rate are discussed in Section 2.7.2. 

2.7.2 The Samples  

The electronic questionnaire was sent to 109 architecture firms whose valid email 

addresses were available from the Hong Kong Institute of Architects. Each 

company was asked to submit only one completed questionnaire to represent the 

practice of the whole company. A total of 21 questionnaires were received, 

representing the practice of 372 architects and 412 CAD draftsmen. The 

approximate total number of architects and CAD draftsmen in these 12 companies 

ranged from 4 to 230. By dividing them into groups of different sizes in the 

survey, almost a third (31%) were classified as small companies with 20 or fewer 

staff, nearly half (46%) are medium sized with 21 to 60 staff, and the rest (23%) 

are large with 61 or more staff. The architects/draftsmen ratio varied from 1:0.4 to 

1:1.5, with an average of 1.1 draftsmen supporting 1 architect. As shown in the 

study, the ratio for two-thirds (66%) of the firms was 1:1 or above and the 

reminder (34%) was below 1:1. These ratios reveal, to a certain extent, the degree 

to which architects are involved in CAD drafting and are relevant to the 

explanation of the subsequent results.    
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Table 7: Approximate total no. of architects and CAD draftsmen in the respondents’ company  

Questionnaire 
No. 

No. of 
Architects (a) 

No. of CAD 
Draftsmen (b)

No. of Architects & 
Draftsmen (c) = (a) + 
(b) 

Architects/Draftsmen Ratio
(a) : (b) 

Q8 2 2 4 (small size) 1 : 1 
Q7 2 3 5 (small size) 1 : 1.5 
Q15 6 5 11 (small size) 1 : 0.8 
Q2 10 8 18 (small size) 1 : 0.8 
Q17 12 14 26 (medium size) 1 : 1.2 
Q14 20 7 27 (medium size) 1 : 0.4 
Q11 15 15 30 (medium size) 1 : 1 
Q20 14 18 32 (medium size) 1 : 1.3 
Q1 20 40 60 (medium size) 1 : 2 
Q19 30 30 60 (medium size) 1 : 1 
Q4 45 20 65 (large size) 1 : 0.4 
Q10 100 120 220 (large size) 1 : 1.2 
Q13 100 130 230 (large size) 1 : 1.3 
Total 376 412 788    
Average 31 34 65 1 : 1.1 
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Figure 11: Approximate total number of architects and 
CAD draftsmen 

Figure 12: Approximate ratio of architects/draftsmen 

 
 

2.7.3 Use of Conventional CAD Software 

It is known that BIM is not as widely adopted as conventional CAD software. 

Prior to the discussion of the BIM-related results, it is necessary to know the 

uptake of the conventional CAD software in the respondents’ firms.  As can be 

seen from, the survey the widespread use of AutoCAD is evidenced. Although the 

figure shows that 95% (20 out of 21) of respondents are using AutoCAD, a further 

examination of the dataset revealed that the odd one was in fact using Autodesk 

Architecture Studio (which includes AutoCAD as a bundle of Autodesk products). 

In comparison, less than a quarter of the respondents’ firms had installed Bentley 
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MicroStation. A respondent commented that MicroStation was mainly used for 

civil engineering projects and that its use was specified by clients such as the 

Kowloon-Canton Railway Corporation, the Mass Transit Railway Corporation 

and the Airport Authority of Hong Kong. The drawings for the architecture 

portions must therefore be produced using MicroStation. For 3D rendering and 

visualisation, most (86%) the firms were using either Autodesk 3D Studio Max 

(50%) or 3D Studio VIZ (36%). Accurender, FormZ, Sketchup and 

Helix/CADDam (not listed but specified by a respondent) were found in a very 

small number (less than 10%) of firms.  
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Figure 13: The use of conventional CAD software 

Note: The list of software was adopted from GeoPraxis (2004) 

2.7.4  Use of BIM 

All of the respondents completed Part I of the questionnaire. As the results in 

shown, the overall uptake of BIM in architecture firms is still noticeably low. 

Autodesk ADT is currently being adopted and tested by slightly more than a 

quarter of the respondents (29%) and by a small percentage (14%) of firms 

respectively. A few (7%) declined the use ADT after the trial run. The remaining 
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half had never used or tested it. Among those using ADT, a respondent working in 

a large architecture practice remarked that the majority of the staff only used the 

“AutoCAD features” rather than the objects of ADT. This means that they were 

only producing 2D drawings, not real 3D building models. A contrary picture was 

drawn by another respondent working in a medium firm, where ADT’s objects 

were applied with the aim of increasing the speed of productions of drawings and 

amendments.  

 

Bentley MicroStation TriForma is considered to be a counterpart of ADT. The 

results show that a very small number of respondents were using (7%), testing 

(7%) or had tested but declined (7%) to use Triforma. Bentley Architecture was 

even not used by any of the respondents, although a few (7%) had tested it before. 

As mentioned, Bentley Architecture is a plug-in of TriForma, which in-turn is a 

plug-in of MicroStation. These results are not unexpected as MicroStation had 

significantly fewer users than AutoCAD.  

 

GraphiSoft ArchiCAD is used by slightly more than a tenth (14%) of the firms. 

The “declining” rate is similar to the above three applications as discussed. A 

respondent working in a large firm commented that ArchiCAD was only used by 

a marginal number of architects in design development although it had been 

installed for more than seven years. The other architects and CAD draftsmen used 

AutoCAD for producing drawings. Another respondent working in a small firm 

added that ArchiCAD was mainly applied in interior design projects, in which 

rendering 3D presentations was an important consideration.  

 



Chapter 2 – Product/Building Information Modelling 

 

 

 44

AutoCAD Revit is deemed to be a newcomer in the BIM arena. The number of 

users was similar to ArchiCAD, but comparatively more firms (14%) had rejected 

Revit after a trial run. There are probably two reasons for the higher rejection rate. 

First, Autodesk has been a key player in the CAD market of Hong Kong. Most 

AutoCAD users are kept informed about Autodesk’s latest products by means of 

seminars and emails. Second, Autodesk is adopting an aggressive strategy in 

promoting Revit. A 60-day trial version of Revit is currently downloadable from 

Autodesk’s website. It is free of charge but includes most of the functionalities. 

Hence, more respondents may have tested Revit but declined to use it. By contrast, 

the only possible way of testing the other software is to buy a license from the 

respective vendors.  

 

Nemetschek AllPlan was not used or tested by any of the respondents. In line with 

GeoPraxis’ (2004) findings, this result is expected, as Nemetschek is the only 

vendor without a sales office or representative in Hong Kong. None of the 

respondents specified other types of BIM software in Question 2.  

 

 

Figure 14: Use of BIM 
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2.7.5  Extent of Use of BIM 

The low uptake and infrequent use of BIM are consistent with the results in 

Figure15, which shows that around two-thirds (63%) of BIM-equipped firms had 

built building models for not more than half of the projects. Although a quarter 

of the firms applied BIM in a significant percentage (75-100%) of their projects, 

it should be noted that a few might actually use the 2D features of ADT as well 

as TriForma, as mentioned in section 5.3.  

 

Figure 15: Percentage of projects developed using BIM 

2.7.6  Reasons for Using BIM 

As the results shown, the respondents agreed or even strongly agreed that 

“creating views and schedules dynamically and automatically” was the most 

salient reason for using BIM. Nearly two-thirds (62.5%) and slightly more than 

one-thirds (38%) respectively saw “reflecting changes instantly in all drawings 

and schedules” and “single project file” as two other driving forces. Three 

quarters held a neutral view on the “Toolbars oriented” operation. A respondent 

elaborated in Question 5 that it is faster to type commands than to click toolbars, 

provided that one is familiar with the “command oriented” operation. This could 

explain why the remaining quarter had opposite views on this reason. In marked 

contrast, around two-thirds clearly indicated that “required by clients” and 
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“required by other project team members” were not reasons for using BIM, 

simply because there were actually no such requirements in the industry. 

Regarding “compatibility with data exchange standards”, more respondents 

disagreed than agreed with this reason.  

 

Figure 16: Reasons for using BIM 

2.7.7  Shortcomings of Current BIM 

As collected from Question 6, a small number of respondents were disgruntled 

about the features of some BIM software. A few pinpointed that certain projects 

had a great deal of freeform in-situ concrete designs. Their BIM solutions either 

did not provide such freeform capability or it was rather cumbersome to customise 

the built-in objects. This can explain why other respondents simply specified “not 

easy to use”. As was discovered in the literature review and hands-on testing, 

most BIM are now able to construct freeform building elements such as curved 

concrete roofs and curtain walls. However, the necessary prerequisites are 

knowledge of object customisations and the extended model construction time. 

These issues are believed to be the key factors threatening the move from 
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conventional 2D drafting to 3D modelling. Other shortcomings include “lack of 

table customisation”, “not enough objects”, “speed of system is not fast enough”, 

and “text and dimension compatibility with AutoCAD”.  

2.7.8  Reasons for Not Using BIM 

According to the results obtained in Question 1, around two-fifths (43%) of the 

respondents had never used or tested any of the six listed types of BIM software. 

Question 7 further revealed that slightly more than half (54%) of them had never 

heard of these BIM software .  

 

Figure 17: Recognition of the existence of BIM 

 

Question 8 was answered by all of those respondents who were not using BIM but 

who recognised its existence. As shown in the responses, the major reasons for 

not using BIM were the fact that clients and other project team members did not 

require it to be used. Two-thirds of the respondents agreed that existing entity-

based CAD systems can fulfil the design and drafting needs. Regarding the time 

issue, half indicated that BIM cannot reduce the drafting time and the other half 

were neutral. One-thirds of the respondents agreed that inadequate skills/training 

and BIM features/flexibility were two other reasons. The other two-thirds were all 
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neutral towards these factors rather than opposed to them. There were divergent 

views on whether cost was a consideration for not using BIM. In the additional 

reasons obtained in Question 9, one respondent suggested that the prices of BIM 

software should be reduced significantly in order to increase the incentive to adopt 

this new technology. 

 

Figure 18: Reasons for not using BIM 

2.7.9  Reasons for Moving to BIM 

The results in Question 8 were verified in Question 10. It can be seen that over 

80% of the respondents would probably move to BIM if required to by clients. 

The reasons are apparent and there are concrete examples where clients (both 

public and private) successfully introduced and implemented new initiatives in 

construction projects or even in the construction industry as a whole. Two-thirds 

of the respondents agreed that the decision to the move to BIM would be 

influenced by other members of the project team, and also by the amount of 

technical support and training that was given. While it is questionable whether 

architecture firms will follow the requirements set by external project parties, a 



Chapter 2 – Product/Building Information Modelling 

 

 

 49

large user base would be a positive driving force for the adoption of new 

technologies. The majority (over 80%) of the respondents also stated that they 

wanted to see large productivity gain software and half indicated that they wanted 

to see downstream applications of BIM. The results suggest that more efforts 

should be put into promoting the advantages of BIM over conventional entity-

based CAD software, and into enabling the application programming interface as 

well as into promoting information interoperability. As collected in Question 11, 

other motivations include reducing the prices of BIM and providing a free trial 

period.  

 

Figure 19: Reasons for moving to BIM 

2.7.10  Computer-Aided Design and Drafting Practice 

There are two main approaches in computer-aided design and drafting in 

architecture firms: i) Architects develop the design on papers, whereas draftsmen 

are responsible for all of the CAD inputs; ii) Architects develop the design with 

CAD, whereas draftsmen are mainly responsible for making the changes. The 

respondents were asked to indicate which approach best describes the practice in 

their companies, or to specify the common practice. Unambiguously shows that 
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the separation of design and CAD drafting is the mainstream practice in about 

86% of the respondents’ firms. It is an obstacle to the adoption of BIM, which is 

positioned to be not only an electronic drafting board but, more importantly, a 

design tool. In view of this, architects would need to switch from paper-based 

designs to BIM-based designs and to equip themselves with the necessary skills. 

Another possible scenario is that the spilt between design and drafting remains 

unchanged, but CAD draftsmen would use BIM as no more than an intelligent 

drawing production tool and the quality of the information generation by the 

model would be undermined.   

  

Figure 20: CAD design and drafting practice 

 

Figure 21: Practice on providing CAD files for project 
parties 

 

2.7.11  Practice of Exchanging CAD Files 

The provision of electronic BIM files to other external project parties is essential 

to downstream applications of the building information. It shows that a large 

number of firms provide CAD files for free (58%) or for a fee (21%) ranging from 

HK$300 to HK$800 per file upon request. As revealed previously, these CAD 
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files are deemed to be prepared using AutoCAD or MicroStation. If a project has 

100 CAD files, the cost of obtaining the whole set of electronic drawings would 

be HK$30,000 to HK$80,000 (assuming that there is no extra fee to obtain 

subsequent updated files). It could be a small amount compared to the contract 

sums or the consultant fees, but might also be a barrier to the exchange of building 

information among project team members.   

2.7.12  Knowledge of CAD Data Exchange Standards 

The below Figure 22 presents the respondents’ knowledge of four major CAD 

data exchange standards. It reveals that the majority of the respondents were 

familiar with DXF but not with IFC, IGES and STEP. The result for STEP is 

unexpected as STEP has been unveiled for a much longer period of time than IFC.  

 

 

Figure 22: Knowledge of data exchange standards 
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2.7.13 Summary of the Survey 

This questionnaire survey revealed that the uptake of BIM in Hong Kong is still 

very low and that conventional entity-based CAD software (in particular 

AutoCAD and MicroStation) remain the de-facto drafting tools.  Of all of these 

barriers to the use of BIM, the separation of design and drafting is a common 

practice that is more difficult to solve than the technical barriers. Corresponding 

to the low uptake of BIM, a large majority (85%) of the respondents had never 

heard about IFC or only had very little IFC knowledge.  

2.8 CRITICAL REVIEW OF IFC  

As discussed in section 2.6.2, IFC has become the leading data exchange standard 

which is supported by most BIM software vendors. This section further explores 

IFC in terms of the development, scope, structure and limitations.   

2.8.1 IFC Versions and Scope 

The first release of IFC (IFC Release 1.0) version only supported a small fraction 

of the processes in the architecture, HVAC, construction management and 

facilities management. As shown in Table 8, nine new versions of IFC were 

published to reflect the improvement of earlier releases and the inclusion of new 

scope of IFC over the past decade (IAI 2009).  

Table 8: IFC versions and their main scope of development since IFC Release 1.0 issued in January 1997 

 
Version Scope of Release/Major Changes 

IFC Release 1.0 Supported a limited set of processes in architectural design, HVAC engineering design, 
facilities management, and cost estimating 

IFC Release 1.5 Improved the IFC technical architecture and extended the IFC model to provide a basis 
for commercial software 

IFC Release 1.5.1 Resolved the implementation issues based on previous results and improved the core 
and resource elements.  
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IFC Release 2.0 Extended the domain coverage. Key parts of the core and resource models remain 
unchanged although some additional features were added. 

IFC 2x Created a platform containing additional classes and provided for the sharing of 
information between domain areas. 

IFC 2x Addendum 1 Corrected some minor inconsistencies in the model and errors in documentation. 

IFC 2x2 Significantly extended the domain coverage of the IFC model with particular emphasis 
on building services and structural engineering. Included the drafting presentation 
model adapted from ISO 10303 part 202.  

IFC 2x2 Addendum 1 Added and corrected the property sets; improved the documentation. 

IFC 2x3 Expanded to 9 product data domains ncluding building controls, plumbing and fire 
protection, structural elements, structural analysis, HVAC (heating, ventilation and air-
conditioning), electrical, architectural, construction management and facility 
management  

IFC 2x4 beta 1 Combines a number of feature increases with some major rework and improvements of 
the existing IFC specification 

 
Source: Compiled from IAI (2009) 

 

The IFC2x3, published in June 2006, had been expanded to nine product data 

domains including building controls, plumbing and fire protection, structural 

elements, structural analysis, HVAC (heating, ventilation and air-conditioning), 

electrical, architectural, construction management and facility management (see 

Figure 23). The latest IFC2x4 beta 1, released in May 2009, combines a number 

of feature increases with some major rework and improvements of the existing 

IFC specification (IAI 2009). 

 
 



Chapter 2 – Product/Building Information Modelling 

 

 

 54

 

Figure 23: IFC 2X3 Architecture 

Source: IAI (2007) 

 

According to IFCWIKI (2007), IFC-compliance solutions have gone through a 

two-stage certification process. Stage 1 tests the software against an agreed set of 

unit test case and stage 2 against project files supplied by beta customers. The 

status of certification for BIM solutions is shown in 



Chapter 2 – Product/Building Information Modelling 

 

 

 55

Table 9.  
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Table 9: IFC certification status of BIM solutions as at 26 Feb 2007 

Company Product Product 
Version 

IFC 
Version 

Date Stage of Certification 

Autodesk Revit Building  9.0 IFC2x3 
IFC2x2 

29 Jun 06 
18 Nov 05 

1 
2 

Autodesk Architecture 
Desktop* 

2005 IFC2x 07 May 
03 

2 

Bentley Bentley 
Architecture 

XM IFC2x3 
IFC2x 

29 Jun 06 
07 May 
03 

1 
2 

Graphisoft ArchiCAD 9 IFC2x3 
IFC2x2 
IFC2x 

29 Jun 06 
29 Oct 04 
07 May 
03 

1 
2 
2 

Nemetschek AllPlan 2006 IFC2x3 
IFC2x 

29 Jun 06 
07 May 
03 

1 
2 

Source: This table is complied in reference to ifcwiki (2007), IAI (2007) and individual products. 
Notes: * The IFC2x capability of Architecture Desktop is provided as an add-on by Inopso.  
 

2.8.2 IFC File Structure 

The IFC certified BIM software can import and export IFC files in P21 format 

from native building information models. Since IFC is an open standard, the files 

are text-based and can be opened using text editing tools such as Notepad and 

Microsoft Words. To examine the file syntax and structure, an IFC 2x2 file is 

exported from a Revit BIM instance of a typical 30-storey residential building in 

Hong Kong. The native Revit model size is 20 MB, whereas the exported IFC file 

only has 23 MB. Figure 24 and Figure 25 are the screen shots of the beginning 

and end of the IFC file which has more than 380,000 lines of data. These lines are 

fall into four main sections, namely start declaration, header, data and end 

declaration. The start declaration is the first line which clearly indicates the file is 

in compliance with ISO-10303-21, i.e. Part 21: STEP implementation method of 

product data representation and exchange. The next five lines belong to the header 

section contains the description, name and schema of the IFC file. The data 

section has the most number of lines storing the data about the IFC file. The 
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number of data lines depends on the complexity of the IFC file. Following the 

data section, the last line declares the end of the file.  

 

 

Figure 24: The beginning of an IFC file 

 

 

 Figure 25: The end of an IFC file 
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2.8.3 The EXPRESS Syntax for Non-Geometrical and Geometrical 
Information 

IFC is compliance with ISO10303-21 and hence it uses EXPRESS as an 

implementation language for both non-geometrical and geometrical information. 

The syntax of an IFC clause comprises of an IFC entity followed by the associated 

attributes in blankets. For example, #1=IFCORGANIZATION($,‘Autodesk Revit 

Building 8.1’,$,$,$). The IFC entity in this clause is IFCORGANIZATION. 

According to IAI (2007), it is defined as “A named and structured grouping with 

a corporate identity” and associated with five attributes namely “Id”, “Name”, 

“Description”, “Roles” and “Addresses” separated by commas. Each attribute has 

a clear definition, belongs to a specific data name and type and is either 

mandatory or optional (Table 9). In the above example, the dollar signs $ denote 

nil data in those optional attributes. For the mandatory attribute “Name”, the 

string is enclosed with open and close quotation marks.  

 

Table 10: Attributes of the IFCORGANISATION entity 

Attribute 
Name 

Definition Mandatory/Optional Data Name Date Type 

Id Identification of the organization Optional IfcIdentifier STRING 
Name The word, or group of words, by 

which the organization is 
referred to 

Mandatory IfcLabel STRING 

Description Text that relates the nature of the 
organization 

Optional IfcText STRING 

Roles Roles played by the organization Optional IfcActorRole ENUMERATION 
/ STRING  

Address Postal and telecom addresses of 
an organization 

Optional IfcAddress STRING 

Source: Compiled from IAI (2007) 

  

The geometrical information is also defined in a similar way. Figure 26 illustrates 

how a wall is evolved from point, line, area and solid in the IFC file. First of all, 

two Cartesian points are created in the model space (#188 and #189). A Polyline 
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can then be drawn from these two points (#190) and this line is represented as the 

axis of the wall (#191). After that, four other points are created (#192 to #195) for 

drawing an enclosed polyline. (#196). The enclosed area is defined as the base 

area of the wall (#197). The work plan is then changed from X-Y to Y-Z (#198). 

The base area is extruded as a solid along the z-axis for 2800 mm (#199). Finally, 

this becomes a wall which is defined as a SweptSolid under IFC.  

 

 Figure 26: A fragment of an IFC file defining a wall 

2.8.4 Limitations of IFC 

The above discussion and illustrations show that IFC can be considered as a STEP 

standard for the A/E/C industry. In other words, IFC is deemed to be a standard 

for the technical exchange of building product data and hence an IFC file is a 

digital representation of a building product model. Although IFC has a concept of 

association to documents, this concept is only provided to establish links between 

a document reference and an object. This limitation is clearly stated by IAI (2003), 

“it should be noted, that the IFC model will not contain the document itself, but 
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only the header information of the document as well as the access path to the 

document.”.  The data structure and interoperability of documents are not tackled 

by IFC. Augerbroe et al (2004) points out that the one ‘complete’ building model 

concept results in heave models that cannot be handled by any application or 

interface programmer. In addition, the development of IFC does not take the 

process context into account, resulting inefficient integration of the IFC model 

and other analysis applications. The above limitations of IFC should be taken into 

account when proposing an integrated solution of product and document modeling. 

2.8.5 Current Applications of IFC 

While BIM can exist in a construction project without involving IFC, the 

application of IFC must rely upon the deployment of BIM. This is the reason why 

IFC was not involved in the majority of the BIM cases previously reviewed in 

Section 2.2.4 and Table 4. This section presents the current applications of IFC in 

addition to those past efforts as discussed in Section 2.6.2. It is noted that Eastman 

et al (2008) and IAI (2009) are the two major sources of literatures on these 

current efforts. 

 

(i) IFC Toolboxes, Viewers, Browsers and Validators 

The most common type of IFC exchange between two applications is to export an 

IFC instance from the source application and to open this file instance in the 

receiving application (Eastman et al 2008). Nevertheless, a number of tools for the 

development of IFC compliance software, viewing, debugging, and verification of 

IFC instances have been launched by different tool developers. The names and 

general purposes of these tools are listed in 
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Table 11. 
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Table 11: List of IFC Tools 

Category/Name of Tool General Purpose 
IFC Toolboxes (generic toolbox) 
EPMdeveloperSeat Basic Software Development Kit for the transparent access to building 

information model (BIM) data in IFC 
EPMdeveloperSeat 
Professional 

Software Development Kit for the transparent access to all product 
models defined by the ISO EXPRESS language. 

EDMmodelMigrator Model Analysis and Specification of interface definitions 
 

EDMmodelConverter An module for EDMdevelopSeat™ and EDMserver™ for converting of 
database formats. 

IFC Class Toolbox Middleware for accessing/writing IFC information in a P21 formatted 
file; C++ based  

IFC Active Toolbox Middleware for accessing/writing IFC information in a P21 formatted 
file; ActiveX based 

ECCO Toolkit Software Development Environment for the development of EXPRESS- 
und EXPRESS-X based applications, like STEP or IFC applications. 

IFCsvr ActiveX Component IFC data I/O interface 
ST-Developer v10 Software Development Kit to read, write, create and modify the 

EXPRESS-defined IFC building model data. 
IFC Toolboxes (high level API) 
SABLE Server Application server giving access to single/multiple product model 

servers in a standard way 
BSPro COM-Server for IFC 
Files 

A middleware tool to exchange IFC-compliant building data 

IFC Engine DLL Simplifying the actual use of IFC and 3D in research and commercial 
projects 

IFC Model Servers  
EDMserver Database management system for all ISO 10303-11 EXPRESS schemas 
EDMmodelServer for IFC IFC data warehouse for construction project, product catalogues and 

knowledge management. 
EuroSTEP Model Server Product Model Server allowing distant and concurrent data sharing 
IFC Geometry Viewers 
DDS Ifc Viewer View IFC files, examine properties etc 
IfcStory View Viewing IFC files, both geometry and assigned attributes, in 2D and 3D 
IFC viewers Viewing IFC files and VRML Export 
Octaga Modeller Stand alone and OEM solution for viewing IFC and GML files. 
IFC Engine Viewer Viewing IFC files in 3D interactively with the textual representation of 

content in 4 different manners 
IFC/VRML Converter Viewing IFC files and VRML97 export 
IFC File Browsers 
STEP File Browser Browsing through IFC and other ISO 10303-21 format files 
IFC Engine Basic Browsing through IFC (SPFF) files 
IFC File Validators 
EDMmodel Checker An module for EDMdevelopSeat™ and EDMserver™ for constraint 

checking 
Express Engine Validate STEP data files (such as IFC files) using EXPRESS schema 

and translate data population from one EXPRESS schema to another 
using an EXPRESS-X mapping schema. 

IfcObjectCounter Semantic and syntactic checks of IFC Files 
STEP Conformance Checker Checking IFC and other ISO 10303-21 format files against 

the EXPRESS constraints described in their information model. 
SemanticSTEP Checker Highly efficient syntactic and semantic validation of IFC data files 
SemanticSTEP Generator Generation of IFC data sets for testing application interoperability 
IFC Schema Development Tools 
EDMvisualExpress™ Data modelling and documentation tool for ISO 10303:11 EXPRESS 

data models 
EXPRESS Compiler and 
EXPRESS-G Tools 

Checking EXPRESS schemas, converting them into C++ class 
definitions, HTML, or EXPRESS-G diagrams for publication 

Other IFC Related Tools 
CIS/2 to IFC Translator Translate CIS/2 files (CIMsteel Integration Standards) to IFC 
Source: IAI (2009) 
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(ii) Building Plans Submission and Checking 

Eastman et al (2008) has summarized various on-going IFC initiatives around the 

world. The COstruction and Real Estate NETwork (CORENET) led by the 

Ministry of National Development and driven by the Building and Construction 

Authority of Singapore is a well-know example. Apart from providing 

information services to the both public and private organizations, CORENET 

applies IFC in electronic building plans submission, checking and approval 

(CORENET 2009). The DesignCheckTM  developed by the Commonwealth 

Scientific and Industrial Research Organisation (CSIRO) of Australia is a 

similar application which provides automated checking of designs against 

Australian building codes (CSIRO 2009). The SMARTcodes project being 

undertaken by the International Code Council in the US is another initiative 

using BIM and IFC for design checking (ICC 2007). Similar to CORENET, the 

BuildingSmart initiative being led by the Norwegian government and 

construction industry also use BIM and IFC for e-submission of building plans 

and automatic code checking (Eastman et al 2008). Since 2007, all building 

projects of the General Services Administration of the US government have to 

be produced with BIM software. The current functional application of IFC is the 

checking of the preliminary concept design using IFC (GSA 2007 and Eastman 

et al 2008).   

 

(iii) 3D to 4D Modelling and Virtual Prototyping 

There have been a large number of studies into the development of 4D models 

that can display the 3D models according to the construction programmes 
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(Rischmoller et al. 2000, Fischer 2001, Lee et al. 2002, Kam et al. 2003 and 

Visual Engineering 2004). Fischer (2001) revealed that 4D modelling was initially 

based on a combination of 3D Studio Max (a non-BIM product) and Primavera 

Project Planner (a scheduling software). Kam et al. (2003) demonstrated a more 

advanced 4D simulation with the use of IFC, ArchiCAD and Planet (a scheduling 

software). A further advanced extension of 4D modelling is the Virtual 

Prototyping which allows process flow optimization, space analysis, collision 

detection, resource levelling, layout design and simulation, and structural analysis 

(Huang et al 2006 and Heng 2007).   

 

(iv) Eco-Building Analysis 

Sustainability has been an agenda around the world over the past few years. This 

has led to the development of BIM-IFC software tools for eco or green building 

analysis. The ECO-BUILD project being developed for the European 

Commission is a typical example. This project is aimed to reduce/eliminate the 

demand for resources including heating, cooling and lighting based on BIM and 

IFC (IAI 2009 and ICCR 2009). Energy Plus, ArchiPHYSIK, Ecotect, and 

RIUSKA are existing commercial tools which are based on IFC and have strong 

links with ArchiCAD using IFC, whereas Integrated Environmental Solutions 

(IES) links with Revit and provides similar functionalities (Khemlani 2007).  

2.9 CHAPTER SUMMARY   

This chapter studies Product Modelling with particular emphasis on product data 

interoperability standards in the Architecture/Engineering/Construction sector. 

The transition from the traditional 2-dimensional Computer Aided Design (2D 
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CAD) to the emerging Building Information Modelling (BIM) in architecture 

design is discussed. The pilot application of BIM in a number of real cases is also 

realized. Among various data exchange standards, Industry Foundation Classes 

(IFC) is identified as an open standard for the description and exchange of 

building product data. However, IFC is not designed to deal with structures and 

data in written documents. Apart from the IFC toolboxes, the current applications 

of BIM and IFC are mainly in building plan submission and checking, 3D to 4D 

modeling and virtual prototyping and eco-building analysis. Obviously, the 

interoperability gap between the IFC product model and existing document 

models needs to be investigated and filled. The next chapter reviews how 

documents are modeled and exchanged using the available technologies.  
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3.1 OUTLINE OF THE CHAPTER 

As mentioned in the introduction, the core of this PhD study is the integration of 

product modelling and document modelling. This chapter provides a literature 

review on the second facet – Document Modelling. It begins with an introduction 

to document modelling, followed by a review of the available document data 

exchange standards. Standards which are web-enabled and have the possibility to 

link with the Industry Foundation Classes (IFC) will be examined in detail in the 

subsequent sessions. 

3.2 INTRODUCTION TO DOCUMENT MODELLING 

Architecture/Engineering/Construction design is not only presented with drawings 

and product models. The business process also comes with a variety of written 

information which are organised in the form of documents. These documents 

formalise and facilitate business interactions between one party to another 

(Glushko and McGrath 2005). In line with the increasing uptake of the World 

Wide Web, more interactions have been moved from traditional paper-based to 

web-based. Document modelling, also known as document engineering or 

document assembly, refers to the structuring of document content for transaction 

(Bardley 2002, Basha 2006, Glushko and McGrath 2005). Despite a transaction 

can be simply done by uploading and downloading an electronic document to and 

from the internet, this method does not allow the computers to process the 

information. Document modelling goes beyond file exchange and looks at how a 

document is decomposed into data pieces for computation purposes (Glushko and 

McGrath 2005).    
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3.3 MARKUP LANGUAGES IN DOCUMENT MODELLING 

A document usually contains different fields of information. The cognitive and 

language ability of human can translate the patterns and semantic of the document 

content. However, the use of “Markup” is essential in document modelling and 

this term comes from the traditional publishing practice of marking up a 

manuscript (Coombs et al 1987 and Smith 1992). Three major markup languages 

have been developed for modelling documents (IXSUG 2002) and are discussed 

in the following sub-sections. 

3.3.1 Standard Generalised Markup Language (SGML)  

Standard Generalised Markup Language (SGML) is one of the earliest document 

modelling markup language introduced in 1980 and became an international 

standard (ISO 8879:19863) in 1986 (IXSUG4 2002). It is intending for the re-use 

of information by defining (marking up) documents in electronic form that are 

device-independent, system-independent, language-independent and application-

independent (Smith 1992). In simple sense, a document is saved as a straight text 

file with formats using special streams of ASCII characters known as markups 

(Edwards 2002). Thus SGML is also known as “Metalanguage – language for 

describing other languages” (Smith 1992 and ISXUG 2002). The Internet world’s 

HTML (HyperText Markup Language) and the state-of-the-art XML (Extensible 

Markup Language) are rooted in SGML (Byran 1997 and OASIS5 2002). The 

importance of SGML lies with its concept for formalising solutions (e.g. HTML 

and XML) in the context of computerised information management. Harvey (2001) 

                                                 

3 ISO 8879:1986 Information Processing – Text and Office Systems – Standard Generalised Markup Language 
4 International SGML/XML Users’ Group (ISUG) 
5 Organisation for the Advancement of Structured Information Standard (OASIS) 
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points out the SGML problems including high initial investment, lots of 

complexity, too many options/features, lack of intuitive end-user software and 

lack of vendors’ support for interoperability. Saarela and Hoschka (1998) adds 

that SGML has many infrequently used features, and more importantly, is 

designed for batch-processing, not internet. As a result, SGML has not gain 

popularity as it would be expected.   

3.3.2  Hypertext Markup Language (HTML) 

Hypertext Markup Language (HTML) is the standard text-formatting language for 

documents published on the Internet. It was unveiled in 1989 according to the 

rules defined in SGML (Byran 1997 and Encarta 2002). In other words, it is a 

language which converts paper documents into web pages. Although an 

informative web page can be built and well presented with HTML, the 

information is served up raw and is difficult to be analysed, extracted, sorted, 

styled and customised (ISXUG 2002). As elaborated by Smith (1992), embodied 

in SGML are the logical structure and the layout structure which refer to the 

elements (or contents) of the information and the styles of presentation associated 

with the information respectively. Therefore HTML makes the most use of the 

layout structure of SGML. Rubinsky and Maloney (1997) states that “….HTML 

taps only a small fraction of SGML’s potential.”.  HTML is simply too simple and 

unstructured to support communications because it only supports freedom data 

exchange (eConstruct 2000). 

3.3.3  Extensible Markup Language (XML) 

To efficiently codify and interpret SGML documents over the Internet, 

discussions were started to develop a subset of SGML in 1996 (Bryan 1997). This 
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subset is now called Extensible Markup Language (XML). XML is a mechanism 

to identify structures in vector graphic, e-commerce transactions, mathematical 

equations, object meta-data and other kinds of structured information (Walsh 

2002).  In short, XML is “a lightweight cut-down version of SGML which keeps 

enough of its functionality to make it useful but removes all the optional features 

which make SGML too complex to program for in a Web environment (IXSUG 

2002)”.  IXSUG (2002) states that “HTML tells how the data look like, but XML 

tells you what it means”. The core difference is thus between format and meaning. 

 

3.4 IN-DEPTH STUDY OF EXTENSIBLE MARKUP LANGUAGE (XML)  

Further to the discussion in Section 3.3, XML is identified to be an enabling 

markup language for document data interoperability. This section provides an in-

depth study of XML including XML Documents, Document Type Definition 

(DTD) or XML Schemas (XSD) and XML Transformation (XSLT) which are 

essential in the processing of XML documents (McKinnon & Mckinnon 2003).   

3.4.1 XML Documents 

As XML is used to mark up documents, an XML document contains basically the 

markup tags and the raw document information. A crucial characteristic of XML 

is that it allows individuals to define any tags and structures to markup the 

documents. Table 12 shows a simple document which is marked up in XML. The 

markup tags are distinguished with arrow brackets <>.  

 

The document contains three pieces of information, i.e. 100x100mm white glazed 

ceramic tiles, HK Tiles Company Ltd. and $20/pc. In XML, they could be marked 

up with the tags <model>, <supplier> and <unit rate> respectively and be 
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structured as the sub-elements of the main element <product>. Each name tag 

works in pair with a beginning and an end. An end tag, denoted by </>, indicates 

the end of main element or sub-element as well as the structure of a document. 

However, the tag names and the structure (also referred as the document model) 

must be defined in advance such that the nature of each piece of information can 

be identified.  

Table 12: A simple XML document 

<product> 
          <model>100x100 mm white glazed ceramic tiles</model> 
 <supplier>HK Tiles Company Ltd.</supplier> 
 <unit rate>$20</unit rate> 
</product> 

 

3.4.2 XML Schemas/Document Type Definition 

Extensible Markup Language (XML) delivers the concept of document modelling 

using the Document Type Definition (DTD) or Schemas. DTD was developed 

from SGML. It declares a set of element tags (library or vocabulary), the content 

model and a set of allowed attributes for each element. However, DTD has certain 

limitations such as “…limited ability to describe the data in elements and 

attributes” (McKinnon & Mckinnon 2003). As a result, W3C introduced a 

revamped DTD called XML Schemas to overcome these limitations. An XML 

schema is described as the structure of an XML document (W3C 2004).  XML 

supports both DTD and XML Schemas, such that it can accommodates existing 

SGML related standards which have been using DTD for years. It is believed that 

XML will become the next generation internet standard and most of the existing 

standards will be converted to XML (McKinnon & Mckinnon 2003).  

 

A DTD/Schema can either be established within an XML document or as a stand-

alone external file. The latter provides a single point of reference for multiple 

XML documents prepared by different parties. It can be uploaded to internet 
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servers for public access. Individual parties can then make use of the 

DTD/Schema file to derive the skeleton of the XML document (markup tags and 

structure), input the raw information and subsequently validate the XML 

documents using the Schema. This makes sure that all the XML documents are 

conformed to the schema for data transactions. XML allows a great deal of 

flexibility to present XML documents. As mentioned, it adopts the concept of 

separating document modelling and document presentation.  

 

3.4.3 XML Transformation and XSLT 

A single XML document can be transformed into different presentation formats, 

such as internet page (*.htm), portable file format (*.pdf), DataBase (*.db2) and 

MP3, using eXtensible Stylesheet Language Transformation (XSLT) files. 

(McKinnon & Mckinnon 2003). XSLT is also developed by W3C in 1999 and the 

latest version is XSLT 2.0 published in 2007 (W3C 2009).  

  

 

Figure 27: XML architecture 

 

The relationship of DTD/Schemas, XML and XSLT as discussed above is shown 

in Figure 27. XML still requires the definition of DTDs/Schemas for particular 

documents by individual industries, companies or even users. Therefore, XML is 

just a methodology of structuring information and not an information standard 
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(SIENE 2001). The document models (DTDs/Schemas) are not standardised and 

have to be set by different industries. In order words, XML requires the definition 

of schema6 or library or specification by individual industries. Therefore, there 

exist a number of subsets such as ebXML, bcXML, aecXML and ifcXML in the 

construction industry. All of them have a common objective, i.e. to enable 

information exchange and interoperability in the construction industry by 

developing the relevant XML specifications/DTDs/ schemas and vocabularies 

(eConstruct 2002, IAI 2002 and IAI 2003).  

3.4.4 ebXML 

Electronic Business XML (ebXML) is a joint initative of the United Nations 

(UN/CEFACT) and the Organisation for the Advancement of Structured 

Information Standards (OASIS). It took one and a half years to publish seven 

technical specifications (ebXML 1.0) in addition to a number of technical reports 

and white papers in May 2001 (Walsh 2002). According to ebXML (2004), the 

mission is “To provide an open XML-based infrastructure enabling the global use 

of electronic business information in an interoperable, secure and consistent 

manner by all parties.” In January 2002, the Government of Hong Kong funded 

US$1.2 million to the Centre of E-Commerce Infrastructure Development 7 

(CECID) to use ebXML to develop e-commerce software infrastructure and 

conduct pilot projects in Hong Kong (CECID 2002). It indicates the globalisation 

potential of ebXML.  

                                                 

6 “A schema is a model for describing the structure of information. It's a term borrowed from the database world to describe 
the structure of data in relational tables. In the context of XML, a schema describes a model for a whole class of 
documents.” Walsh (1999)  
7 A research centre of the Department of Computing and Information Systems of the Hong Kong University. 
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3.4.5  bcXML 

Building and Construction XML (bcXML) is the product of eConstruct initiated 

by a group of European construction-related organisations in 2000. It consists of a 

specification which defines the framework for the definition of bcTaxonomy 

(LexiCon) and an XML vocabulary in the building and construction industry 

(eConstruct 2000, eConstruct 2002). The LexiCon is the basis for all bcXML data. 

A stepped down format, called XML Taxonomy Definition (XTD) was also 

developed to speed up the application development process. The purpose of XTD 

is to define the objects and their properties (Rees, Tolman and Beheshti 2002). 

The shortcoming of bcXML is that eConstruct was only a two-year research 

project which had been finished already. The maintenance and sustainability are 

in question. eConstruct (2000) realises the threat of ebXML and takes into 

consideration of the future implementation of and bridging with ebXML.  

3.4.6 aecXML  

Architecture, Engineering and Construction XML (aecXML) was publicly 

launched by Bentley Systems, Inc. in August 1999 and subsequently under the 

administration umbrella of the International Alliance for Interoperability (IAI) as 

a working domain (SteelBuild 2000 and Harrod 2000). The objective of aecXML 

“…. is to establish procedures, rules and policies for managing and developing 

A/E/CXML schemas ….” (Zhu 2001). aecXML originally existed in the North 

American Chapter of IAI only (IAI 2007) and eventually it has been integrated in 

IFC (IAI 2009). 
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3.4.7  ifcXML 

Industry Foundation Classes Extensible Markup Language (ifcXML) was released 

in April 2001. A/E/CXML is “the IAI recommended standard to convert IFC into 

XML schema specifications” and therefore being promoted by the IAI 

International Chapter (IAI 2007). This has lead to a common misunderstanding of 

the co-existence of IFC and ifcXML. As explained by Liebich (2001) and 

illustrated previously in Section 3.3.3, XML is a meta-language to specify any 

document structure for data exchange. The particular structure in this case is the 

IFC mode. In other words, ifcXML is an XML representation of the IFC model. 

As illustrated by Liebich (2001) in Figure 17, the same IFC model can be 

described by different languages including EXPRESS and XML.  

 

Figure 28: Concept and differences between language, data model and content 

Source: Liebich (2002) 

3.4.8  Summary 

Section 3.4 looks into the XML architecture including XML Documents and 

XML Schemas. It is noticed that XML is only a meta-language for structuring or 

marking-up documents and not an information standard. The development and 
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standardisation of XML Schemas for different documents are the responsibilities 

of individual industry domains. bcXML, aecXML and ifcXML are identified as 

the domain standards for the A/E/C industry. Among these three standards, 

ifcXML is found to be the XML representation of the IFC building product model.  

 

3.5 HKSARG’S XML INITIATIVES 

This section studies the XML initiatives taken by the Government of the Hong 

Kong Special Administration Region. The local initiatives should be taken into 

consideration as the proposed integrated BIM-Document modelling is to be 

primarily adopted in Hong Kong. A prime objective of this section is to identify 

the relationship between the international XML standards and the local ones.  

3.5.1 Interoperability Framework (IF) by OGCIO 

The Government of the Hong Kong Special Administrative Region (HKSARG), 

through the Office of the Government Chief Information Officer (OGCIO) 8 , 

publicly launched an Interoperability Framework (IF) in January 2004. It has 

direct and significant impacts on the adoption of XML in modelling construction 

documents in Hong Kong. According to OGCIO (2004), IF aims at “…. providing 

client-centric joined-up services by facilitating the interoperability of technical 

systems between Government departments, as well as between Government 

systems and systems used by the public (including businesses and citizens)”. It is 

revealed that IF is developed and maintained by OGCIO and to be applied by 

individual bureaus, departments and sections in departments under a Top-Down 

                                                 

8 previously known as the Information and Technology Services Department (ITSD) 
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approach (Figure 18).  As the name suggests, IF provides a framework and at the 

same time an overall roof of achieving interoperability. The core of enabling 

interoperability is XML. As elaborated, XML is not a standard and the standards 

have to be defined by the people who possess the domain knowledge. Therefore, 

different bureaus in the Government are required to follow this framework but 

each of them will need to define its own domain XML schemas. The Marine 

Department has developed a project schema in Dangerous Goods Manifest 

Submission (CR 2004).  

 

The Environment, Transport and Works Bureau (ETWB), being the Government 

bureaux overseeing all public construction works, coordinates the development of 

construction related schemas by various departments. Each department has a 

number of divisions. For instance, there are architecture, structure, building 

services, quantity surveying and other divisions underneath the Architecture 

Services Department (ASD). Each division has its own duties and thus further 

contains a number of sub-domain schemas. For example, the Quantity Surveying 

Division of ASD may have a cost estimate schema, a bill of quantity schema and 

an interim schema. Since the other departments in ETWB have similar divisional 

and functional characteristics, it is foreseeable that ETWB will built an upper 

level schema embracing all common vocabularies and document structures used 

by various departments. Instead of a full in-house project team, a department may 

outsource part of the work to private consultants. In this case, these external 

businesses will need to interact with the IF.  

 

 



Chapter 3 – Building Document Modelling 

 78

 

Figure 29: Top-Down approach of HKSARG Interoperability Framework 
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3.5.2 IF Documents 

All the IF related information and documents are available at OGCIO’s website 

(OGCIO 2004). The overall strategy of IF is documented in “The HKSARG 

Interoperability Framework version 2.1 (published on 1 July 2004)”. In essence, 

IF is about the design and management of XML schemas under a single point of 

reference. This reference is documented in “XML Design and Management Guide 

version 1.1 (published on 1 July 2004)”.  This guide has four parts (Part I to IV). 

As shown in Figure 19, “Part II - XML Design Guide” incorporate the concepts 

of Business Process Modelling (BPM), Business Information Modelling (BIM) 

and Syntax-Binding Mechanism in project schema design. A syntax binding 

mechanism is an approach that binds the XML syntax to the information models. 

It allows “the programmers to develop the XML schema definitions (XSDs) based 

on the information models constructed by business analysts using the BIM 

methodology” (OGCIO 2004). The design process involves a Project Registry and 

a Central Registry for storing the schemas and vocabularies. The management of 

these two registries are detailed in “Part III – XML Management Guide”.  
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Figure 30: Key documents and components of Interoperability Framework 

 

3.5.3 Project Schema Design 

The XML Design Guide does not contain any XML project schemas but a 
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with a view to enable the interoperability between Government bureaus, 

departments and divisions. The workflow involves two distinct groups of people, 

namely business analysts (steps A to H and J to M) and programmers (step I only).  

 

The first step (step A) is to carry out an analysis of project requirements. It is a 
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requirements have been established, the business analysts should then find out 

whether a suitable standard is available for the exchange of information (step B). 

“Reuse existing standards” is a common notion in information standardisation, e.g. 

ISO13567, Lownertz (1997). The rational is to minimize the effort in deriving a 

standard, minimize standard diversity and thus maximize information 

interoperability. If a suitable standard exists, it should be adopted as the project 

schema (step C). Otherwise, the project schema design process (D to J) would be 

invoked.  

 

Project schema design starts with Modelling the business processes and 

identifying involved business documents (step D) using UN/CEFACT Modeling 

Methodology (UMM) or an appropriate System Analysis and Design (SA&D) 

methodology. As the name suggests, step D is the documentation of the business 

processes including the work flow and the interaction of business parties. Having 

conducted this step, the relevant business documents would be collected and then 

need to be decomposed into data elements (step E). Essential to the IF is the 

OGCIO’s Central Registry for managing defined date elements. It is of crucial 

importance to the success of information standardisation and interoperability. In 

simple sense, it makes sure that parties using the joined-up services in a particular 

business context are referring to the same set of business information models (or 

business grammar and vocabularies). Therefore, the next step (step F) is to search 

the Central Registry for suitable concertedly aligned data elements. If they have 

been registered in the Central Registry, their corresponding common schemas 

should be adopted in the project schema design (step G). Otherwise, it is 

mandatory to use the framework’s Business Information Model (BIM) to capture 
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the structure of individual data elements and then represent them as an 

information model (step H). BIM is primarily adapted from the Core Components 

Technical Specification (CCTS) with reference to ISO11179 9  and Universal 

Business Language (UBL). The outcome is a business information model 

represented by sub-models, namely Document, Aggregate Business Information 

Entity (ABIE), Associate Business Information Entity (ASBIE), Basic Business 

Information Entity (BBIE) and Core Component Type (CCT). An example of a 

purchase order information model is shown in Figure 21. The constructed 

information model is subsequently converted into XML Schema Definitions/codes 

(XSDs) (step I) using a syntax-binding mechanism. Consequently, the information 

model and XSDs are registered in the project registry (step J).  

 

 

                                                 

9 ISO11179 - Information technology -- Specification and standardization of data elements.  
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Figure 31: Interoperability Framework – Workflow of project schema design 

Source: OGCIO (2004) (with additional annotations) 
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Figure 32: Example of modeling a purchase order document 

Source: OGCIO (2004) 

3.5.4 IF Normative References 

Although IF is an initiative of the HKSAR Government, it is based on and 

influenced by widely adopted standards, specifications and best practices around 

the world. As shown in Figure 22, IF was jointly produced and managed by the 

XML Coordination Group (XMLCG) and the Interoperability Framework 

Coordination Group (IFCG) under OGCIO (OGCIO 2004). The key document, i.e. 

XML Design and Management Guide, was prepared by XMLCG. As 

commissioned by OGCIO, the Centre for E-Commerce Infrastructure 

Development (CECID) actually assumed the role of XMLCG (CECID 2002). 

CECID is a member of World Wide Web Consortium (W3C), Organization for 

the Advancement of Structured Information Standards (OASIS), RosettaNet and 

ebXML Asia Committee. CECID clearly indicates that the XML Design and 

Management Guide is founded on normative standards, specifications and best 

practices from these organizations/consortiums. These normative references 
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include electronic business XML (ebXML), Universal Business Language (UBL) 

and RosettaNet Implementation Framework (RNIF), which are all broadly 

accepted and being used at international level. It is worth mentioned that ebXML 

was approved by the International Organization for Standardization (ISO) as a 

suite of Technical Specifications (ISO/TS 15000) in May 2004. This reflects the 

maturity and importance of ebXML among various XML subsets. Figure 22 also 

indicates RosettaNet China (a regional member of RosettaNet) which has no 

direct relationship with CECID. RosettaNet China was set up by the Ministry of 

Science and Technology (MOST) of China (RosettaNet 2004).    

 

Notation 
   
 
 
 
Abbreviations 
CECID  Centre for E-Commerce Infrastructure Development 
ebXML  Electronic Business Extensible Markup Language 
HKSARG  Government of Hong Kong Special Administration Region 
IF  Interoperability Framework 
IFCG Interoperability Framework Coordination Group 
ISO International Organization for Standardization 
MOST, PRC Ministry of Science and Technology, People Republic of China 
OASIS Organization for the Advancement of Structured Information Standards 
OGCIO Office of the Government Chief Information Officer 
W3C World Wide Web Consortium 
XMLCG eXtensible Markup Language Coordination Group 

Figure 33: HKSARG IF and related Organization/Consortium 
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3.5.5 Electronic Services Delivery by ETWB 

Figure 18 explicitly indicates that ETWB has an initiative called Electronic 

Services Delivery (ESD) for Works Projects. Over the years from 1998 to 2000, 

there was a wave of non-compliance construction incidents in Hong Kong. This 

leds to a great public concern over the quality of the construction industry. In 

April 2000, the Construction Industry Review Committee (CIRC) was formed by 

the Chief Executive of the Hong Kong Special Administrative Region. The 

objective of the CIRC was to conduct a comprehensive review on the problems 

and to recommend corrective measures (CIRC 2001). Through a nine-month in-

depth investigation and consultation, CIRC published a report entitled “Construct 

for Excellence – Report of the Construction Industry Review Committee (CIRC)” 

in January 2001. As addressed by the CIRC Report, one of the deficiencies is the 

lack of common standards and a common data infrastructure in the local 

construction industry. Accordingly, CIRC recommends that “the industry should 

give priority to set common standards and developing a common data 

infrastructure for seamless electronic communication among stakeholders.” 

(CIRC 2001). The Works Bureau, being a Government policy bureau responsible 

for public works, subsequently commissioned a consultant to carry out an 

Electronic Services Delivery (ESD) Strategy in February 2001. 

 

This consultation study further affirms that there is no communication 

infrastructure across different participants in the fragmented construction industry 

(Works Bureau 2002). The prime objective of the ESD is, therefore: 

“…to provide the means for project participants to communicate with one another 

over the internet, through an open standard that enables the software solutions 
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chosen by them for particular purposes, e.g. project management, to be 

interoperable.” (Works Bureau 2002). 

3.5.6 The ESD Framework  

The ESD framework aims to deliver six enabling services. As shown in Figure 7, 

ESD consists of two core components [i.e. “Works Project Communication 

Platform” (WPCP) and “Works Project Information Standards” (WPIS)] and two 

complimentary components (i.e. “Legal” and “Policy and Contract Management”). 

WPCP is the software and hardware platform for delivering the six enabling 

services. Similar to IF, successful communication among parties and systems 

relies upon the use of WPIS. The study suggested that a set of 26 data domains to 

be covered when defining the standards. More importantly, the tentative strategy 

was to adopt XML to define the above data domains (ETWB 2002). The two 

complimentary components are about the setting up of appropriate revision of 

legal and policy provisions (e.g. change the general conditions of contract and 

provide the technical circulars) for implementation.  

 

Figure 34: Block diagram of the Electronic Services Delivery framework 
Source: ETWB (2002) 

 

Core 
components 

Complementary components 
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3.6 WORKS PROJECT INFORMATION STANDARDS  

As indicated in Section 3.5.6, Works Project Information Standards (WPIS) are 

essentially the Extensible Markup Language (XML) document models for the 

A/E/C industry in Hong Kong. It is therefore of vital importance to study WPIS in 

more detail in the following sub-sections. 

3.6.1 Progress of Development 

According to ETWB (2007), WPIS is developed in four batches. Each batch will 

go through a development cycle comprising (i) Base-lining/Prototype Standard, (ii) 

Draft Standard, (iii) Consultation on Draft Standard and (iv) Final Standard. The 

tentative implementation programme (Figure 26) shows that the development of 

WPIS as well as other activities should have been completed in the second quarter 

of 2007. However, the actual progress is behind the original program. The 

working paper of Base-lining/Prototype Standard of Batch 1 was in fact published 

on 14 Jun 2006 (ETWB 2007). The corresponding briefing session on this 

working paper was subsequently held by the consultant on 21 June 2006. The 

target audiences of this briefing session were the staff members concerned in the 

ETW Departments and members of the Consulting Working Groups. After 

collecting the comments from the audiences, ETWB started to produce the draft 

standard. As in January 2007, the draft standard of Batch 1 has not been published. 

The current status shows that the actual development of WPIS and the whole ESD 

framework is behind the tentative implementation programme as shown in Figure 

26. The updated programme of the whole implementation is not publicly available. 
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Figure 35: Tentative Implementation Programme for the ESD Framework 

(Source : ETWB 2002) (with additional annotations) 
 

3.6.2 The 26 WPIS Data Domains 

The four batches of WPIS cover 26 data domains as tabulated in Table 12. As 

only the working paper of the Base-lining/Prototype Standard of Batch 1 is 

available. The following sections will mainly review WDD-1 to WDD-9 in detail.  

Table 13: The 26 WPIS Data Domains in 4 Batches 

WPIS Data Domain 
(WDD) ID 

Domain Standard WPIS Data Domain 
(WDD) ID 

Domain Standard 

BATCH 1 BATCH 2 
WDD-1 Project Contract Profile Data WDD-11 Request for Information 
WDD-2 Correspondence WDD-12 Test Requests 
WDD-3 Photo Album, Pictures WDD-13 Works Order 
WDD-4 Accident Report WDD-14 Contractor submission 
WDD-5 Request for Inspection WDD-19 Reinforced Bar Schedule 
WDD-6 Test Records WDD-20 Bore-hole Information 
WDD-7 Site Instruction WDD-21 Landslide Information 
WDD-8 Site Daily Records WDD-22 Rain-gauge 
WDD-9 Site Investigation Result   

BATCH 3 BATCH 4 
WDD-10 CAD, GIS standard WDD-23 Project Management and 

Programme data  
WDD-15 Construction Milestone Data WDD-24 Construction site safety and 

environmental statistics data 
WDD-16 BoQ/BoR WDD-25 CCMIS data 
WDD-17 CBS Standard / Cost Data   
WDD-18 Contract Rates Statistics   

Source: Compiled from ETWB (2007) 

2004 2005 2006 20072002 2003
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3.6.3 Essence of WPIS 

WPIS defines the information standards of the data domains. As observed in 

working paper no. 1.1 (ETWB 2007), the method of deriving these standards 

generally follows the XML design & management guide (OGCIO 2004). As 

shown previously in Figure 20, Steps A-C aim to analyse the project requirements 

and available data. Taking WDD-1 Project Contract Profile Data as an example, 

two major messages WDD-1.0 Project Contract Profile and WDD-1.1 Project 

Contract Summary have been identified through the analyses of project 

requirements (Step A). Since there was no suitable industry standard available for 

reuse, Steps D-J were involved to establish new standards. For WDD-1.0, the 

Business Analysts identified the data components by analysing the web pages of 

the ETWB Departments (Table 13).  

Table 14: Analysised web pages in WPIS 

ETWB Departments 
Web Site 

Web Page 

Capital Projects Under Construction 
Architectural Services Department 

http://www.archsd.gov.hk

Capital Projects Under Planning 

Civil Engineering and Development Department
http://www.cedd.gov.hk Major On-going Project 

Drainage Services Department 
http://www.dsd.gov.hk Flood Prevention Projects 

Environmental Protection Department 
http://www.epd.gov.hk Construction Contracts in Operation 

Major Works 
Highways Department 

http://www.hyd.gov.hk

Major Projects 

Transport Department 
http://www.td.gov.hk Works Contract 

Active WSD Capital Works Contracts
Water Supplies Department 

http://www.wsd.gov.hk

Press Release and Tender Notices 

Source: ETWB (2007) 
 
 

These web pages contain the business documents that need to be identified (Step 

D). Then, these documents were decomposed into data components (Step E) 

associated with type, constraints and definition as shown in Table 14. The next 

step was to search the central registry for suitable concertedly aligned data 

elements (Step F). The principle is to reuse previously defined elements whenever 
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possible (Step G). For new elements, the Business Information Modelling 

approach was adopted to develop the information models (Step H) which were 

further converted into XSD schema (Step I). ETWB (2007) published the 

proposed schemas for the 24 data domains (WDD-1.0 to WDD-24.0). The schema 

of the Project Contract Profile (WDD-1.0) is attached in Appendix 2. It is 

organized in the Project Registry (Step J) and registered in the Central Register 

(Step K). The reusable data elements will be used to create new common schemas 

in other data domains (Step L & Step M).  

Table 15: Decomposed data components  

Level 
No. 

Data Component Type Constraints Definition 

1 Project Contract 
Profile 

Project Contract 
Profile 

- Document for a works project/contract profile. 

1.1 Project Contract 
Number 

Identifier Optional / 
Once 

Works project/contract number, which is an 
identifier of a project/contract. 

1.2 Project Contract 
Title 

Text Optional / 
Once 

Title of a works project/contract. 

1.3 Objective Text Optional / 
Once 

Objective of a works project/contract. 

1.4 Works Location Text Optional / 
Once 

Location at which a works project/contract is 
conducted. 

1.5 Type Text Optional / 
Once 

Type of a works project/contract, for example, flood 
prevention, social welfare, etc. 

Source: ETWB (2007) 

 

To facilitate the public to conform to the schemas, the Working Paper 1.1 also 

publishes the corresponding XML data files. Appendix 3 shows the data file for 

the Project Contract Profile (WDD-1.0).  

3.7  CHAPTER SUMMARY 

This chapter introduces the concept of document modelling and reviews the 

enabling technologies including Standard Generalised Markup Language (SGML), 

Hypertext Markup Language (HTML) and Extensible Markup Language (XML). 

By studying the language architectures, XML is found to be the one which can be 

used to represent documents for the purpose of web-enabled interoperability. 
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However, XML is merely an enabling technology and not a standard. The domain 

XML schemas still relies on inputs from individual business sectors. This explains 

why a number of XML subsets exist. The key A/E/C-specific subsets are bcXML, 

aecXML and ifcXML. In particular, ifcXML is an international standard for the 

representation of the Industry Foundation Classes (IFC) building product model.  

 
Notes: nXML denotes that there are other classes along a particular standard, but this paper only focuses on the mainstream 
standards and those standards specially designed for the construction industry.  

 Figure 36: Summary of Product Modelling and Document Modelling 

 

The Government of the Hong Kong Special Administrative Region (HKSARG) 

also adopts XML for interoperability. This chapter reviews the Government’s 

XML initiatives from the central policy (i.e. the Interoperability Framework) to 

domain specific XML standards (i.e. the Works Project Information Standards). In 

particular, the XML Design and Management Guide (XML D&M Guide) and the 

Works Project Information Standards (WPIS) are discussed in details. The XML 

D&M Guide, which makes normative reference to international XML practices,  

only provides the guidelines on developing domain specific XML standards. The 

26 data domains of WPIS are developed base upon the XML D&M Guide. In 

contrast with ifcXML, WPIS defines the 26 data domains covering different 

A/E/C specific documents, not including the building product model. To sum up, 
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HTML XML 
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Construction Industry Specify Standards 
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Discussed in Chapter 2 
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Discussed in Chapter 3 

Web Enabled 

New knowledge required to bridge ifcXML and WPIS 
Discussed in Chapter 4 

WPIS 



Chapter 3 – Building Document Modelling 

 93

ifcXML and WPIS are two major standards to define product modelling and 

document modelling respectively. As shown in Figure 27, the knowledge gap lies 

with the linking up the two XML standards together. This is the core area for 

contribution of new knowledge in this PhD study as discussed in Chapter 4. 
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4.1 OUTLINE OF THE CHAPTER 

As explained in Chapters 2 and 3, Building Information Modelling (BIM) and 

Document Modelling are basically two discrete models which have been applied 

independently. The aim of this chapter is to materialise this concept by 

formulating a new Integrated BIM-Document Model (IBDM). The approaches in 

the realization of IBDM and the method of model validation will also be 

discussed.  

4.2 APPROACHES IN THE REALISATION OF IBDM 

There is an array of approaches in the realization of IBDM. In one extreme, the 

semantic BIM and document models are merged into one large model, where the 

relationships between document elements and BIM instances and their properties 

can be created. This approach produces a Fully Integrated Meta Model (FIMM), 

in which the integration can be performed quickly and automatically. However, 

FIMM requires very well established and adopted BIM and document standards. 

The semantic BIM model must be specified in XML so that it can be merged with 

the XML Document Model. Besides, FMM cannot tackle non-computable 

mappings between product and document models.  

 

In the other extreme, the semantic BIM and document models can be maintained 

separately. The Document Model (sub)elements are mapped with the BIM 

instance properties by a user driven “pick and choose” methods with expert driven 

execution of the rules in an interface. This loosely coupled, user driven, one-way 
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approach produces Constructive Interfaces (CI) allow constructive user interaction 

during the mapping process (Augenbroe et al 2003). This CI approach is loosely 

coupled, manual user driven and time-consuming, but it can maximize the use of 

BIM, can tackle non-computable mappings. Also, the two schema languages for 

specifying the semantic BIM and Document models can be different as long as the 

corresponding language parsers are available. 

  

There are intermediate solutions between FIMM and CI approaches. For instance, 

the semantic BIM and document models can be maintained separately, but the 

mappings is automatically performed by an interface with expert knowledge or 

codified rules. In this study, the approach for the realisation of IBDM should meet 

the following three basic criteria: 

(i) Able to tackle non-computable mappings – There are many non-

computable mappings between the BIM and Document Models.  

(ii) Applicable to the Hong Kong Construction Industry – For the stated 

purpose of the thesis. 

(iii) Minimise computing programming – The IBDM in this study was a 

prototype to stimulate and demonstrate such an innovative approach on 

integration and interoperability, rather than through a well-tested system to 

be applied in full gear.  

Hence, the CI approach is selected in the realisation of IBDM in this study (Table 

16).  

Table 16: The approaches of realising IBDM and the selection criteria 

            Selection Criteria  
 
Approach 

(a) Able to tackle non-
computable mappings 

(b) Applicable to the 
Hong Kong Construction 

Industry 

(c) Minimise Computing 
Programming 

 
(i) Fully Integrated Meta X X Maximum 
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Model Approach (The development and 
use of well established 

BIM and Document 
Standards have yet to be 

realized 
(ii) Loosely Coupled, 
User Driven, One-Way 
Approach (or 
Constructive Interface 
Approach) 

√ 
(The Constructive 

Interface allows the 
users to map non-
computable data 

elements) 

√ 
 

Minimum 

(iii) Intermediate 
Solutions between (i) 
and (ii) above. For 
instance, Automated 
Integrated Approach 
based on Codified Rules 

X  √ 
 

Medium 

 

It is stressed that BIM is a semantic representation of a building. The semantics 

are not dependent on any particular language which specifies the semantics. The 

XML conformance of both BIM and Document Models is therefore not a 

prerequisite to the realization of IBDM under the CI approach. The two schema 

languages for specifying the semantic BIM and Document models can be different 

as long as the corresponding language parsers are available. For example, a BIM 

instance can be shipped as a STEP P21 file whereas a document instance be 

shipped as XML file (Figure 37).  
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Figure 37: Realisation of IBDM based on different metadata languages 

4.3 PROCESS AND WORKFLOW CONTEXT OF IBDM 

The realization of IBDM under the selected approach is also influenced by the 

process and workflow in the real world. A realistic IBDM should be used under 

controlled workflow. Hence, the purpose of this section is to review the process 

and workflow with reference to two BIM case studies conducted locally in Hong 

Kong and three other case studies presented by Eastman et al (2008). 

 

4.3.1 Case 1 - One Island East – Hong Kong 

With the support of the property developer, the information for this case study 

was collected by means of a short term attachment in the project office, meetings 

with key project team members and guided operation of the BIM instance. The 

information gained was confidential and therefore information presented in this 

section is limited. 
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(i) Project Background 

The project is a triple Grade-A office building located on Hong Kong island. This 

building has 70 floors of office accommodation, 2 basement floors, 2 entrance 

foyer lobbies, 3 M&E floors, 2 refuge floors and 2 storeys of sky lobby. The total 

Gross Floor Area (GFA) is about 140,000 m2 and the average GFA of a typical 

office floor is about 2,300 m2. The 1/F podium of the building is to be linked with 

the rest of the surrounding office complex via footbridges. Two industrial 

buildings, that originally occupied the site, were completely demolished in June 

2004. The superstructure construction commenced in March 2006 and the whole 

project is expected to be completed in May 2008. The images of the proposed 

building are shown in Figure 38.. 

 

    

Figure 38: Rendered image (left) and wire frame mode (right) 
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The building is equipped with the most cutting-edge technologies, such as pre-

fabricated and pre-assembled elements, an energy efficient curtain wall, energy 

efficient lighting and an advanced lift management system. The building has the 

client’s vision to create better environmental value, both during construction and 

after occupation. A centralised project design office has been set up to facilitate 

the coordination of design and construction amongst project team members. 

Figure 39 shows the site photos as at May 2006 and September 2006.    

 

      

Figure 39: Site photos of Case 1 as at May 2006 and September 2006 

 

(ii) Objectives of Using BIM 

BIM was adopted by the developer for the first time. According to the developer, 

the objectives of using BIM in this pilot project were to bring about the following 

improvements:  

 Comprehensive 3-dimensional geometric coordination of all building 

elements prior to tender, 

 Improved speed and accuracy of bills of quantities prior to tender, 

 Lower and more accurate tender pricing due to the reduction of unknowns 

and risk, 
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 Management of construction sequence and process modelling, 

 Reduction of waste in the construction throughout the entire process, 

 Reduction of claims on site resulting from incomplete design coordination, 

 Quicker construction, for maximization of safety and better building quality, 

 Facilities maintenance and management using the BIM elements, 

 

(iii) Process and Workflow 

The decision to adopt Digital Project (DP) was not made at the conceptual design 

stage, the design evolved, using AutoCAD in the head offices of the architectural, 

structural engineering and building services firms. DP was brought into use in the 

middle of design development. Gehry Technologies (GT) was appointed as a BIM 

consultant to oversee the pilot implementation of DP and to provide training to the 

design consultants.  

 

To facilitate a better collaborative environment, a centralized project design office 

was set up by the property developer. The office was equipped with a number of 

high-end workstation computers with the modelling software installed. With this 

establishment, representatives of the design consultants were stationed in one 

single office under the supervision of the owner’s project manager. This is an 

effective and efficient arrangement to coordinate architecture, structure and 

building services design. The design consultants immediately solved the 

coordination problems in front of the digital model, instead of by making phone 

calls, preparing and sending request for information (Figure 40).  



Chapter 4 – The Integrated BIM-Document Model 

 

 

 102

 

Figure 40: The collaboration framework 
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The representatives were responsible for converting the original design into a 

BIM instance. The true 3D model was then built with reference to the 2D 

AutoCAD drawings in the central office. The 2D AutoCAD drawings provide the 

parameters for creating the BIM instance. However, this process was mainly 

manual driven, i.e. the representatives read these parameters from the hardcopy 

drawings and then create the BIM instance with DP. During this process, the 

representatives had found a number of drawing discrepancies or missing 

information. They sought clarifications or further information from the head 

office design consultants. In fact, sometimes the design consultants worked with 

their representatives directly in the project office. This back and forth 

communication and modelling process continued until the initial BIM instance 

was built.  

 

The 3D model consists of architecture, structural and MEP (Mechanical, 

Electrical and Plumbing) sub-models produced by the three disciplines. Each sub-

model, based on the floor levels, was further dissected. Figure 41 shows the order 

of magnitude of information that needs to be coordinated in just one portion of a 

modern conventional building prior to construction.  
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(i) View 1 – architecture, structure and services  (ii) View 1 – Services only 
 
 

 
(iii) View 2 - Architecture, structure and services  

Figure 41: The basement model 

 

The coordination and management of these sub-models were done by GT. As 

automated quantity take off was an important goal for using DP, a workplace was 

also reserved for the project quantity surveyor, who specified the taking off 

requirements and derived the tree structure of the model in conjunction with GT. 

In a manner similar to modelling a car, the BIM consultant together with the 
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project team divided the building into larger “components” each containing 

smaller “parts” initially. This structure was of vital importance as it directly 

affected the building information to be re-used in the project life-cycle. While a 

typical building classification system would help in deriving a tree-like structure, 

it may not be suitable for producing bills of quantities according to the local 

standard method of measurement (SMM). For this reason, the quantity surveyor 

participated heavily in defining the above structure. A segment of the project 

specification tree is shown in Figure 42.  

 

 

Figure 42: A segment of the specification tree and the model 

 

The quantity surveyor was also responsible for generating a list of quantities from 

the master model at the tender documentation stage. As this was the first time 

using this automated approach, these model quantities were checked using the 
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traditional manual measurement. Those objects which could not be quantified in 

accordance with the SMM were measured manually on 2D hardcopy drawings. In 

the end, the final bills of quantities were compiled by the typing pool of the 

quantity surveying firm. This case demonstrates the importance of quantity 

surveyor in the modelling process where the production of bills of quantities is 

needed.  

 

This case study presented an unique framework in which the design consultants 

converted the conventional 2D design drawings into a BIM instance in the same 

project office. It also demonstrates the importance of quantity surveyor in the 

modelling process where the production of bills of quantities is needed.  

 

4.3.2 Case 2 - Commercial Project – Beijing 

The information of this case study was collected from a series of meetings with 

the Project Manager and the BIM consultant in Hong Kong. The standard agenda 

of these meetings was around the project description, objectives, BIM tools, 

collaboration framework and deliverables the sub-sections. Again, only limited 

information is permitted to be presented in this section.  

 

(i) Project Background 

The subject project is an office and retail development located at Chaoyang 

District, Beijing, China. The site area and the total gross floor area are 

approximately 21,000 m2 and 250,000 m2 respectively. The development consists 

of 5 basement levels (60,000 m2) and twin 24-storey office towers (190,000 m2). 
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The construction of foundation was commenced in April 2006. Due to the 

Olympic Game 2008, the project must be completed and occupied by June 2008. 

The overall construction period (i.e. 26 months) is very tight for such a huge 

project.  

 

(ii) Objectives of Using BIM 

The risks for causing project delay have to be kept to the minimum due to the 

strict timeframe. BIM was introduced by the project owner at the early design 

stage aiming at reducing the risks as much as possible. The primary objectives of 

using BIM are as follows: 

 

 Maximizing the design co-ordination ability, eliminating major design 

errors by means of 3D Visualization.  

 Enabling the Combined Services Drawings (CSD) to be issued in a faster 

and accurate manner by the Contractor. 

 Minimizing the un-expected risks on time and cost issues. 

 Enabling the smooth handover of facilities including as-fitted/as-built 

documents to Facilities Manager/Tenants. 

 

The decision for the implementation of BIM has gone through an in-depth 

feasibility study. The issues taken into consideration include capital investment 

and up keeping cost of BIM, interfacing of practice between Hong Kong and 

Mainland China, acceptance among the project team members, information 

technology limitations (e.g. band width for data transfer), minimization on the 
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impact to overall progress, design change management, transition between 2D 

drawings production and BIM model. 

 

(iii) Process and Workflow 

A BIM consultant was engaged for the implementation of BIM in this project. To 

achieve the objectives, the requirement for clash checking and the BIM 

implementation framework were established first. A trial run was conducted 

before the full scale implementation. The consultant built the BIM model based 

on the 2D CAD drawings provided by the architect, structural engineer and 

building services engineer. During the modelling process, the consultant issued a 

number of requests for information to the designers due to the incomplete or 

conflicting 2D drawing information. The designers responded to the requests by 

means of verbal instructions, meetings, sketches, markups and/or updated CAD 

drawings.  

 

 

Figure 43: The BIM collaboration framework in case study no. 2 
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Having built the initial BIM model, the BIM consultant performed a clash 

detection routine to identify the clashes among the architecture, structural and 

building services objects. Clashes reports and the virtual models concerned were 

generated and sent to the designers for making the necessary changes. Upon the 

receipt of the revised 2D CAD drawings from the designers, the BIM model was 

updated and another clash checking routine was conducted again. Further clashes 

were communicated to the designers. The revision of 2D CAD drawings and the 

updating of the BIM model continued until all the clashes were cleared. The 2D 

combined services drawings (CSD) were finally issued at the end of the process. 

Under this arrangement, the BIM model was built while eliminating major design 

errors. The requirement for the use of the BIM model was added to the tender 

condition. The potential tenderers were invited to a briefing session on the use of 

BIM before tender submission. 

4.3.3 Other Case Studies 

The above two case studies show entirely different BIM processes and workflows. 

The following BIM case studies by Eastman et al (2008) have further witnessed 

the varying processes and workflows under different project settings.  

 

(i) Case 3 - General Motors Production Plant 

In the General Motors Production Plant, all project team members and 

subcontractors were required by the project owner to use BIM. Similar to One 

Island East, the detailing teams were co-located to a single office for better 

communication and integration in the BIM process. The Architecture/Engineering 

(AE) firm, who specialized in BIM, also acted a consultant to less experienced 
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firms. The 3D models prepared by individual team members were sent by AE to 

the steel fabricator for modeling the construction details. The steel fabrication 

model was reintegrated into the design model by the AE for checking the 

interferences. The team members met weekly to discuss the combined models in 

respect of collision detection and connection alignments.  

 

(ii) Case 4 - Camino Medical Office Building Complex 

The Camino Medical Office Building Complex was a design-bid-build project. In 

order to reduce overall project duration, the construction was commenced prior to 

detail design. The general contractor was responsible for integrating and 

managing the 3D models provided by the architect, structural engineer and 

building services subcontractors. However, the parking garage designer, structural, 

mechanical and electrical engineers used 2D AutoCAD in design and 

documentation. Their 3D models were either converted by themselves or by third-

party BIM consultants. An overall schedule was specifically designed and 

regularly reviewed to indicate the timeline of detailed design to be delivered by 

each team members.  

 

(iii) Case 5 - 100 11th Avenue, New York City 

In the 100 11th Avenue project, BIM was applied in the design, analysis and 

prefabrication of a complex curtain wall system. At the beginning, the architect 

used Rhino to produce the 3D model of a single polygon of the glass panel. The 

model was then given to a façade consultant for the production of the entire 

curtain wall system. The consultant created the whole 3D model with high level of 

details using CATIA and Digital Project. The model was exported in an IGES 
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format and imported into an analysis tool for structural analysis. The consultant 

sent the final model in CATIA format to the fabricator, whose responsibility was 

to extract the drawings for fabrication. The same model was also sent back to the 

architect for defining the slab edge profiles in AutoCAD.  

4.3.4 Summary of the Case Studies 

As reviewed in the case studies, there is no single BIM process and workflow 

model that can be applied to all projects. The process and workflow of 

implementing BIM are influenced by the client’s commitment to BIM, the multi-

organisation nature of the construction industry, the objectives of using BIM, the 

skill level of individual project parties and the dynamics throughout a project 

lifecycle. In particular, client’s commitment to BIM and the engagement of BIM 

consultants play very important roles on the success of BIM implementation 

especially when most project parties are still using the traditional 2D approach. 

These issues should be taken into account when deciding the scenarios of use of 

the IBDM.  

4.4 THE INTEGRATED BIM-DOCUMENT MODEL  

The overall framework of the proposed IBDM is shown in Figure 45. IBDM is 

developed based on the Constructive Interface approach as discussed in Section 

4.2, together with the workflows and processes studied in Section 4.3. It should be 

noticed that there will be different scenarios of use of the IBDM due to the 

dynamics in real projects.  
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4.4.1 Engaging a BIM Consultant 

The implementation of IBDM involves new professional knowledge for the 

coordination, integration and management of BIM instances and WPIS document 

instances. A new profession, namely BIM consultant, is involved in the project 

team in addition to the existing professions. The duties of a BIM consultant 

depend on the following two scenarios: 

Scenario 1 – BIM Consultant Lead Modelling Approach 

Under this scenario, the design consultants such as architects, structural engineers 

and building services engineers are unable to build BIM instances from stretch. 

Their design is represented by traditional 2D CAD drawings such as plans, 

elevations and sections. Hence, the primary duties of the BIM manager are: 

 To build the project 3D model with reference to the consultants’ 2D 

drawings, 

 To inform the design consultants about discrepancies between architecture, 

structure and building services, and  

 To incorporate other building information such as time, cost and 

specifications to the model. 

Scenario 2 – Design Consultant Lead Modelling Approach 

Under this scenario, the design consultants are able to use BIM and build the BIM 

instances from stretch. The primary duties of the BIM manager are: 

 To define the modelling methodology/specification with the consultants, 

 To integrate individual models supplied by the consultants, 
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 To check the integrity of individual models with reference to the agreed 

modelling methodology/specification, 

 To provide feedback of non-compliance to consultants, 

 To inform the design consultants about discrepancies between architecture, 

structure and building services, and  

 To incorporate other building information such as time, cost, 

specifications, method statements, etc. to the model. 

4.4.2 Using Standard Method of Building Information Modelling  

The data structure of a BIM instance can be affected by how the instance is 

constructed. Figure 44 illustrates four different methods of modelling a simple 

structure with columns, beams and a slab. In method 1, the four columns rise from 

the ground floor to the 2nd floor. The four beams are connected to the columns on 

the 1st floor and the slab is placed in the void, bound by the beams. The primary 

problem of this method is that the floor area does not include the beams. In 

method 2, the slab overlaps the beams but some concrete portions are double 

counted. This problem is rectified in method 3 where the beams’ top level is 

reduced to the slab’s soffit level. Nevertheless, the model column and slab 

quantities still cannot be used directly in the BoQ. This is because suspended slabs 

are measured over all construction features, including beams and column heads 

according to the Hong Kong Standard Method of Measurement (SMM) for 

Building Works (HKIS 1979). On the basis of this, therefore, the four columns 

should be split into eight columns. Each column starts at the structural floor level 

and terminates at the structural ceiling level with the slab covering the column 

heads, as depicted in Method 4. This example explains why BIM modelling 
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methods best practice has to be taken into account before linking ifcXML files 

and WPIS XML document files.  

 

Slab inside beams               Slab overlaps with beams         Slab crossing beams             Slab crossing all 

Figure 44: Methods of modelling of columns, beams and a slab 

 

To obtain correct quantities, the modelling methods should be standardised 

according to the common characteristics of BIM software and the Hong Kong 

Standard Method of Measurement for Building Works (1993).  Hence, a Standard 

Method of Building Information Modelling (SMBIM) is proposed in this thesis. 

SMBIM should be adhered to when creating building information models. This 

standard is not exhaustive and shall be modified/expanded when more 

requirements are identified.  

Standard Method of Building Information Modelling (SMBIM) 

A. General Principles 

A1) Units 

a) All linear units shall be given in millimetre (mm). 

b) All angular units shall be given in degree (º).  

A2) Works Categories 

a)  Objects below and above the ground level shall be identified as 

sub-structure and super-structure respectively. 

b) Objects shall be categorised as new construction or existing objects.  
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A3) Object Identification Mark 

a) Unique identification marks (e.g. pile mark and column mark) 

provided by the design consultants shall be input to the 

corresponding objects.   

A4) Creating New Objects 

a) If an object does not exist in the local/central library, a new object 

shall be created and registered in the central library for future use.  

B. Setting out 

B1) The model shall be located according to the true coordinates (i.e. 

longitude and latitude). 

B2) Floor levels shall represent the structural levels using principle datum.  

C. Bed Rock 

C1) The bed rock profile shall be built if the geotechnical information is 

available. 

C2) Contour lines shall be set at 1000mm. 

D. Piles, Pile Caps and Footings 

D1) Properties including existing ground level, pile cap/footing level, pile 

cap/footing thickness and rock socket length provided by the design 

consultants shall be input. 

E. Columns, Beams, Walls and Slabs 

E1) Slabs are modelled over everything, including over beams and 

column heads. 

E2) Columns before walls and beams. 

E3) Beams before walls except at end and intermediate bearings. 

E4) Primary beams before secondary beams, etc. 
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E5) Upstand beams above slabs. 

F. Staircases 

F1) Staircases shall be separated between floor levels and landings. 

G. Windows and Doors 

G1) Windows and doors  

H. Roofs 

H1) Roof structure shall be defined in detail where appropriate.  

I. Finishes 

I1) Finishes shall be defined in detail where appropriate. 

4.4.3 Converting BIM to ifcXML 

Design is one of the earliest tasks in every construction projects. In IBDM (Figure 

45), the design (box A) is represented as a 3D product model (box C) using a 

Building Information Modelling (BIM) tool (box B). Drawings such as plans, 

elevations and sections are generated from the model automatically (box D). The 

model can also be saved as an Industry Foundation Class (IFC) file (box E) for 4D, 

5D and nD applications (box F). As discussed in Section 3.4.6, Extensible Markup 

Language (XML) representation of the IFC product model (i.e. ifcXML) can also 

be converted according to the guideline published by the International Alliance 

for Interoperability. Among the available BIM software, GraphiSoft ArchiCAD 

can directly save a BIM instance as both IFC and ifcXML instances. The others 

(except Digital Project which is not IFC/ifcXML compatible) can only save IFC 

files in P21 format. If a BIM instance is created with one of these non-ifcXML 

compatible software, an IFC file should be exported in the first place. The file can 

be converted to ifcXML using third-party conversion tools or ArchiCAD’s built-
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in conversion function. For the latter, the IFC file is imported to ArchiCAD and 

then saved as an ifcXML file. However, severe losses in translation are bound to 

occur, so in principle this is a bad solution. 

4.4.4 Converting Document Domains to XML Schemas 

The documents (box I) in relation to the project are converted to XML document 

schemas (box K). As mentioned in Section 3.6.2, the Works Bureau of the Hong 

Kong Government has published 9 WPIS XML document schemas and 

developing the other 17 schemas as at August 2007. These schemas have been/are 

being derived from existing documents and the XML Design and Management 

Guide (box N). As WPIS will be enforced in Hong Kong, IBDM  adopts these 

XML document schemas instead of developing new ones. The XML tools (box J) 

provide an interface for the users to produce well-formed and valid XML 

documents which are adhered to the schemas. Since this XML tool has not been 

released by the Works Bureau, proprietary XML editor and stylesheet namely 

Altova XMLSpy and Altova StyleVision are used in IBDM . The key contribution 

of IBDM  is the interoperability of product models and document models (box Q).  

 

Despite ifcXML and WPIS XML files are rooted in the same language, it is 

anticipated that the results of interoperability between the two are also affected by 

other non-technological issues including the product/BIM modelling methods, the 

collaboration framework of project team members and the data flow between 

product/BIM instances and document instances. The other requirements (box R) 

for integrating ifcXML files (box H) and WPIS XML files (box P) are addressed 

in Section 4.4.1 to Section 4.4.4.  
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Figure 45: The Integrated BIM-document Modelling (IBDM) 
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4.4.5 Adjusting the Property Values of ifcXML 

In addition to the BIM modelling methods, it is necessary to ensure that the 

definitions of building information contained in ifcXML instances are same as 

those in the WPIS XML documents. To elaborate this principle in more detail, the 

model quantities of a number of objects has been verified against the geometries. 

Table 17 shows the model areas and volumes of a concrete wall, structural column 

and floor slab.  

Table 17: Revit model quantities explained 

Object (Dimensions) Area Volume 
Concrete Wall (1 m x 0.2 m x 1 m)  1 m2 0.2 m3 
Concrete Structural Column (1 m x 1 m x 1 m) 6 m2 1 m3 
Concrete Floor (1 m x 1 m x 0.2 m) 1 m2 0.2 m3 

 

The volume measurements correspond to the geometry sizes. However, special 

attention should be paid to the area quantities. For concrete walls, only one 

internal or external face of a wall is counted. If the value is used as a formwork 

quantity in BoQ, other vertical faces must be added where appropriate. In contrast, 

the area of a structural column covers six faces including the top and bottom 

which are not necessary. For this reason, an interface for the quantity surveyors to 

align/adjust the definitions of information is provided in IBDM. As shown in 

Table 18, an adjustment is made in the field titled “Adjusting Data” which accepts 

the adjustment formula. The result is used in the corresponding WPIS XML 

instance.   

Table 18: Interface for adjusting the data of ifcXML – The case in BoQ domain 

Concrete Wall (1 m x 0.2 m x 1 m) 
 ifcXML Adjusting Data Remark WPIS XML BoQ 
Area (m2) 1 x 2  1 side vs. 2 sides  2 
Volume (m3) 0.2 = - 0.2 
Concrete Structural Column (1 m x 1 m x 1 m) 
Area (m2) 6 - 2(1x1) Top and bottom face should 

not be measured  
4 
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Volume (m3) 1 = - 1 

  

4.4.6 Applying Works Breakdown Structure 

The BoQ data domain mentioned in the previous sections shows how individual 

ifcXML object data are passed to a large number of document data fields. This 

data-to-data linking approach is insufficient in case a relationship between a 

document domain and the ifcXML objects concerned needs to be built. For 

instance, the WDD-3.0 Digital Album document contains the photo and 

description data fields (Figure 46) which are not present in the ifcXML instance. 

As a consequence, no link can be established between this document and the 

corresponding ifcXML objects. Although it is possible to link the photo with 

individual ifcXML objects, the process is repetitive and very time consuming. A 

better option is to associate the photo with the Works Breakdown Structure (WBS) 

of the BIM instance. If the photo is related to all structural columns on the 22nd 

floor, this photo should be linked to the corresponding WBS (e.g. 

Building>Superstructure>22nd Floors>Structural Columns) which has been 

defined when making the BIM instance. In doing this, only one step is required to 

create multiple links between the photo and all structural columns. Hence, the 

second option is adopted in IBDM.  
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Figure 46: WDD-3.0 Digital Album Message 

Source: ETWB (2007) 
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4.5 METHODS OF MODEL VALIDATION 

The whole workflow of IBDM was tested with a real in-door swimming pool 

project in Hong Kong. The reasons for selecting this project are as follows:  

 

1. The concept of IBDM  can be fully deployed with the approval of the project 

manager;  

2. Full set of project information and data are accessible for analysis since the 

scheme design stage;  

3. The project size is manageable and within the research timeframe from 

design, documentation, tendering to construction. 

 

This project fell into scenario 1 (Section 4.4.1 refers) since the design consultants 

were unable to produce BIM instances. The duties of the BIM Manager thus 

include building the BIM instance with reference to the consultants’ 2D drawings. 

The trial run strictly follows the requirements as stated in Section 4.4.1 to Section 

4.4.6. The BoQ was one of the most complicated documents in which a lot of data 

fields are directly related to the BIM instance. Therefore, BoQ was selected as the 

core document domain for in the validation process. The application of IBDM in 

other document data domains was also demonstrated using WDD-3 Photo Album 

and WDD-5 Request for Inspection domains.  
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4.6 CHAPTER SUMMARY  

The Integrated BIM-Document Model (IBDM) proposed in this chapter suggests a 

new approach to link up product models and document models. In addition to the 

enabling technologies (i.e. eXtensible Markup Language (XML) and Works 

Project Information Standards (WPIS)), IBDM also takes into account other 

issues which are of vital importance to the practical application of IBDM. This 

new approach was tested with real project information.,The results are reported 

and analyzed in next chapter. 
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5.1 OUTLINE OF THE CHAPTER 

A project has been conducted to give the Integrated BIM-Document Model 

(IBDM) formulated in Chapter 4 a trial run. The purpose of this trial was to 

validate IBDM and identify the implementation problems in real life settings. The 

background of the project for the trial run is introduced in Section 5.2. The results 

are anlaysed in Sections 5.3 to 5.10.  

5.2 PROJECT DESCRIPTION 

The project is centred on a 2-storey in-door swimming pool which forms an 

extension to an existing secondary school in Hong Kong. The scope of work 

includes the demolition of existing basketball courts, construction of a 25m x 50m 

swimming pool, changing rooms, machine room, footbridge and performance 

stage. The site photograph of the existing school and the scheme design are shown 

in Figure 47. The project was lead by a project team which included the directors 

of the School Management Board. The design team members consisted of an 

architect, structural engineer, electrical and mechanical engineer and an 

environmental specialist. The construction commenced in November 2006 and 

was completed in December 2007. The total contract sum was approximately 

HK$21,000,000. 
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Figure 47: Site photo before construction commences (left) & the scheme design (right) 

5.3 THE BIM CONSULTANT LEAD MODELLING APPROACH 

Since the design consultants were unable to build BIM instances, the 

implementation of BIM in this project followed scenario 1, “BIM Consultant 

Lead” approach as per Section 4.4.1.  

5.3.1 Results 

The BIM consultant, with a background of quantity surveying, was responsible 

for building the BIM instance and preparing the BoQ as shown in Figure 48. The 

design consultants developed the design using the traditional 2D CAD drafting 

approach. The softcopy and hardcopy drawings were given to the BIM consultant 

for the creation of the model. The modelling process began in the early design 

stage. A number of design review meetings were held between the consultants and 

the school board of directors. Instead of simply showing the 2D views and 

rendering, the project team members were presented with a variety of 3D views, 

3D sections and walkthrough animations from the virtual models. The pros and 

cons of the different schemes were then assessed in readiness for any necessary 
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modifications. These modifications were made by both the design consultant and 

the BIM consultant.  

 
 

Figure 48: BIM implementation framework and deliverables in this project 

 

The modelling process involved the communication of the BIM consultant with 

the design consultants by means of query sheets detailing discrepancies. The 

consultants then responded to these discrepancy queries by making corresponding 

changes on the 2D drawings. The BIM instance was correspondingly updated with 

the clarified information. To ensure the project completion date was met, 

approximately two-thirds of the queries were dealt with before tendering. Any 

remaining discrepancies were rectified during the post-contract stage. The 

estimated lump sum cost of BIM implementation in this project was HK$180,000. 

Due to commercial reason, further breakdown and details of this amount are not 

released in this thesis. 
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5.3.2 Analysis 

The BIM consultant and the collaboration framework presented in Figure 30 are 

new to the construction industry. The BIM consultant lead modelling approach 

was proven to be successful in this trial run while leaving the work of other 

consultants unaffected. This could be a useful methodology to increase the uptake 

of BIM when design consultants are not equipped with BIM skills. This BIM 

consultant led modelling approach is also suitable for those design consultants 

who treasure their traditional ways of working and resist moving to BIM. 

Nevertheless, a BIM consultant should possess not only the BIM skills but also a 

wide range of knowledge including that of architecture, construction, building 

services as well as quantity surveying. The supply of sufficient candidates with 

such qualifications is necessary. 

 

The project provides limited figures for the analysis of the net value of 

implementing BIM. The cost of implementation was about 0.86% of the total 

contract sum (HK$180,000/HK$21,000,000). However, the quantification of 

benefits, which is not within the scope of this research, needs in-depth 

investigation. For instance, on the one hand, the use of BIM enhanced the 

effectiveness and efficiency of communication between the consultants, and on 

the other, the school directors were unfamiliar with the spatial concept offered by 

traditional 2D plans/sections/elevations. As the design was simulated virtually, 

using BIM, a number of discrepancies in the 2D drawings were found. For 

example, the location of a window on plan was not correctly reflected in the 

elevation. These errors were usually picked up only at the post-contract stage, 

when the design was put to construction.  
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5.4 THE STANDARD METHOD OF BUILDING INFORMATION MODELLING 

The traditional 2D design drawings were converted to a BIM instance, with 

adherence to the Standard Method of Building Information Modelling (SMBIM 

Edition 1.0) defined in Section 4.4.2.  

5.4.1 Results 

The domain knowledge of quantity surveying was heavily involved when defining 

the structure of the model. Autodesk Revit Architecture was selected as the BIM 

tool for building an integrated architecture and structure model (Figure 49 to 

Figure 54). The creation of new object families and the building of the model for 

the first time took approximately 28 man-days. The limited project size enabled 

the whole modelling process to be handled smoothly by the BIM consultant. The 

mechanical, electrical and plumbing of the project was not incorporated since 

Revit MEP had not been released at the pre-contract stage. As shown in Figure 49, 

the BIM model is situated on top of a cut slope where the bed rock profile varies 

from 3.9m to 26.8m below the existing ground level. The foundation is comprised 

of 72 mini-piles and each pile penetrates 3.3 meters below the rock surface. The 

filtration plant room is integrated with part of the substructure. The tie-beams are 

arranged to support the bearing structure of the swimming pool cubical.  

 

Figure 49: Rock profile, mini-piles (left), pile caps, tie-beams & bearing walls (right) 
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The ground floor consists of a 6-lane pool measuring 15m x 50m, a male and a 

female changing room, an external basketball court and associated performance 

stage and planters. The upper floor is designated as a store. There is another 

basketball court on the roof which is accessible through an external staircase and a 

walkway connecting the existing school (Figure 50). Vertical sections X-X and Y-

Y are shown in Figure 51. The column-beam-slab relationship as defined in 

SMBIM Edition 1.0 is reflected in Figure 52.  

     

Figure 50: G/F & external works (left), basketball court & walkway (right) 

 

    

Figure 51: Vertical sections of the BIM instance 
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Figure 52: A close-up of columns, beams and slabs in the BIM model 

 

The pool is designed to equip “green” features including solar chimneys, reflector 

panels and photovoltaic panels. Solar chimneys are provided to create natural 

thermal ventilation due to the stack effect. Since the top openings of the chimneys 

face the sky and are covered with transparent glazing, the natural daylight is able 

to reach the curved reflector panels and reflect the daylight to the swimming pool 

via another set of horizontal reflector panels below the structural ceiling (Figure 

53). The design was awarded a “Merit in Environmental Design” in the research 

and planning category by the Professional Green Building Council (PGBC 2006). 

An outstanding BIM Award was granted to the project team by Autodesk Far East 

Limited in July 2007. The actual construction progress as at July and August 2007 

is shown in Figure 54. 
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Figure 53: Solar chimneys, reflector panels and photovoltaic panels 

 

      

Figure 54: Construction of the pile caps and tie-beams (July 07) and roof ball court (Aug 07) 

5.4.2 Analysis 

The BIM instance (Figure 49 to Figure 53) has given substance to the BIM 

implementation framework (Figure 26) and the Standard Method of Building 

Information Modelling (SMBIM) as discussed in Section 4.4.2. The involvement 

of the quantity surveying domain knowledge is of vital importance because the 

results of material take-off are directly affected by the standard method of 

measurement. However, the current version of SMBIM should take into account 

not only quantity surveying but also other discipline requirements. For example, 

the quantity take-off of a concrete beam (400 x 800mm) does not include the 

thickness of the intersecting slab according to the SMBIM (Figure 55). On the 

contrary, this intersecting slab is regarded as part of the beam in structural 
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calculations. This is an extreme example where the requirements of two 

disciplines are in contradiction with each other. The solution is to create and use a 

new parametric family object with two thickness parameters (i.e. h1=800mm and 

h2=800–slab thickness). The thickness of h2 is automatically determined when 

the beam is attached to a slab.  

 

Figure 55: Different physical model sizes of the same family object - concrete beams 400 x 800mm 

 

As stated above, the whole modelling process was smoothly handled by the BIM 

consultant, partly as a consequence of the limited project size. However, this may 

not be the case for large scale projects that requires more than one person to build 

the BIM instance. More coordination issues are likely to result as more team 

members work on the same model. Autodesk Revit and other BIM software have 

similar work sharing functions to allow the division of work among team 

members. The results of the BIM implementation framework, in large scale 

projects, need to be verified.  

5.5 THE WPIS DOCUMENT MODEL – WDD16 BOQ 

The project BoQ was the selected document data domain for the validation of 

IBDM. The suggested principle given in Section 4.4.2 indicates that existing 

WPIS XML document models should be reused if available. As WDD-16 BoQ 
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had not been released by the Works Bureau (as at July 2007), a new XML BoQ 

document model was derived from a master BoQ according to the XML Design 

and Management Guide. The results are presented and analysed in this section 

prior to discussing the exported ifcXML. 

5.5.1 Results 

The master BoQ document comprised a number of main bills (e.g. superstructure) 

and sub-bills (e.g. concretor). Each sub-bill listed the items with a corresponding 

item no., description, quantity, unit, unit rate and amount. A sample section of the 

master BoQ is attached in Appendix 4. The overall XML schema is 

diagrammatically shown in Figure 56 and Figure 57. The schema contained 

elements, sub-elements and attributes as described below.  

 

 

Figure 56: Structure of the master bills of quantities 

 

The root element “BoQ” represented the set of bills of quantities, in which a 

number of main bills, such as Bill no. 4 – Sub-Structure, Bill no. 5 – 

Superstructure, were present. These main bills were structured as the sub-elements 

“Main_Bills” of the root element “BoQ”. The schema allowed an unlimited 

number of main bills in a set of bills of quantities. This was denoted by “1..∞” in 

Figure 57. Each main bill consisted of several sub-bills, e.g. Bill no. 5.1 – 

Concretor, Bill no. 5.2 – Bricklayer. Similarly, they were structured as the sub-
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elements “Sub_Bills” of the “Main_Bills” and also denoted by “1..∞”. A sub-

element “Pages” was used to represent more than one of the pages in a sub-bill.  

  

Figure 57: Structure of a BoQ page 

 

A BoQ page containing a list of items in the same category were structured under 

the same underlined headings. Therefore, a “Pages” sub-element embraced certain 

underlined sub-elements. An “Underlined_Headings” sub-element further 

embraced more than one “Items” sub-element (Figure 57). The item identification, 

description, quantity, unit, rate and amount in each of the items were finally 

presented as sub-elements.  

 

Other information such as the project name, project number, bill number, bill 

name and page number were represented as element attributes and were only 

shown in text mode (Appendix 5). For examples, the project name and project 

number were the attributes of the “BoQ” root element; the page number was the 

attribute of the “Pages” sub-element. The beginning of the XML BoQ schema file 

is shown in Figure 58. The whole file is attached in Appendix 5. 
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Figure 58: The beginning of the XML BoQ Schema 

5.5.2 Analysis 

The proposed WDD16 – BoQ provides a concrete example on translating a 

document into XML schema. The implication is that other document domains not 

within the 26 WPIS data domains can also be translated to XML schemas 

following the same principle. The results suggest that the application of IBDM  is 

not bound to a government standard (i.e. WPIS). The principle can be applied by 

other organisations as well. The current WDD16 – BoQ schema covers all the 

data elements in the given master BoQ. But XML is flexible in nature and this 

schema can be modified easily to suit other organisation standards. Proper use of 

attributes can reduce the number of sub-elements and hence simplify the structure 

of the schema. 
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5.6 THE IFC AND IFCXML FILES 

The model was saved as an IFC 2X3 file through Revit’s export IFC function in 

accordance with the requirement as stated in Section 4.4.3.  

5.6.1 Results 

The file was about 11Mb containing 182,811 IFC data lines (Figure 59). As stated 

above in Section 4.4.3, Revit 9.1 cannot directly export a model to an ifcXML file. 

Therefore, the conversion of IFC to ifcXML file was done by using ArchiCAD. 

The IFC file instance was imported to ArchiCAD and then saved as an ifcXML 

using the export ifcXML function. The screen shots of the import and export 

processes are shown in Figure 60 and Figure 61 respectively.  
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Figure 59: The beginning and end of the swimming pool IFC file 

 

 

Figure 60: Importing the swimming pool IFC file to ArchiCAD 
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Figure 61: Exporting the swimming pool IFC file to ifcXML file in ArchiCAD 

 

The size of the exported ifcXML file was 223MB, which was 20 times (or 2000%) 

larger than the original IFC file as shown in Figure 62. The file has an extension 

“.ifcxml” and the content constitutes a valid and well-formed XML file. Since this 

extension cannot be opened by XML tools as well as internal browsers, the 

extension was renamed as “.xml”. Due to the huge file size, the opening of the file 

in Internet browser resulted in overloading the physical memory and hanging the 

system. To continue the trial run, the model was trimmed into smaller parts to suit 

the capacity of the machine. The beginning of the ifcXML file is shown in Figure 

63. 
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Figure 62: Sizes of the swimming pool IFC, ifcXML and Revit files 

 

Figure 63: The beginning of the swimming pool ifcXML file 

 

The ifcXML file represents the BIM instance in text format. The file contains the 

geometry data (i.e. geometrical information) associated with other domain 

specific data such as materials and quantities (i.e. non-geometrical information) 

according to ifcXML specification, developed by the International Alliance for 

Interoperability. As shown previously in Figure 27, Section 3.4.3, the data of an 

XML document can be presented as web pages, word documents or portable 

document format (pdf) using XML transformation files (XSLT). To integrate with 

the XML BoQ instance, the BoQ related information of the ifcXML file was 

extracted to a web page, using the XSLT file as shown in Figure 64.  
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Figure 64: The XSLT file for extracting the ifcXML model data to a web page 

 

The XSLT reference lines were added to the header of the ifcXML file (Figure 

65). When an internet browser opens this ifcXML file, the browser processes the 

XSLT file and takes two major types of actions. The first one is to get the layout 

of the web page which is going to be shown in the browser. The second one is to 

look up the required data fields and extract the data from the ifcXML file. The 

ifcXML and XSLT files are uploaded to a web server. The webpage output is 

shown in Figure 66.  

 

 

Figure 65: The reference of the XSLT file in the header of the ifcXML file 
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Figure 66: The result of the ifcXML file with the XSLT reference. 

 

The webpage has the title “Integrated BIM-Document Model (IBDM v1.0)” and 

sub-title “Extracting the ifcXML model information to a web page”. The 

background information about the ifcXML file shows the project name, project 

number, ifcXML file name and the corresponding BIM file name. Since 

IFC/ifcXML files represent a static BIM instance at a point in time, the date of the 

ifcXML file generation is also indicated. The BIM consultant was responsible for 

generating the ifcXML file.  

 

As indicated above, the data shown on this webpage is determined by the XML 

transformation file designed for different data domains. In the present case, the 

ifcXML Product Data Domain is “IDD-16.0 Bills of Quantities”. The XML 

transformation file “IDD-16_0.xsl” tabulated all the objects in different categories 

such as walls and columns.  The fields include the unique BIM object ID, object 

name, material and geometric dimensions. An object ID is shown as a button. By 
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clicking this button, the image of the object is retrieved from the BIM instance 

and shown in a separate internet browser (Figure 67). This function provides a 

quick snapshot of the object before creating the link with the corresponding WPIS 

document data domain using the “B-D Link” button.  

 

 

Figure 67: Reviewing the image of a selected object. 

 

5.6.2 Analysis 

The trial run swimming pool project demonstrated an indirect method of 

converting the BIM instance to an ifcXML file using Grahpisoft ArchiCAD as an 

intermediate translator. The main concern was the 23 times increased file size 

from IFC to ifcXML. As IFC and ifcXML are both ASCII (i.e. text-based) files, 

the figure means that ifcXML is 23 times heavier than IFC in terms of the number 

of texts. The trial run proved that the ifcXML file of this small scale project had 

already exceeded the handling capacity of the hardware and software. Hence the 

practical use of ifcXML is undoubtedly problematic in large scale projects, where 
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the BIM files and ifcXML files are likely to be over 100 Mb and 2.3 Gb 

respectively. It is worthwhile further examining whether the problem is caused by 

the indirect conversion method. For simple comparison, the ArchiCAD model of a 

30-story residential building was exported as an ifcXML. The results showed the 

ifcXML fileto be 60 Mb which is 171% larger than the 35 Mb BIM file.  

 

It was assumed that the content of IFC files in P21 format for the same BIM 

instance converted by different BIM software should be the same, since these 

software programs should have gone through the same accreditation process by 

the International Alliance for Interoperability. However, it was revealed that this 

was not the case in ArchiCAD and Revit. The following two IFC lines show the 

volume quantity of the same wall modelled by Revit and ArchiCAD:  

 

In Revit: #68=IFCPROPERTYSINGLEVALUE('Volume',$,IFCREAL(141.2586668859544),$); 

In ArchiCAD: #219= IFCQUANTITYVOLUME('NetVolume','QTO_CLASSIFICATION',$,4.); 

 

The first finding is that ArchiCAD and Revit use two different methods in 

describing the volume of a wall. While ArchiCAD uses the dedicated IFC 

quantity volume element to contain the value, Revit represents the volume as an 

IFC property single value. The second finding is about the data integrity. The 

walls in Revit and ArchiCAD are both measured 10,000 mm (long) x 2,000 mm 

(height) x 200 mm (thick). While ArchiCAD correctly produced 4 m3, Revit 

calculated an unexplainable value of 141.2586668859544 m3. These two findings 

reflect that the IFC accreditations did not look into the use of IFC elements and 

the integrity of data. Despite of the problematic file size and data integrity, the 

extraction of the required data from the ifcXML file to a web page was successful. 
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The layout and the content of the web page are flexible and depend upon the 

XSLT transformation file.  

5.7 LINKING IFCXML BIM DATA AND XML BOQ DOCUMENT DATA 

The exported BIM instance in ifcXML format and the BoQ document instance in 

wpisXML format were integrated using another XML transformation file as 

shown in Figure 68. 

 

Figure 68: The XSLT file for transforming the ifcXML model data and the wpisXML BoQ document data 

5.7.1 Results 

The product data and document data links were initiated from the product model. 

Individual model objects, as listed in the ifcXML product data domain, can be 

linked with the corresponding document objects in the WPIS document data 

domain. As shown in Figure 67, a “P-D Link” button was provided in the last 
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column in the object table. By clicking this button, the linking interface is opened 

in another internet browser. This interface showed the product data and document 

data in three parts. Part I tabulated the data of the selected BIM entity instance. 

Part III contained a master BoQ XML document created in accordance with the 

XML BoQ schema. The navigation of the master BoQ was controlled by selecting 

the main bill and sub-bill from the two combo boxes. The example as shown in 

Figure 69 lists all concrete items under Bill No. 6 Superstructure.   

 

A link between the selected ifcXML object and a BoQ item was created by 

selecting the check box in the description data field. When a check box was 

selected, the corresponding quantity of the ifcXML object was transferred, 

automatically, to the quantity data field. A BIM object can be linked with more 

than one BoQ items (e.g. concrete, formwork and finishing) by navigating the 

XML master BoQ and selecting other check boxes. 

 



Chapter 5 – Validation of IBDM 

 

 

 147

 

Figure 69: Linking the selected object with WPIS document data domain 

5.7.2 Analysis 

The BIM-Document interface (Figure 69) illustrates how a selected BIM entity 

instance is integrated with the corresponding document data in an internet browser. 

This is an intuitive approach to integrate product data and document data for 

every single BIM entity instance. Nonetheless, a BIM instance may be comprised 

of hundreds of thousands of objects. The time required for establishing the 

relationships for all the objects is a concern. It takes about 30 seconds to work on 

this integration process for an object.  Hence, 12 man-days are required to 

complete this process for a small to medium sized project with 10,000 objects. 

The current interface does not offer time saving as compared to manual take off. 

Instead of using the interface, a BoQ file can also be presented as a standalone 

XML document using an XML parsing tool. The quantity values can be obtained 
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by browsing the model in an IFC viewer or in the native BIM system and then be 

typed in the XML BoQ editor. Although the number of steps involved in these 

two approaches appear to be similar, the IBDM interface and file allows 

establishing and maintaining the direct object relationships between a product 

model and a document model. The current time burden as mentioned above can be 

relieved if a BIM instance is defined taking the works breakdown structure and 

BoQ content into account. With such a semantic rich BIM instance in the future, 

the current IBDM interface can be modified so that the object relationships can be 

established automatically.  

 

The workflow of IBDM begins with the creation of a BIM instance, followed by 

the generation of IFC/ifcXML files and finally the integration with document 

models in the BIM-Document interface (Figure 69). This workflow is successful 

in the trial run where a BI-Manager is also in-charge of the production of BoQ. 

However, document models are usually produced by other domain specialists (e.g. 

quantity surveyors) instead of a BIM consultant. Under this situation, the 

workflow should begin with creating the document models, followed by 

establishing the links with the BIM model. 

5.8 ADJUSTING THE PROPERTY VALUE OF IFCXML 

In accordance with the requirements given in Section 4.4.5, a quantity adjustment 

dialogue box was provided in the BIM-Document linking interface to make the 

necessary adjustments owing to different data definitions between the product 

model and the document model.  
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5.8.1 Results 

The dialogue box was opened by clicking a quantity value (Figure 70). The 

adjustment formula and remark were input to the text box where appropriate. The 

adjusted result was brought back to the quantity data field by clicking the OK 

button. Apart from the formwork of concrete walls and columns as discussed 

above in Section 4.4.5, the mini-pile objects never gave the correct BoQ quantities, 

irrespective of modelling methods and hence adjustment to the mini-pile 

quantities were made. The mini-piles shown in Figure 71 transferred the loading 

from pile caps to bed rock. Although the model quantities in Table 19 reflect the 

actual pile lengths, the BoQ quantities measure the length of each pile from 

existing ground level rather than pile cap’s soffit level. The missing sections 

(section I and section G in Figure 72) in fact do not and should not physically 

exist and therefore are never taken off from the model. The mini-pile model 

quantity schedule was exported to a spreadsheet, on which part I and part G were 

added in order to achieve the required BoQ quantities. In short, the default 

material schedules only list the objects which appear in the model.  
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Figure 70: The quantity adjustment interface in WDD-16 BoQ 

 

Figure 71: The mini-piles and bed rock profile in the BIM model 

Table 19: A portion of the mini-pile model quantities 
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Figure 72: Mini-pile model quantities exported to a spreadsheet for making up BoQ quantities 

 

According to the SMM, the total rock socket length should be given as an “Extra 

Over” item in the BoQ (Figure 73). Again, no rock socket pile exists in the model 

and the quantity is also determined in the spreadsheet. Apart from using the 

spreadsheet, the same results can also be obtained from within the model quantity 

schedule. The crucial issue is to create two additional parameters, namely existing 

ground level and rock socket length, in the master mini-pile. The two constant 

values, +65.5m for ground level and 3.3m for socket length, are input and hence 

automatically apply to instances of the master mini-pile. When creating the mini-

pile material takeoff schedule, add the rock socket field into the schedule and 

create a calculated field which can derive the missing length from existing ground 

level to the pile cap soffit level using a formula.  
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Figure 73: The “extra over” items in a piling BoQ 

5.8.2 Analysis 

The quantity adjustment interface illustrates how the default ifcXML data can be 

adjusted to accommodate different data definitions between product and 

document models. The adjusted data is saved in the document XML file only. 

Questions arise as to whether the adjusted data should also be brought back to the 

product ifcXML file. To obtain a solid answer, a simple trial-and-error experiment 

was subsequently conducted to investigate whether the adjusted data can be 

imported by the BIM software - Revit. The results fall into categories (i) import 

fails and (ii) import successful, but with the operation of the model becoming 

unstable. The first category results are noted when changes are made in respect of 

the geometry data. However, no strong pattern was found to explain the second 

category.  Hence, due to these errors, the loading of amended ifcXML files into 

BIM software is not suggested.  In the real case, design or BIM consultants 

always work on the native BIM model file. The ifcXML file is only a written 

representation of the BIM model at any one point in time.    
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5.9 THE WORKS BREAKDOWN STRUCTURE 

An option to assign the Works Breakdown Structure (WBS) to individual ifcXML 

data and document data was provided in Part II of the B-D Link interface upon the 

request of Section 4.4.6.  

5.9.1 Results 

Part II of the B-D Link interface (Figure 69) was dedicated to assigning the 

existing Works Breakdown Structure (WBS) to the selected object and the 

associated BoQ items. The four drop-down boxes were arranged in line with the 

hierarchy of the WBS (Appendix 7). When an upper level activity was selected, 

the child activities were listed in the next drop-down box. The ID no. (e.g. 2.9.1.2) 

of the lowest level activity was used as the key to establish the relationship 

between the BIM and document models. The BIM-Document links were 

established by assigning the WBS and BoQ items to the selected BIM entity 

instances in the B-D Link interface. The relationships were maintained by the ID 

numbers of WBS, BoQ items and BIM entity instances. By clicking the 

“Summary of B-D links” button in the B-D link interface (Figure 70), the 

relationships were tabulated according to the BIM instance family. The case 

shown in Figure 74 lists the ID numbers of the wall objects, the associated WBS 

and WDD-16 BoQ data fields, details of which could be retrieved by clicking the 

ID numbers (Figure 75). These links enable the interoperability of information 

between the BIM instance and the BoQ document instance. The same approach as 

stated above in Sections 5.3 to 5.9 apply when establishing the relationships with 

other WDD document domains. 
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Figure 74: Summary of B-D links 

 

Figure 75: Details of the WBS and BoQ data field 
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5.9.2 Analysis  

The summary of B-D links clearly tabulates the relationship between individual 

BIM entity instances and the corresponding document data. The content in this 

final interface is documentary proof of the successful integration of the product 

model (ifcXML file) and document models (the XML works document domains). 

The trial run of IBDM v1.0 in the swimming pool project was up to this stage. 

The project XML BoQ file and the XSLT file can be used in e-tendering, 

valuation of variations, interim payments and final accounts. The other 

applications, such as daily report, progress report, site instruction and request for 

information, could be applicable in web-based project management. In the case of 

tendering, the tenderers could login and access the project XML BoQ which is 

hosted in a web server. The unit rates can then be inserted against the BoQ items. 

The arithmetical calculations for each item amount, sub-totals and grand total can 

be conducted automatically using the XML calculation functions. The priced 

XML BoQ of a tenderer could be saved as a separate file with a unique file name 

for submission. 

5.10 THE ISSUES OF SMM, BIM AND BOQ 

The Standard Method of Measurement (SMM) plays an important role in the 

production of Bills of Quantities (BoQ) in countries such as the UK, Australia and 

Hong Kong. This section is aimed to highlight and address the issues in relation to 

SMM, BIM and BoQ. Below are the three approaches to tackle the issues.  
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5.10.1 Pre-Modelling SMM Requirements 

As discussed in Section 4.4.2, the material quantities of a BIM instance depend 

upon how the instance is created. This concept has been previously illustrated (Fig. 

25) with an example involving columns, beams and floor slabs. This is the reason 

why the quantity surveying or SMM knowledge should be incorporated in the 

modelling process. The proposed Standard Method of Building Information 

Modelling (SMBIM) (Section 4.4.2) is a starting point of embedding the SMM 

rules in BIM instances as the first approach. The resulting model quantities are 

generated in accordance with the SMM rules. These quantities can be directly 

extracted and used in the BoQ documents of the IPDM model. However, 

following a SMM rule in the modelling process may jeopardise the application of 

the BIM instance in other disciplines such as structural analysis (Section 5.4.2). 

Therefore, it is suggested that SMBIM should be established with inputs and 

consensus from various disciplines instead of just the quantity surveying.   

5.10.2 Post-Modelling Quantity Adjustments 

The second approach does not take the SMM rules into account when creating a 

BIM instance. If a model quantity deviates from the BQ quantity that it should be 

according to the SMM (e.g. the concrete volume of a floor beam does not include 

part of the slab), this model quantity can be adjusted in an additional interface. An 

example of this interface has been previously shown in Figure 70. However, the 

quantity surveyor should clearly understand the difference between the model 

quantity and the BQ quantity in order to make appropriate adjustments. For this 

reason, this approach should only be used for those objects where the SMM rules 
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would cause a substantial amount of modelling time or the SMM rules would 

jeopardise the use of the instance for other purposes such as structural analysis.   

5.10.2 Non-Standard or BIM-Oriented SMM Rules 

The third approach is to use non-standard SMM rules or develop a new set of 

BIM-oriented SMM rules based on the existing one. The new rules reflect the 

actual model quantities generated by a BIM software. For instance, a floor beam 

can be modelled with the full depth instead of excluding the slab thickness. The 

resulting model quantity therefore include part of the slab. This quantity is 

incorrect according to the existing Hong Kong SMM where a slab should be 

measured over floor beams. A basic question to the use of SMM is whether the 

rules must be followed word-by-word or could be amended at the discretion of 

quantity surveyors. In practice, it is not uncommon to see some “not-withstanding 

to the SMM….” clauses at the beginning of each bill section or to be elaborated in 

the preamble section of bill of quantities. These clauses alert the tenderers that 

something have been measured in a way not following the SMM. Hence proper 

cost estimates can be made in respect of these items with non-standard 

measurement rules. As the application of BIM is still in its infancy, it is suggested 

that this “non-withstanding to the SMM” approach could be adopted in the short 

run. The development of a new set of BIM-oriented SMM rules should be 

considered when BIM becomes more common in the future. This could be 

regarded as part of the re-engineering of quantity surveying professional with the 

impact of BIM applications. 
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A worked example of non-standard or BIM-oriented SMM rules is illustrated in 

Figure 76. The highlighted objects in the BIM model are 150mm thick external or 

125mm thick internal concrete block walls. The total model quantities, the 

inserted rates and the extended amounts of these walls are shown in the table 

underneath the diagrams. The notes indicate that the finishes are included in these 

walls, meaning that the rates should take into account the finishes. Although the 

presentation in Figure 76 is very different from a conventional BoQ, it does 

unambiguously show the objects that are being referred to in the measured items. 

This could be a future format of BoQ which requires further research. 
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Figure 76: Worked example of non-standard or BIM oriented SMM rules in BIM for the production of BQ with BIM views in 
interactive PDF format. 

5.11 CHAPTER SUMMARY 

The validation of Integrated BIM-Document Model (IBDM) is presented in this 

chapter. The results, which indicate a successful integration of BIM models and 

document models, give substance and contribute new knowledge to the concept of 
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IBDM.  Nonetheless, the following technical and professional issues have also 

been identified and need to be addressed:  

i) Not all BIM software, e.g. Revit and Digital Project, can directly 

output ifcXML files.  

ii) Using ArchiCAD for translating IFC files in P21 format to ifcXML 

files results in extraordinary large ifcXML file sizes which are 

inoperable by internet browsers and XML parsers. 

iii) The current practices of construction professional disciplines may 

need to be reviewed as an reengineering processs with the impact 

of new technologies such as BIM in quantity surveying for BQ 

production 
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6.1 OUTLINE OF THE CHAPTER 

The main focus of this PhD study is the Integrated BIM-Document Model 

(IBDM). However, an essential prerequisite to the application of IBDM is the use 

of BIM in place of conventional 2D CAD. As stated in Section 1.2, the last 

objective of this study is to propose the ways to increase the uptake of BIM and 

hence the IBDM. To achieve this objective, Questionnaire 2 (Appendix 8) has 

been developed to gather the data for the analysis. This questionnaire serves two 

purposes - (i) to review the status of BIM application in the industry after 

questionnaire 1 was conducted 2.5 years ago, and (ii) to obtain the views on the 

use of BIM from different professional disciplines. 

6.2 DETAILS OF THE QUESTIONNAIRE SURVEY 

As shown in Appendix 6, the questionnaire consists of 12 questions. The first 

question (Q1) was designed to measure the degree of new knowledge which was 

gained by the respondents after attending the CPD events. Q3 to Q5 were 

extracted from Questionnaire 1 and the purpose was to study the use of BIM in 

the respondents’ offices. Q6 to Q9 are the additional questions to obtain the 

respondents’ views on issues including their major concerns in the 

implementation of BIM, the Government’s role in promoting the application of 

BIM and the teaching of BIM in educational institutions. Q10 to Q12 were 

designed to obtain the background of the respondents for analysis.  



Chapter 7 – Questionnaire Surveys 

 

 

 163

The questionnaire survey was administered in three Continuing Professional 

Development (CPD) events held between February to August 2007 in Hong Kong. 

Details are given in Table 20. 

Table 20: Details of the CPD events for administering questionnaire 2 

Date Organiser/Co-organisers CPD Topic 
5th Feb 2007 The Hong Kong Institute of Architects (HKIA) BIM – The Experience 
11th Jun 2007 Royal Institution of Chartered Surveyors (RICS), 

Association of Cost Engineers (ACE) and The 
Institution of Clerk of Works 

BIM – An Emerging Technology 

30th Aug 2007 The Institution of Civil Engineering Surveyors 
(ICES) and The Hong Kong Institution of 
Engineering Surveyors (HKIES) 

Construction Information 
Modelling for Surveyors 

 

Each CPD event was presented by a number of professionals who had been using 

BIM in architecture, structural engineering, building services engineering, 

quantity surveying, engineering surveying and/or construction. The audiences 

were therefore presented with both the general concept of BIM and its specific 

applications. The questionnaire was then distributed to the audiences at the end of 

presentations. The background of the survey was introduced first. The audiences 

were then invited to complete the questionnaires during the tea break before the 

final plenary section.  

 

6.3 RESULTS AND ANALYSIS 

6.3.1 The Samples 

The three Continuing Professional Development (CPD) seminars attracted a total 

of 206 participants, including 68 members from the Hong Kong Institute of 

Architects (HKIA), 56 members from the Royal Institution of Chartered 

Surveyors (RICS) (Hong Kong Branch) and 82 members from the Institute of 
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Civil Engineering Surveyors (ICES) (Hong Kong Branch) together with the Hong 

Kong Institute of Engineering Surveyors (HKIES). The hard copies of 

Questionnaire 2 were distributed to these participants before the end of each CPD 

seminar. They were introduced with the purpose of the survey and given about 10 

minutes to complete the questions. The completed questionnaires were returned at 

the end of the seminars.  

 

This survey method successfully rendered 147 completed questionnaires, 

representing an overall respond rate of 72% (149/206). These 147 questionnaires 

consist of 34 respondents from HKIA, 44 respondents from RICS and 69 

respondents from ICES/HKIES. The individual respond rates in these three 

seminars are 50% (34/68), 79% (44/56) and 84% (69/82) respectively. As 

observed, a small portion of participants were unable to attend the whole seminar 

and therefore their questionnaires were not returned. The increasing respond rate 

in RICS and ICES/HKIES was owing to the improved resource and logistic to 

distribute and collect the questionnaires.  

 

According to the result obtained in Question 10, 32 out of 34 respondents in the 

HKIA seminar were architects and only 2 respondents did not specify their 

profession. The RICS CPD seminar was organised by the Project Management 

Faculty but opened to other faculty members. Hence, the 44 respondents consist 

of 27 Project Managers, 12 Quantity Surveyors, 2 Building Surveyors and 3 

unspecified members. Interestingly, the 69 respondents in the ICES/HKIES  

seminar comprise 31 Quantity Surveyors, 27 engineering surveyors, 9 Structural 
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Engineers, and 2 unspecified members. The overall spilt of respondents among 

these professions is shown in Figure 77.  

Project Managers;

27; 18%

Engineering

Surveyors; 27;

18%

Architects; 32;

22%

Building

Surveyors; 2; 1%

Structural

Engineers; 9; 6%

Others/Not

specified; 7; 5%

Quantity

Surveyors; 43;

30%

 

Figure 77: Background of the respondents 

 

As shown in Table 21, senior professionals with over 20 years and 10 to 20 years 

practical experience account for 22% (10%+9%+3%) and 36% (22%+14%) 

respectively. Young professionals with 2 to 10 years experience account for 29% 

(12%+17%). Only 9% of the respondents were regarded as graduate trainees with 

less than 2 years experience. These surveys had collected a representative set of 

samples and can reasonable reflect the views of the industry.   

Table 21: Year of experience of the respondents (Question 10) 

Year of 
Experience 

Architects Project 
Manager 

Quantity 
Surveyors

Engineering 
Surveyors 

Structural 
Engineers

Building 
Surveyors

Others Total Percentage

<2  3 3 4 2 0 1 0 13 9% 

>2 and <5  1 3 3 6 3 0 1 17 12% 

>5 and <10 9 4 8 3 0 0 1 25 17% 

>10 and <15 2 6 12 8 3 0 1 32 22% 

>15 and <20 6 3 5 5 1 0 0 20 14% 

>20 and <25  0 3 6 2 2 1 0 14 10% 

>25 and <30  5 4 3 1 0 0 0 13 9% 

>30  2 0 2 0 0 0 0 4 3% 

Not Specify 4 1 0 0 0 0 4 9 6% 
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Total 32 27 43 27 9 2 7 147 100% 

Percentage 22% 18% 30% 18% 6% 1% 5% 100%  

 

6.3.2 Knowledge about BIM 

The results obtained in Question 1 (Figure 78) reveal that about one-thirds (36%) 

of all the 147 respondents had never heard about BIM (scale 0) and another one-

thirds (12%+14%+9%=35%) only had very little BIM knowledge (scale 1-3). 

Respondents with moderate knowledge (scale 4-6) and advanced knowledge 

(scale 7-9) account for 17% (6%+6%+5%) and 9% (2%+4%+3%) respectively. 

Only 3% of the respondents knew all the things presented in the seminars (scale 

10). The mean of all these responses is 2.5 with a standard deviation of 2.8.  

All Professions

36%

12%
14%

9%

6%

6%

5%

4%
3%

2%

3%

0 1 2 3 4 5 6 7 8 9 10  

Figure 78: Knowledge about BIM - All Professions (Question 1) 

 

When the results are analysed according to individual professions (Figure 79), it 

can be seen that architects has the highest mean scale of knowledge (3.3). This 

figure is also higher than the overall mean (2.5) by 32% [(3.3-2.5)/2.5]. Quantity 

surveyors, structural engineers and engineering surveyors have similar mean (2.5 

vs 2.4 vs 2.3). Over half (55%) of the project managers had never heard about 

Mean: 2.5 
S.D.: 2.8 
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BIM (scale 0) and another one-thirds (11%+11%+11%) had very little BIM 

knowledge (scale 1-3). As a result, their mean scale of knowledge (1.6) is lower 

than the overall mean (2.5) by 36% [(1.6-2.5)/2.5].  

Architects
13%

16%

27%10%

6%

6%

6%

10%

3%3%

0%

0 1 2 3 4 5 6 7 8 9 10  

Project Managers

55%

11%

11%

11%

0%0%0%
0%

4%4%
4%

0 1 2 3 4 5 6 7 8 9 10  

Quantity Surveyors

39%

5%
9%

14%

12%

9%

0%

2%
5%

0%
5%

0 1 2 3 4 5 6 7 8 9 10  

Engineering Surveyors

41%

8%

8%

8%

8%
0%

0%

19%

0%

0%
8%

0 1 2 3 4 5 6 7 8 9 10

Structrual Engineers

34%

11%
0%

0%

11%

22%

22%

0%
0%

0%
0%

0 1 2 3 4 5 6 7 8 9 10  

Others

34%

17%
25%

0%

0%

0%

8%

8%

8%

0%

0%

0 1 2 3 4 5 6 7 8 9 10  

Figure 79: Knowledge about BIM – Individual Professions (Question 1) 

 

6.3.3 Major Concerns with BIM Implementation 

Most respondents actively responded to the open end questions. In Question 6, 

69% (101/147) of the respondents specified their major concerns with the 

implementation of BIM. The 132 written responses have been analysed and 

clustered into 10 different concerns (Table 22). The following sub-sections 

discuss these concerns in the order of the frequency of occurrence.  

Table 22: The ten major concerns with BIM implementation 

Concerns No. of responses 
Cost of BIM implementation 42 
Shortage of skilled staff, technical support and training 32 
Time spending/saving 15 
Uncertainty about the BIM tools 10 

Mean: 3.3 
S.D.: 2.9 

Mean: 1.6 
S.D.: 2.8 

Mean: 2.5 
S.D.: 2.7 

Mean: 2.3 
S.D.: 2.9 

Mean: 2.4 
S.D.: 2.6 
Mean: 2.4 
S.D.: 2.6 

Mean: 2.7 
S.D.: 3.4 
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Coordination/collaboration with other consultants 9 
Reluctant to change 8 
User friendliness 6 
Popularity of BIM 5 
Statutory requirements and liabilities 3 
Upfront recourses required and fee structure 2 
Total 132 

 

(i)  Cost of BIM implementation (42 responses) 

The cost of BIM implementation was the most frequently raised concern. The 

total cost commitment includes the cost of software, hardware, training, technical 

support and BIM consultancy. As explicitly indicated by a respondent, it would 

not be able to justify the value of BIM implementation without knowing the cost 

of investment. Although the capital investment can be calculated from purchase 

orders and contracts, the quantification of benefits involves in-depth investigation 

of the workflow along the project life-cycle. This is an important topic that needs 

to be addressed in future research. 

 

(ii) Shortage of skilled staff, technical support and training (32 responses) 

The second biggest concern among the respondents was the shortage of skilled 

staff members, technical support and training. As revealed in Section 7.3.2 

(Question 1), BIM is still a new technology in the local industry and two-thirds of 

the practitioners possessed very fundamental or even without any BIM knowledge. 

A respondent, who was a Director in an architect firm, points out that he would 

like to adopt BIM but no one knew how to use it in his company. A Senior 

Architect in another architecture firm added that there would be a lot of work for 

the person-in-charge of the model. An Architect also expressed his concern over 

the compatibility of skills between CAD and BIM. Indeed, the operability of BIM 

is substantially different from traditional 2D CAD drafting. The supply of 
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graduates with BIM knowledge and skills from academic institutions has yet to 

materialise as BIM has not been formally included in the curriculum of most 

undergraduate and sub-degree programmes in Hong Kong.  

 

(iii) Time spending/saving (15 responses) 

Time was the third frequently raised issue among the respondents. However, most 

of their manuscripts requested for more information rather than specifying their 

concerns. For examples, “what to be input to BIM, how long does it take?”, “is it 

time consuming in forming the model?”, “how long does it take to get familiar 

with the systems” and “any time-saving?”. These responses indicate their 

uncertainties about the overall time implication of BIM when compared to 

traditional 2D CAD drafting. Two respondents stated that “it is time consuming to 

make the model” and “the modelling time may not match the progress of site 

work”. As mentioned, the time-related issues require in-depth investigation since 

the time saving in a discipline may result in the expense of another discipline. For 

example, automated material take-off requires a more rigorous and time-

consuming modelling process. It is necessary to establish a methodology for the 

quantification of the overall time implication of BIM in order to draw a 

convincing conclusion.  

 

(iv) Coordination/collaboration with other consultants (10 responses) 

Most respondents appreciate that a BIM model is a coordinated effort of architects, 

structural engineers, building services engineers, quantity surveyors as well as 

other specialists. Their main concerns lie with (a) the responsibility of 

coordinating the inputs from different consultants, (b) the sharing of the single 
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BIM model amongst project parties in different locations, (c) the requirement for 

following a stipulated modelling method and incorporating additional information 

to satisfy the need of other consultants (e.g. quantity take-off) and (d) the 

validation of inputs against the stipulated requirements. As discussed in Section 

4.4.3 and Section 5.3.1, items (a) and (d) can be handled by a BIM consultant. If 

the design consultants are required to build the models by themselves (i.e. design 

consultant-lead modelling approach), the stipulated modeling method should be 

enforced by the client with the assistance of a BIM consultant. If the design 

consultants only need to pass the 2D CAD drawings to the BIM consultant for 

modelling (i.e. BIM consultant-lead modelling approach), their design is 

coordinated under the single roof of the BIM consultant. Item (b) is a technical 

issue which can be resolved using the built-in data sharing features in most BIM 

tools (e.g. Workset in Revit and Specification Tree in Digital Project). 

 

(v)  Uncertainty about the BIM tools (9 responses) 

The traditional 2D CAD drafting has been applied for more than 20 years and has 

now become a common practice in the industry. A transitional period to move 

from this traditional practice to BIM is expected. In this connection, respondents 

showed their uncertainties about software compatibility and data interoperability 

between BIM and existing tools. They also concerned about the functions of BIM 

tools, selection of suitable BIM tools, hardware requirements, security issues, 

accuracy and availability of sufficient modelling objects.  

 

(vi)  Reluctant to change (8 responses) 
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A few respondents questioned the need to move from 2D CAD drafting to BIM if 

they could deliver projects of different scales and types using the traditional 

methods. They expressed that entity-based CAD software could largely fulfil 

design and drafting needs and believed that BIM could not reduce the drafting 

time. This is particularly true if BIM cannot bring large productivity gain over 

their existing practices. Their reluctance to change also arises from the fear of 

losing their professional value. As revealed in the trail project and the two case 

studies, the quantity surveyors played curial roles in defining the BIM models for 

accurate quantity measurement. This demonstrated the importance of professional 

knowledge and experience. The mindset of the practitioners and the industry 

culture obviously hinder the transition from 2D CAD to BIM.  

 

(vii) User friendliness (6 responses) 

Six respondents stated their concerns about the complexity of BIM tools over the 

de-facto 2D CAD drafting tools. They generally held a perception that BIM tools 

were difficult to learn and use. User friendliness is an important consideration in 

software application. Due to different system architectures, the functions and the 

user interfaces of BIM tools are significantly different from conventional 2D 

CAD software. Hence, possessing extensive 2D skills and experience is not a 

definite advantage in the use of BIM. Experienced practitioners using 2D CAD 

still need to learn BIM software from scratch. This learning process is 

unavoidable but adequate training support and user-friendliness can minimize the 

adverse effect on the uptake of BIM.  

 

(i) Popularity of BIM (5 responses) 
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Although the concept of BIM has existed for years, its popularity is still far 

behind the traditional 2D CAD drafting method. A few respondents stressed that 

their decision to use BIM depends upon the popularity of BIM among the project 

team members. Architects are not in the position to convert the 2D building 

services drawings into BIM. Similarly, building services engineers have little or 

no motivation to use BIM if they are only provided with 2D architecture and 

structural drawings. As mentioned, the decision to use BIM involves significant 

resources and process re-engineering. Their concerns explain why the BIM 

consultant-lead modelling approach is needed. More cases of BIM 

implementation should be shared to not only the practitioners but also the 

stakeholders who can put in more resources to the project team members and BIM 

consultants.  

 

(ii) Statutory requirements and liabilities (3 responses) 

As mentioned by a respondent, the statutory bodies only accept 2D CAD 

drawings in addition to hardcopy for approval. He questioned whether BIM can 

produce 2D CAD drawings which satisfy the statutory requirements. In fact, a 

BIM tool can automatically generate a set of coordinated 2D drawings from a 

central BIM model. The local Government may also study the practices of BIM-

based design submission adopted by the US and Singapore Governments.  Two 

respondents also concern with the liabilities if the BIM model and 2D drawings 

are produced by a BIM consultant. In view of this, the consultancy agreements 

should clearly define the liabilities to avoid possible doubts.     

 

(x) Upfront resources and fee structure (2 responses) 
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Although upfront resources and fee structure are the least mentioned concerns, 

these are importance issues which should be known by all stakeholders planning 

to implement BIM. In traditional 2D CAD drafting approach, significant among 

of resources are required to coordinate the drawings and correct the identified 

drawing discrepancies in detail design and construction stages. In contrast, the use 

of BIM requires more upfront manpower in modelling the design while the 

drawings are all coordinated and consistent owing to the single database. Hence, 

the current fee structures need to be revised to suit the upfront resources and cash 

flow of the design consultants.  

6.3.4 Comments and Views on the Government’s Role 

A total of 47 respondents provided comments and views in Question 8 regarding 

the Government’s role in the implementation of BIM. These responses are 

analysed and clustered under the following 3 headings:  

 

(i) Take a lead in the implementation of BIM (30 responses) 

Slightly more than two-thirds of the respondents suggested the Government to 

take a lead in the implementation of BIM. They generally had a vision to use this 

advance information technology in the Hong Kong construction industry. As 

remarked by a respondent, “it can let more companies to know BIM and finally 

use this system if BIM is implemented in Government projects”. The local 

Government may try BIM internally and then request the external project parties 

to use it. By taking reference from the U.S. General Services Administration 

(GSA) and the Singapore Building and Construction Authority (BCA), the 

Government may accept the submission of BIM models in addition to 2D CAD 
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drawings for code checking and other purposes. Nonetheless, 4 respondents 

expressed that the uptake of BIM should be market driven and against the 

Government to take a lead or force the industry to use any one of the BIM 

software.  

(ii) Provide training, financial assistance and incentive scheme (6 responses) 

Six respondents expected the Government to facilitate the industry to adopt BIM. 

Their suggestions include the provision of training courses, financial assistance 

and incentive schemes for the practitioners and stakeholders planning or using 

BIM. As a matter of fact, the Hong Kong Government has introduced the 

Continuing Education Fund (CEF) 10  to subsidize adults to pursue continuing 

education and training courses. Although it may not be appropriate for the 

Government to offer training courses, external training service providers could 

submit their BIM course proposals for registration as CEF courses. 

 

(iii) Establish BIM standard and contract clauses (3 responses) 

The need for establishing a BIM standard, work procedures and contract clauses 

was only mentioned by 3 respondents but it is not the least important issue. As 

revealed in the validation of IBDM and the two Case Studies, the success of BIM 

applications such as clash detection and material take-off relies on well 

established modelling requirements and work procedures. While work procedures 

are business processes which are different across organisations, the modelling 

requirements should be standardised to facilitate reuse of BIM data across the 

project life-cycle. The reason for the development of BIM standards is analogical 

                                                 

10 Applicants will be reimbursed 80% of their fees, subject to a maximum sum of HK$10,000, on successful completion of a 
reimbursed course. (CEF 2008) 
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to the establishment of CAD standards such as ISO 13567 at international level, 

BS 1192 (Part V) in the UK and the CAD Standard for Works Projects (CSWP) in 

Hong Kong. The National Building Information Modelling Standard (NBIMS) in 

the US could be used as a normative reference for the development of the local 

BIM standard. A respondent also pointed out that the existing consultancy service 

agreements should be updated to take into account the additional scope of services 

in connection with the use of BIM. The updating of consultancy agreement does 

apply to projects in the private sector. As demonstrated in the two case studies, the 

design consultants and/or the BIM consultants were required to build the BIM 

models under the contracts.  

6.3.5 BIM in Tertiary Education  

The shortage of skilled staff members is a major concern in the implementation of 

BIM. To meet the demand, the provision of training courses for practitioners and 

BIM subjects for students are of utmost importance. While training courses could 

be offered by external service providers, BIM has not been formally included in 

the curriculum of most construction related academic programmes in Hong Kong. 

Table 26 tabulates the results in respect of the respondents’ wishes to include BIM 

in the curriculum of 8 academic programmes. The total scores are derived from 

summing up the individual scores [1 (no need) to 5 (very essential)] in each 

programme. The mean score is obtained by dividing the total rating by the number 

of respondents.  

Table 23: Inclusion of BIM in the curriculum of major academic programmes 

 Total 
score

No. of 
respondents

Respond 
rate 

Mean 
score 

Standard 
deviation

Cluster

BSc (Hons) in Architecture 531 129 87.8% 4.1 1.0 1  
MSc in Architecture 517 130 88.4% 4.0 1.1 1 
BSc (Hons) in Building/Construction 489 121 82.3% 3.8 1.0 2 
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BSc (Hons) in Surveying 497 131 89.1% 3.8 1.0 2 
MSc in Project Management 463 129 87.8% 3.6 1.0 3 
Associate Degree in Architecture 463 130 88.4% 3.6 1.2 3 
Higher Diploma in Building/Construction 434 131 89.1% 3.3 1.1 4 
Diploma in Building/Construction 408 129 87.8% 3.2 1.2 4 
All programmes (average) 475 129 87.8% 3.7 1.1 - 
Notes: Total score = Summation of individual score [1 (no need) to 5 (very essential)] input by the 
respondents. Respond rate = No. of respondents / Total 147 respondents. 

 

The respond rates of the 8 programmes are all over 80%. The mean scores are in 

the range from 3.2 to 4.1 with an average mean score of 3.7, indicating that it is 

desirable to include BIM in the curriculum of construction related subjects. The 8 

programmes fall into four clusters based on individual mean scores and standard 

deviation. The teaching of BIM in BSc in Architecture and MSc in Architecture 

are essential (mean score: 4.05). This result corresponds to the fact that BIM is 

primarily used by designers to facilitate their design. Higher diploma and diploma 

in Building or Construction are in the lowest tier where the teaching of BIM is 

slightly above desirable (mean score: 3.25). It has been a tradition that higher 

diploma and diploma students receive more teaching on 2D CAD than degree and 

master students due to the distinct division of work between CAD drafting and 

building design. The above results draw a reverse picture to this tradition. The 

involvement of professional grade staff (i.e. degree and master degree graduates) 

in the operation of BIM tools will be more than the technical grade staff (i.e. 

diploma and higher diploma graduates), except the industry at large go for the 

BIM consultant-lead modelling approach which requires a large number of 

technical grade staff to convert the 2D CAD drawings into BIM models. The 

survey did not measure the respondents’ views toward other disciplines such as 

civil and structural engineering and building services engineering since the 

practitioners in these disciplines were not invited to the CPD seminars.  
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6.4 CHAPTER SUMMARY 

According to the key findings of this questionnaire, the major concerns in the 

implementation of BIM include (a) the initial and running costs, (b) actual time 

spending/saving, (c) coordination/collaboration with other consultants, (d) 

uncertainty about the functionality of BIM tools, (e) reluctance to change, (f) user 

friendliness, (g) popularity of BIM, (h) statutory requirements and liabilities, and 

(i) upfront resource required and fee structure. Architects would be more 

proactive in adopting BIM if they could see a large gain in productivity over the 

use of conventional CAD systems and the downstream applications of the 

building information. The apparent reasons for using BIM is that different views 

and schedules can be generated and updated automatically and instantly.  

 

More importantly, clients can play an influential role in the use of BIM. The 

involvement of other project team members in making and utilising the models is 

crucial to the overall value of BIM implementation. Majority of the respondents 

expect the Government to take a lead in adopting BIM and establishing the 

necessary BIM standards, work procedures and contract clauses. The Government 

is also suggested to facilitate this technological advancement by provide training, 

financial support and incentive schemes for using BIM. However, a few 

respondents do think that the uptake of BIM should be market driven and there 

should not be any Government intervention.  
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Most respondents also expect the academic institutions to include BIM in the 

curriculum of construction related programmes. Unlike the traditional 2D CAD 

drafting practice, the demand for BIM training in BSc and MSc programmes is 

higher than Associate Degree and Sub-Degree programmes. 

 

The above findings should be taken into account when designing the roadmap for 

transforming 2D CAD drafting practice to BIM, which is of vital importance to 

the application of IBDM in future. Priority should be given to (i) arousing the 

awareness of this technological advancement to the industry as a whole, (ii) 

establishing the BIM standards, work procedures and contract clauses, and (iii) 

equipping the practitioners and students with BIM skills. 
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7.1 CONCLUSIONS  

This PhD study has achieved the pre-defined research objectives as stated in 

Section 1.2. The in-depth literature review covers Product/Building Information 

Models (BIM), Document Models (DM) and the associated semantic 

representation languages including Industry Foundation Classes (IFC) and 

eXtensible Markup Langugage (XML). The interoperability between BIM and 

DM is the core issue which has been addressed in this PhD study. 

 

An “Integrated BIM-Document Model (IBDM)” has been formulated based on a 

Constructive Interface approach. This IBDM sets out the workflow and 

requirements for modelling and managing BIM instances, converting BIM models 

to ifcXML, adjusting the property values of ifcXML, converting document model 

instances to wpisXML and applying works breakdown structure. The linking of 

ifcXML product data and the wpisXML document data is established with the 

development of a prototype which consists of a number of web-based interfaces. 

The IBDM and the prototype have been validated under real project settings. The 

validation demonstrates that IBDM works if the size of ifcXML files fall within 

the handling capability. More importantly, client’s commitment to BIM under 

controlled workflow is crucial to the successful implementation of BIM and 

IBDM.  

 

Validating the whole IBDM with different projects was difficult to make because 

of the lack of BIM projects which could be accessed from design development to 

construction within the scope and period of this study. Nevertheless, the subject, 
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i.e. Fukien in-door swimming pool, has seamlessly fulfilled the required attributes 

for a holistic validation which would otherwise not have been achieved using 

other available BIM projects. In addition to the technical issues, other non-

technical aspects for the move from 2D computer-aided design to multi-

dimensional BIM (and hence the use of IBDM) have been addressed using a 

questionnaire survey. These findings are of vital importance to the application and 

development of IBDM in future. The results of the BIM implementation 

framework need to be verified in larger scale projects. 

7.2 RECOMMENDATIONS 

In addition to IFC, BIM software vendors are recommended to enable direct 

export of ifcXML to facilitate further research in the context of ifcXML-based 

interoperability. Data integrity during the conversion processes should also be 

enhanced. The accreditation of IFC/ifcXML by IAI should be scrutinised to 

enhance the consistence and integrity of these conversion processes.  

 

To speed up the move from 2D CAD to BIM, the industry should adopt common 

BIM standards which specify the modelling methods and level of details. BIM 

software vendors are recommended to financially support localisation of existing 

object libraries or creation of new ones for free download. By doing this the 

overlapping resources and hence the cost of manipulating object libraries can be 

significantly saved at the industrial level.  

 

Apart from the technical side, priority should be given to equipping the 

practitioners and students with BIM skills. To meet the short term demand, 
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Computer Aided Design (CAD) training centres could team up with experienced 

BIM practitioners to offer short term BIM training courses for traditional CAD 

draftsmen. In the long run tertiary institutions should include BIM in the 

curriculum of undergraduate and sub-degree programmes where appropriate. In 

particular, students studying building services engineering should be equipped 

with building services coordination in addition to the design knowledge. BIM 

vendors and IAI have a common interest in arousing the awareness of BIM to the 

industry and tertiary institutions. To that end more teaching and research activities 

should be collaborated between them. The work procedures, contract clauses and 

fee structures of different consultants need to be reviewed to suit the upfront 

resources requirement with the use of BIM.  

 

7.3 FURTHER RESEARCH 

The findings of this study inevitably led to further research. The key question is 

whether BIM models can be updated throught changing the corresponding data in 

document models. This backward updating is not provided in the current IBDM 

since ifcXML files cannot be imported into BIM software. However, an 

alternative approach using the Application Programming Interfaces (APIs) of the 

BIM software is worth considering. The concept of holding all building 

information in a “Single Project File” claimed by most BIM vendors is possible 

but the efficiency of operating such heavy project file is questionable. This 

concept needs to be tested with large scale projects and more sophisticated BIM 

data management methods such as using a BIM server could be formulated in 
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future research. The future application of BIM in facility and property 

management is worth investigating as this is a key benefit to the clients. 
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APPENDIX 1 – QUESTIONNAIRE 1 
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APPENDIX 2: WPIS XML SCHEMA  

WDD-1.0 Project Contract Profile (WDD-1.0-1.0.xsd) 

<?xml version="1.0" encoding="big5"?> 
<xs:schema targetNamespace="http://www.etwb.gov.hk/wpis/v1.0" 
xmlns:cct="http://www.xml.gov.hk/schemas/cct" 
xmlns:xs="http://www.w3.org/2001/XMLSchema" xmlns="http://www.etwb.gov.hk/wpis/v1.0" 
elementFormDefault="qualified" attributeFormDefault="unqualified" version="1.0"> 
 <xs:import namespace="http://www.xml.gov.hk/schemas/cct" 
schemaLocation="./cct.xsd"/> 
 <xs:complexType name="ProjectContractDurationDetails.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000001, Dictionary Entry Name 
= Project Contract Duration. Details, 
   Duration of a works project/contract, including the section of works and 
the duration.</xs:documentation> 
  </xs:annotation> 
  <xs:sequence> 
   <xs:element name="ProjectContractSection" 
type="ProjectContractDurationProjectContractSectionText.V1.0.CT"/> 
   <xs:element name="Duration" 
type="ProjectContractDurationDurationMeasure.V1.0.CT"/> 
  </xs:sequence> 
 </xs:complexType> 
 <xs:complexType 
name="ProjectContractDurationProjectContractSectionText.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000002, Dictionary Entry Name 
= Project Contract Duration. Project Contract Section. Text, 
   Section of a works project/contract.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Text.CT"/> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType name="ProjectContractDurationDurationMeasure.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000003, Dictionary Entry Name 
= Project Contract Duration. Duration. Measure, 
   Time duration of a particular section of a works 
project/contract.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Measure.CT"/> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType name="ProjectContractProfileDetails.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000004, Dictionary Entry Name 
= Project Contract Profile. Details, 
   Profile of a works project/contract.</xs:documentation> 
  </xs:annotation> 
  <xs:sequence> 
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   <xs:element name="ProjectContractNumber" 
type="ProjectContractProfileProjectContractNumberIdentifier.V1.0.CT" minOccurs="0"/> 
   <xs:element name="ProjectContractTitle" 
type="ProjectContractProfileProjectContractTitleText.V1.0.CT" minOccurs="0"/> 
   <xs:element name="Objective" 
type="ProjectContractProfileObjectiveText.V1.0.CT" minOccurs="0"/> 
   <xs:element name="WorksLocation" 
type="ProjectContractProfileWorksLocationText.V1.0.CT" minOccurs="0"/> 
   <xs:element name="Type" 
type="ProjectContractProfileTypeText.V1.0.CT" minOccurs="0"/> 
   <xs:element name="BuildingType" 
type="ProjectContractProfileBuildingTypeText.V1.0.CT" minOccurs="0"/> 
   <xs:element name="Scope" 
type="ProjectContractProfileScopeText.V1.0.CT" minOccurs="0"/> 
   <xs:element name="Progress" 
type="ProjectContractProfileProgressText.V1.0.CT" minOccurs="0"/> 
   <xs:element name="Cost" 
type="ProjectContractProfileCostAmount.V1.0.CT" minOccurs="0"/> 
   <xs:element name="Consultant" 
type="ProjectContractProfileConsultantName.V1.0.CT" minOccurs="0" 
maxOccurs="unbounded"/> 
   <xs:element name="Contractor" 
type="ProjectContractProfileContractorName.V1.0.CT" minOccurs="0" 
maxOccurs="unbounded"/> 
   <xs:element name="AwardDate" 
type="ProjectContractProfileAwardDate.V1.0.CT" minOccurs="0"/> 
   <xs:element name="CommencementDay" 
type="ProjectContractProfileCommencementDayNumeric.V1.0.CT" minOccurs="0"/> 
   <xs:element name="CommencementMonth" 
type="ProjectContractProfileCommencementMonthNumeric.V1.0.CT" minOccurs="0"/> 
   <xs:element name="CommencementQuarter" 
type="ProjectContractProfileCommencementQuarterNumeric.V1.0.CT" minOccurs="0"/> 
   <xs:element name="CommencementYear" 
type="ProjectContractProfileCommencementYearNumeric.V1.0.CT" minOccurs="0"/> 
   <xs:element name="AnticipatedCompletionDay" 
type="ProjectContractProfileAnticipatedCompletionDayNumeric.V1.0.CT" minOccurs="0"/> 
   <xs:element name="AnticipatedCompletionMonth" 
type="ProjectContractProfileAnticipatedCompletionMonthNumeric.V1.0.CT" minOccurs="0"/> 
   <xs:element name="AnticipatedCompletionQuarter" 
type="ProjectContractProfileAnticipatedCompletionQuarterNumeric.V1.0.CT" minOccurs="0"/> 
   <xs:element name="AnticipatedCompletionYear" 
type="ProjectContractProfileAnticipatedCompletionYearNumeric.V1.0.CT" minOccurs="0"/> 
   <xs:element name="ActualCompletionDay" 
type="ProjectContractProfileActualCompletionDayNumeric.V1.0.CT" minOccurs="0"/> 
   <xs:element name="ActualCompletionMonth" 
type="ProjectContractProfileActualCompletionMonthNumeric.V1.0.CT" minOccurs="0"/> 
   <xs:element name="ActualCompletionQuarter" 
type="ProjectContractProfileActualCompletionQuarterNumeric.V1.0.CT" minOccurs="0"/> 
   <xs:element name="ActualCompletionYear" 
type="ProjectContractProfileActualCompletionYearNumeric.V1.0.CT" minOccurs="0"/> 
   <xs:element name="Duration" 
type="ProjectContractDurationDetails.V1.0.CT" minOccurs="0" maxOccurs="unbounded"/> 
   <xs:element name="Website" 
type="ProjectContractProfileWebsiteURI.V1.0.CT" minOccurs="0"/> 
   <xs:element name="Remark" 
type="ProjectContractProfileRemarkText.V1.0.CT" minOccurs="0"/> 
   <xs:element name="ContactPersonName" 
type="ProjectContractProfileContactPersonName.V1.0.CT" minOccurs="0"/> 
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   <xs:element name="ContactPersonOrganization" 
type="ProjectContractProfileContactPersonOrganizationName.V1.0.CT" minOccurs="0"/> 
   <xs:element name="ContactPersonAddress" 
type="ProjectContractProfileContactPersonAddressText.V1.0.CT" minOccurs="0"/> 
   <xs:element name="ContactPersonTelephoneNumber" 
type="ProjectContractProfileContactPersonTelephoneNumberText.V1.0.CT" minOccurs="0"/> 
   <xs:element name="ClientOrganization" 
type="ProjectContractProfileClientOrganizationName.V1.0.CT" minOccurs="0"/> 
   <xs:element name="ClientOffice" 
type="ProjectContractProfileClientOfficeName.V1.0.CT" minOccurs="0"/> 
   <xs:element name="ClientDivision" 
type="ProjectContractProfileClientDivisionName.V1.0.CT" minOccurs="0"/> 
   <xs:element name="ResidentEngineer" 
type="ProjectContractProfileResidentEngineerName.V1.0.CT" minOccurs="0"/> 
   <xs:element name="SubContract" 
type="ProjectContractProfileDetails.V1.0.CT" minOccurs="0" maxOccurs="unbounded"/> 
  </xs:sequence> 
 </xs:complexType> 
 <xs:complexType 
name="ProjectContractProfileProjectContractNumberIdentifier.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000005, Dictionary Entry Name 
= Project Contract Profile. Project Contract Number. Identifier, 
   Works project/contract number, which is an identifier of a 
project/contract.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Identifier.CT"/> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType name="ProjectContractProfileProjectContractTitleText.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000006, Dictionary Entry Name 
= Project Contract Profile. Project Contract Title. Text, 
   Title of a works project/contract.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Text.CT"/> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType name="ProjectContractProfileObjectiveText.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000007, Dictionary Entry Name 
= Project Contract Profile. Objective. Text, 
   Objective of a works project/contract.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Text.CT"/> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType name="ProjectContractProfileWorksLocationText.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000008, Dictionary Entry Name 
= Project Contract Profile. Works Location. Text, 
   Location at which a works project/contract is 
conducted.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Text.CT"/> 
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  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType name="ProjectContractProfileTypeText.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000009, Dictionary Entry Name 
= Project Contract Profile. Type. Text, 
   Type of a works project/contract, for example, flood prevention, social 
welfare, etc.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Text.CT"/> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType name="ProjectContractProfileBuildingTypeText.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000010, Dictionary Entry Name 
= Project Contract Profile. Building Type. Text, 
   Building type of a works project/contract, for example, recreation, 
service for offender, border facility, etc.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Text.CT"/> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType name="ProjectContractProfileScopeText.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000011, Dictionary Entry Name 
= Project Contract Profile. Scope. Text, 
   Scope of a works project/contract.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Text.CT"/> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType name="ProjectContractProfileProgressText.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000012, Dictionary Entry Name 
= Project Contract Profile. Progress. Text, 
   Progress of a works project/contract.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Text.CT"/> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType name="ProjectContractProfileCostAmount.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000013, Dictionary Entry Name 
= Project Contract Profile. Cost. Amount, 
   Monetary value of a works project/contract.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Amount.CT"> 
    <xs:attribute name="currencyCode" default="HKD"> 
     <xs:simpleType> 
      <xs:restriction base="xs:token"> 
       <xs:enumeration value="HKD"/> 
      </xs:restriction> 
     </xs:simpleType> 
    </xs:attribute> 
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   </xs:restriction> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType name="ProjectContractProfileConsultantName.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000014, Dictionary Entry Name 
= Project Contract Profile. Consultant. Name, 
   Name of consultant of a works project/contract.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Name.CT"/> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType name="ProjectContractProfileContractorName.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000015, Dictionary Entry Name 
= Project Contract Profile. Contractor. Name, 
   Name of contractor of a works project/contract.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Name.CT"/> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType name="ProjectContractProfileAwardDate.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000016, Dictionary Entry Name 
= Project Contract Profile. Award. Date, 
   Date on which a works project/contract is 
awarded.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Date.CT"/> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType name="ProjectContractProfileCommencementDayNumeric.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000017, Dictionary Entry Name 
= Project Contract Profile. Commencement Day. Numeric, 
   Day of month on which a works project/contract 
commences.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Numeric.CT"> 
    <xs:minInclusive value="1"/> 
    <xs:maxInclusive value="31"/> 
   </xs:restriction> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType 
name="ProjectContractProfileCommencementMonthNumeric.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000018, Dictionary Entry Name 
= Project Contract Profile. Commencement Month. Numeric, 
   Month in which a works project/contract 
commences.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Numeric.CT"> 
    <xs:minInclusive value="1"/> 
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    <xs:maxInclusive value="12"/> 
   </xs:restriction> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType 
name="ProjectContractProfileCommencementQuarterNumeric.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000019, Dictionary Entry Name 
= Project Contract Profile. Commencement Quarter. Numeric, 
   Quarter of year in which a works project/contract 
commences.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Numeric.CT"> 
    <xs:minInclusive value="1"/> 
    <xs:maxInclusive value="4"/> 
   </xs:restriction> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType 
name="ProjectContractProfileCommencementYearNumeric.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000020, Dictionary Entry Name 
= Project Contract Profile. Commencement Year. Numeric, 
   Year in which a works project/contract 
commences.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Numeric.CT"> 
    <xs:totalDigits value="4"/> 
   </xs:restriction> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType 
name="ProjectContractProfileAnticipatedCompletionDayNumeric.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000021, Dictionary Entry Name 
= Project Contract Profile. Anticipated Completion Day. Numeric, 
   Day of month on which a works project/contract is anticipated to be 
completed.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Numeric.CT"> 
    <xs:minInclusive value="1"/> 
    <xs:maxInclusive value="31"/> 
   </xs:restriction> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType 
name="ProjectContractProfileAnticipatedCompletionMonthNumeric.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000022, Dictionary Entry Name 
= Project Contract Profile. Anticipated Completion Month. Numeric, 
   Month in which a works project/contract is anticipated to be 
completed.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Numeric.CT"> 
    <xs:minInclusive value="1"/> 
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    <xs:maxInclusive value="12"/> 
   </xs:restriction> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType 
name="ProjectContractProfileAnticipatedCompletionQuarterNumeric.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000023, Dictionary Entry Name 
= Project Contract Profile. Anticipated Completion Quarter. Numeric, 
   Quarter of year in which a works project/contract is anticipated to be 
completed.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Numeric.CT"> 
    <xs:minInclusive value="1"/> 
    <xs:maxInclusive value="4"/> 
   </xs:restriction> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType 
name="ProjectContractProfileAnticipatedCompletionYearNumeric.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000024, Dictionary Entry Name 
= Project Contract Profile. Anticipated Completion Year. Numeric, 
   Year in which a works project/contract is anticipated to be 
completed.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Numeric.CT"> 
    <xs:totalDigits value="4"/> 
   </xs:restriction> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType 
name="ProjectContractProfileActualCompletionDayNumeric.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000025, Dictionary Entry Name 
= Project Contract Profile. Actual Completion Day. Numeric, 
   Day of month on which a works project/contract is 
completed.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Numeric.CT"> 
    <xs:minInclusive value="1"/> 
    <xs:maxInclusive value="31"/> 
   </xs:restriction> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType 
name="ProjectContractProfileActualCompletionMonthNumeric.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000026, Dictionary Entry Name 
= Project Contract Profile. Actual Completion Month. Numeric, 
   Month in which a works project/contract is 
completed.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Numeric.CT"> 
    <xs:minInclusive value="1"/> 
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    <xs:maxInclusive value="12"/> 
   </xs:restriction> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType 
name="ProjectContractProfileActualCompletionQuarterNumeric.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000027, Dictionary Entry Name 
= Project Contract Profile. Actual Completion Quarter. Numeric, 
   Quarter of year in which a works project/contract is 
completed.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Numeric.CT"> 
    <xs:minInclusive value="1"/> 
    <xs:maxInclusive value="4"/> 
   </xs:restriction> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType 
name="ProjectContractProfileActualCompletionYearNumeric.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000028, Dictionary Entry Name 
= Project Contract Profile. Actual Completion Year. Numeric, 
   Year in which a works project/contract is 
completed.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Numeric.CT"> 
    <xs:totalDigits value="4"/> 
   </xs:restriction> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType name="ProjectContractProfileWebsiteURI.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000030, Dictionary Entry Name 
= Project Contract Profile. Website. URI, 
   Website of a works project/contract.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:URI.CT"/> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType name="ProjectContractProfileRemarkText.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000031, Dictionary Entry Name 
= Project Contract Profile. Remark. Text, 
   Remark related to a works project/contract.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Text.CT"/> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType name="ProjectContractProfileContactPersonName.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000032, Dictionary Entry Name 
= Project Contract Profile. Contact Person. Name, 
   Name of contact person of a works 
project/contract.</xs:documentation> 
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  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Name.CT"/> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType 
name="ProjectContractProfileContactPersonOrganizationName.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000033, Dictionary Entry Name 
= Project Contract Profile. Contact Person Organization. Name, 
   Organization with which a contact person of a works project/contract 
affiliates.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Name.CT"/> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType name="ProjectContractProfileContactPersonAddressText.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000034, Dictionary Entry Name 
= Project Contract Profile. Contact Person Address. Text, 
   Address of contact person of a works 
project/contract.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Text.CT"/> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType 
name="ProjectContractProfileContactPersonTelephoneNumberText.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000035, Dictionary Entry Name 
= Project Contract Profile. Contact Person Telephone Number. Text, 
   Telephone Number of contact person of a works 
project/contract.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Text.CT"/> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType name="ProjectContractProfileClientOrganizationName.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000036, Dictionary Entry Name 
= Project Contract Profile. Client Organization. Name, 
   Client organization of a works project/contract.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Name.CT"/> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType name="ProjectContractProfileClientOfficeName.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000037, Dictionary Entry Name 
= Project Contract Profile. Client Office. Name, 
   Office of client of a works project/contract.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Name.CT"/> 
  </xs:simpleContent> 
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 </xs:complexType> 
 <xs:complexType name="ProjectContractProfileClientDivisionName.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000038, Dictionary Entry Name 
= Project Contract Profile. Client Division. Name, 
   Division of client of a works project/contract.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Name.CT"/> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:complexType name="ProjectContractProfileResidentEngineerName.V1.0.CT"> 
  <xs:annotation> 
   <xs:documentation>UID = WDD-1.0-000039, Dictionary Entry Name 
= Project Contract Profile. Resident Engineer. Name, 
   Name of resident engineer of a works 
project/contract.</xs:documentation> 
  </xs:annotation> 
  <xs:simpleContent> 
   <xs:restriction base="cct:Name.CT"/> 
  </xs:simpleContent> 
 </xs:complexType> 
 <xs:annotation> 
  <xs:documentation>Document root elements</xs:documentation> 
 </xs:annotation> 
 <xs:element name="ProjectContractProfile" 
type="ProjectContractProfileDetails.V1.0.CT"/> 
</xs:schema> 
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APPENDIX 3: PROTOTYPE XML DATA FILE TEMPLATE   

WDD-1.0 Project Contract Profile (WDD-1.0-1.0.tplt) 

 
<?xml version="1.0" encoding="UTF-8"?> 

<ProjectContractProfile xmlns="http://www.etwb.gov.hk/wpis/v1.0" xmlns:cct="http://www.xml.gov.hk/schemas/cct" 
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xsi:schemaLocation="http://www.etwb.gov.hk/wpis/v1.0 

http://www.etwb.gov.hk/wpis/v1.0/schema/WDD-1.0-1.0.xsd"> 
 <ProjectContractNumber>[PLEASE EDIT]</ProjectContractNumber> 

 <ProjectContractTitle>[PLEASE EDIT]</ProjectContractTitle> 
 <Objective>[PLEASE EDIT]</Objective> 

 <WorksLocation>[PLEASE EDIT]</WorksLocation> 
 <Type>[PLEASE EDIT]</Type> 

 <BuildingType>[PLEASE EDIT]</BuildingType> 
 <Scope>[PLEASE EDIT]</Scope> 

 <Progress>[PLEASE EDIT]</Progress> 
 <Cost>[PLEASE EDIT]</Cost> 

 <Consultant>[PLEASE EDIT]</Consultant> 
 <Contractor>[PLEASE EDIT]</Contractor> 

 <AwardDate>[PLEASE EDIT]</AwardDate> 
 <CommencementDay>[PLEASE EDIT]</CommencementDay> 

 <CommencementMonth>[PLEASE EDIT]</CommencementMonth> 
 <CommencementQuarter>[PLEASE EDIT]</CommencementQuarter> 

 <CommencementYear>[PLEASE EDIT]</CommencementYear> 
 <AnticipatedCompletionDay>[PLEASE EDIT]</AnticipatedCompletionDay> 

 <AnticipatedCompletionMonth>[PLEASE EDIT]</AnticipatedCompletionMonth> 
 <AnticipatedCompletionQuarter>[PLEASE EDIT]</AnticipatedCompletionQuarter> 

 <AnticipatedCompletionYear>[PLEASE EDIT]</AnticipatedCompletionYear> 
 <ActualCompletionDay>[PLEASE EDIT]</ActualCompletionDay> 

 <ActualCompletionMonth>[PLEASE EDIT]</ActualCompletionMonth> 
 <ActualCompletionQuarter>[PLEASE EDIT]</ActualCompletionQuarter> 

 <ActualCompletionYear>[PLEASE EDIT]</ActualCompletionYear> 
 <Duration> 

  <ProjectContractSection>[PLEASE EDIT]</ProjectContractSection> 
  <Duration unitCode="[PLEASE EDIT]">[PLEASE EDIT]</Duration> 

 </Duration> 
 <Website>[PLEASE EDIT]</Website> 
 <Remark>[PLEASE EDIT]</Remark> 

 <ContactPersonName>[PLEASE EDIT]</ContactPersonName> 
 <ContactPersonOrganization>[PLEASE EDIT]</ContactPersonOrganization> 

 <ContactPersonAddress>[PLEASE EDIT]</ContactPersonAddress> 
 <ContactPersonTelephoneNumber>[PLEASE EDIT]</ContactPersonTelephoneNumber> 

 <ClientOrganization>[PLEASE EDIT]</ClientOrganization> 
 <ClientOffice>[PLEASE EDIT]</ClientOffice> 

 <ClientDivision>[PLEASE EDIT]</ClientDivision> 
 <ResidentEngineer>[PLEASE EDIT]</ResidentEngineer> 

 <SubContract> 
  <ProjectContractNumber>[PLEASE EDIT]</ProjectContractNumber> 

  <ProjectContractTitle>[PLEASE EDIT]</ProjectContractTitle> 
  <Objective>[PLEASE EDIT]</Objective> 

  <WorksLocation>[PLEASE EDIT]</WorksLocation> 
  <Type>[PLEASE EDIT]</Type> 

  <BuildingType>[PLEASE EDIT]</BuildingType> 
  <Scope>[PLEASE EDIT]</Scope> 

  <Progress>[PLEASE EDIT]</Progress> 
  <Cost>[PLEASE EDIT]</Cost> 

  <Consultant>[PLEASE EDIT]</Consultant> 
  <Contractor>[PLEASE EDIT]</Contractor> 

  <AwardDate>[PLEASE EDIT]</AwardDate> 
  <CommencementDay>[PLEASE EDIT]</CommencementDay> 

  <CommencementMonth>[PLEASE EDIT]</CommencementMonth> 
  <CommencementQuarter>[PLEASE EDIT]</CommencementQuarter> 

  <CommencementYear>[PLEASE EDIT]</CommencementYear> 
  <AnticipatedCompletionDay>[PLEASE EDIT]</AnticipatedCompletionDay> 

  <AnticipatedCompletionMonth>[PLEASE EDIT]</AnticipatedCompletionMonth> 
  <AnticipatedCompletionQuarter>[PLEASE EDIT]</AnticipatedCompletionQuarter> 

  <AnticipatedCompletionYear>[PLEASE EDIT]</AnticipatedCompletionYear> 
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  <ActualCompletionDay>[PLEASE EDIT]</ActualCompletionDay> 
  <ActualCompletionMonth>[PLEASE EDIT]</ActualCompletionMonth> 

  <ActualCompletionQuarter>[PLEASE EDIT]</ActualCompletionQuarter> 
  <ActualCompletionYear>[PLEASE EDIT]</ActualCompletionYear> 

  <Duration> 
   <ProjectContractSection>[PLEASE EDIT]</ProjectContractSection> 

   <Duration unitCode="[PLEASE EDIT]">[PLEASE EDIT]</Duration> 
  </Duration> 

  <Website>[PLEASE EDIT]</Website> 
  <Remark>[PLEASE EDIT]</Remark> 

  <ContactPersonName>[PLEASE EDIT]</ContactPersonName> 
  <ContactPersonOrganization>[PLEASE EDIT]</ContactPersonOrganization> 

  <ContactPersonAddress>[PLEASE EDIT]</ContactPersonAddress> 
  <ContactPersonTelephoneNumber>[PLEASE EDIT]</ContactPersonTelephoneNumber> 

  <ClientOrganization>[PLEASE EDIT]</ClientOrganization> 
  <ClientOffice>[PLEASE EDIT]</ClientOffice> 

  <ClientDivision>[PLEASE EDIT]</ClientDivision> 
  <ResidentEngineer>[PLEASE EDIT]</ResidentEngineer> 

 </SubContract> 
</ProjectContractProfile> 
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APPENDIX 4: A SECTION OF THE MASTER BILLS OF QUANTITIES  
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APPENDIX 5 - BOQ SCHEMA BASED ON THE MASTER BOQ 

<?xml version="1.0" encoding="UTF-8"?> 
<!-- edited with XMLSPY v5 rel. 3 U (http://www.xmlspy.com) by Ken (Ken) --> 
<xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema" 
elementFormDefault="qualified" attributeFormDefault="unqualified"> 
 <xs:element name="BoQ"> 
  <xs:annotation> 
   <xs:documentation>Bills of Quantities Schema</xs:documentation> 
  </xs:annotation> 
  <xs:complexType> 
   <xs:sequence> 
    <xs:element name="Main_Bills" maxOccurs="unbounded"> 
     <xs:complexType> 
      <xs:sequence> 
       <xs:element name="Sub_Bills" maxOccurs="unbounded"> 
        <xs:complexType> 
         <xs:sequence> 
          <xs:element name="Pages" maxOccurs="unbounded"> 
           <xs:complexType> 
            <xs:sequence> 
             <xs:element name="Underline_Headings" 
maxOccurs="unbounded"> 
              <xs:complexType> 
               <xs:sequence> 
                <xs:element name="Items" 
maxOccurs="unbounded"> 
                 <xs:complexType> 
                  <xs:sequence> 
                   <xs:element 
name="Item_ID"> 
                    <xs:simpleType> 
                     <xs:restriction 
base="xs:string"/> 
                    </xs:simpleType> 
                   </xs:element> 
                   <xs:element 
name="Description" type="xs:string"/> 
                   <xs:element 
name="Quantity" type="xs:integer"/> 
                   <xs:element 
name="Unit" type="xs:string"/> 
                   <xs:element 
name="Rate" type="xs:decimal"/> 
                   <xs:element 
name="Amount"/> 
                  </xs:sequence> 
                 </xs:complexType> 
                </xs:element> 
               </xs:sequence> 
               <xs:attribute name="Element" 
type="xs:string" use="required"/> 
               <xs:attribute name="Specification" 
type="xs:string" use="optional"/> 
              </xs:complexType> 
             </xs:element> 
            </xs:sequence> 
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            <xs:attribute name="Page_No." 
type="xs:string"/> 
           </xs:complexType> 
          </xs:element> 
         </xs:sequence> 
         <xs:attribute name="Bill_No." type="xs:decimal" 
use="required"/> 
         <xs:attribute name="Name" type="xs:string" 
use="required"/> 
        </xs:complexType> 
       </xs:element> 
      </xs:sequence> 
      <xs:attribute name="Bill_No." type="xs:integer" use="required"/> 
      <xs:attribute name="Name" type="xs:string" use="required"/> 
     </xs:complexType> 
    </xs:element> 
   </xs:sequence> 
   <xs:attribute name="Project_name" type="xs:string" use="required"/> 
   <xs:attribute name="Number" type="xs:string" use="required"/> 
  </xs:complexType> 
 </xs:element> 
</xs:schema> 
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APPENDIX 6 - XML BOQ DOCUMENT BASED ON THE BOQ SCHEMA 

<?xml version="1.0" encoding="UTF-8"?> 
<BoQ xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 
xsi:noNamespaceSchemaLocation="C:\xml\HKBoQ\BoQ.xsd" Project_name="Sample Building - 
Sub-Contract for Fire Services Installation" Number="BoQ-FS 2003.3"> 
 <Main_Bills Bill_No.="5" Name="The Sample Building"> 
  <Sub_Bills Bill_No.="5.1" Name="Incoming Services"> 
   <Pages Page_No.="5/1/1"> 
    <Underline_Headings Element="Galvanised mild steel pipes" 
Specification="complying with B.S.  1387 (Medium Grade) and galvanised malleable iron fittings 
to B.S. 1256 and B.S. 143, in flanged joints, and  complete with uplasticized PVC lining, as 
described"> 
     <Items> 
      <Item_ID>A</Item_ID> 
      <Description>80 mm Pipe.</Description> 
      <Quantity>10</Quantity> 
      <Unit>Run</Unit> 
      <Rate>750</Rate> 
      <Amount>7500</Amount> 
     </Items> 
     <Items> 
      <Item_ID>B</Item_ID> 
      <Description>100 mm Pipe.</Description> 
      <Quantity>150</Quantity> 
      <Unit>Run</Unit> 
      <Rate>800</Rate> 
      <Amount>120000</Amount> 
     </Items> 
    </Underline_Headings> 
    <Underline_Headings Element="Extra for the following fittings"> 
     <Items> 
      <Item_ID>C</Item_ID> 
      <Description>80 mm Bend.</Description> 
      <Quantity>5</Quantity> 
      <Unit>Run</Unit> 
      <Rate>500</Rate> 
      <Amount>2500</Amount> 
     </Items> 
     <Items> 
      <Item_ID>D</Item_ID> 
      <Description>100 mm Bend</Description> 
      <Quantity>15</Quantity> 
      <Unit>No.</Unit> 
      <Rate>1000</Rate> 
      <Amount>15000</Amount> 
     </Items> 
    </Underline_Headings> 
    <Underline_Headings Element="Ancillaries, as described"> 
     <Items> 
      <Item_ID>E</Item_ID> 
      <Description>80 mm Cast iron gate valve complying with B.S. 5150, flanged 
ends1</Description> 
      <Quantity>4</Quantity> 
      <Unit>No.</Unit> 
      <Rate>1800</Rate> 
      <Amount>7200</Amount> 
     </Items> 
     <Items> 
      <Item_ID>F</Item_ID> 
      <Description>100 mm Ditto</Description> 
      <Quantity>6</Quantity> 
      <Unit>No.</Unit> 
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      <Rate>2000</Rate> 
      <Amount>12000</Amount> 
     </Items> 
     <Items> 
      <Item_ID>G</Item_ID> 
      <Description>100 mm Cast iron silent type check valve complying with B.S. 
5153, flanged ends.</Description> 
      <Quantity>4</Quantity> 
      <Unit>No.</Unit> 
      <Rate>1900</Rate> 
      <Amount>7600</Amount> 
     </Items> 
     <Items> 
      <Item_ID>H</Item_ID> 
      <Description>Provide unions for installation only of check meter to 80mm 
pipe.</Description> 
      <Quantity>6</Quantity> 
      <Unit>No.</Unit> 
      <Rate>500</Rate> 
      <Amount>3000</Amount> 
     </Items> 
     <Items> 
      <Item_ID>I</Item_ID> 
      <Description>Ditto to 100 mm</Description> 
      <Quantity>6</Quantity> 
      <Unit>No.</Unit> 
      <Rate>600</Rate> 
      <Amount>3600</Amount> 
     </Items> 
    </Underline_Headings> 
   </Pages> 
  </Sub_Bills> 
 </Main_Bills> 
</BoQ> 
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