

























































































Figure 7.6

Figure 7.7

3D DXF model, as imported into ArchiCAD

Object-based model of V-Block in ArchiCAD (as at February, 2009)
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The aim of this project was to demonstrate the interoperability between 12D and ArchiCAD.
Figure 7.8 shows the building slab for V-Block as imported into 12D and figure 7.9 shows the
object attributes available to 12D.

Figure 7.8 Slab of V-Block, as viewed in 12D
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Figure 7.9 Objects and attributes available to 12D from the IFC model.
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Unfortunately, due to technical issues and time constraints, further interoperability could not
be demonstrated. The reasons for the technical issues were as follows;

e The implementation of the IFC format in ArchiCAD required all objects to be
encapsulated within the building object.

e Coordinate system rotations were required between 12D and the IFC format.

e There were discrepancies between the implementation of poly-lines and points as
geometry between 12D and the IFC format as implemented in ArchiCAD.

None of the above issues are ‘show stoppers’, but the lack of time and resources prevented
them from all being addressed.

7.4 Potential Applications

This section discusses the potential applications of using laser scan-based data to build,
enhance, and share intelligent models between different disciplines.

7.4.1 Civil / road works

In another trial, previous to the scan at the QUT campus, a Riegl scanner was used to scan
the Grey Street precinct at South Bank, Brisbane (Figure 7.10).. This was a trial designed to
establish the application of this scanner in urban environments. It was concluded that;

* Long-range laser scanners, such as the Riegl 420i, can be used to quickly model a
complex urban environment (a 400m road corridor took 2 hours to scan & process).

e The 3D point-cloud data can also be used to quickly prepare a 2D plan, highlighting
all the structures in the region scanned (especially those that are not usually shown in
standard plans, such as light poles, curbs, footpaths, man-holes, trees, etc). See
Figure 7.11.

e The accuracy of the long-range scanner may not be sufficient for preparing new road
designs. The scan data needs to be verified by standard survey methods.

Figure 7.10 Laser scan of a section of Grey Street, South Bank, showing the Thiess Centre. The
point-cloud data points have been coloured by images taken with a digital camera.
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Figure 7.11 Plan view of the laser scan data of Grey Street, South Bank.

Models developed from these scans of urban environments can be used in applications such
as;

* Urban renovations

» Traffic planning

» Development of new sites within the precinct
* Architectural planning

e Security studies and planning

« Safety / evacuation modelling studies

7.4.2 Mining

Laser scanning is now being used by Thiess almost on a daily basis across most mining
operations to create topographical maps (surface models) of mining pits. Periodic snapshots
of the surface of mining operations allow engineers and surveyors to calculate volumes of
material mined, monitor progress of works, produce claims, measure mining productivities,
and assess features such as the condition of ramps.

Figure 7.12 A surface model of an entire mining pit at Collinsville mine, height coloured
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A mining operation typically needs to be scanned from a number of different locations around
the pits to cover the full site. Scans are tied together in software using survey markers or
‘targets’ positioned around the site. The targets are also used as references to translate the
scanners data to the site’s coordinate system.

Data measured by the scanner can be exported to a range of file formats, such as those
used by Vulcan and other site planning packages. Similarly, surface models could be
developed from laser scan data in 12D, integrated with road designs, and then be made
available via the IFC export to landscape and structural architects.

The benefits of using laser scanners in mining and civil operations include;

« SPEED. A full site survey, including all active mining areas and stockpiles can be
completed in 1 to 3 days (depending on the size of the operation and available
reference targets).

e SAFETY. Surveyors do not need to enter active mining areas to conduct their work
with a laser scanner. The near-infrared class-1 laser light emitted by the scanner is

totally eye safe.

e ACCURACY. Results of laser scanning on a number of operations have been
verified against known survey data and mine models.

Figure 7.13 Stockpiles at the Mt. Owen mine, scanned and modelled for volume calculations

Figure 7.14 A surface model produced by laser scanning a mining pit at South Walker Creek Mine.
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7.4.3 Plant / Equipment

Using a laser scanner and modelling software, the dimensions and capacities of plant and
equipment can be accurately measured. Examples include;

* Capacity of excavator & dragline buckets
* Pinion and hoist positions
* Volume of truck payloads

Engineers and maintenance personnel use this information to check, compare, and identify
potential problems that can affect productivity.

For example, South Walker Creek Mine used models created through laser scanning to
compare two apparently identical dragline buckets. The scan showed that one bucket was
5% narrower in certain regions of the bucket, thus affecting dragline productivity.

In another example an excavator bucket was scanned at the Mt Owen Mine Complex. The
bucket was rated at 26m3 and measured as 25.9m3, thus validating a part of the productivity
calculations used by engineers.

Figure 7.15 Laser scan of an excavator at Mt Keith mine. Colour has been applied to the point-cloud
data points.

An IFC interface in this application seems less important than other applications at this stage.
However, like many applications in the building discipline, the business model for IFC
promotes the development of other niche software tools that use the information found in the
IFC format to use, analyse, and add further value to the model. Thus, in the future, it's
conceivable that an IFC model of, say, an excavator bucket might be used by other software
for other aspects such as in design or procurement.

7.5 Conclusions

As shown in the trial application at QUT campus, laser scanning is a powerful tool for the
collection of accurate and detailed data about the geometry of structures. Creating intelligent
models from this data is possible. What still remains to be seen is a robust method and
toolset for migrating the rich information stored in the models between building and civil
applications. The potential number of applications for such a tool is diverse, but developing
such interoperability will require more time and resources.
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8. CONCLUSION

The aims of this project were unique in an international context. While the aims of other
existing and completed international projects have overlapped with the aims of this project,
such as IFC for Roads (currently being lead from Norway) and the STEP projects looking at
civil works in Japan, this is the only project that has looked at the exchange between
landscaping, civil and architecture. The results from this project will be contributed towards
the goals of the IFC for Roads project.

The technical aims of this project, as finally approved, were to:

1. Develop a prototype IFC model to support information interchange between civil
engineers, landscape architects and architects;

2. To implement prototype IFC import/export to the 12D civil engineering design
software;

3. Perform a 3D Laser scan of a portion of the QUT Gardens Point campus to indicate
the capabilities of such software and the interface with 3D CAD software.

The project has demonstrated the technical feasibility of information exchange between the
three disciplines through implementing the key aspects of aims (1) and (2) in software. IFC
models were successfully exchanged between civil engineering software, 12D, and
architectural software, Revit. This was achievable within the time and resources of the
project since both 12D and Revit attach the site information at the lowest level of the IFC
project hierarchy. ArchiTerra, the landscaping design software used in this project is
constrained in its implementation by the ArchiCAD platform in which it is implemented as a
plug-in. ArchiCAD does not implement the “site” as an internal concept, so all site data has to
be attached within a “building”. While the ArchiCAD approach is permitted under the IFC
model this was an extra level of implementation that was not completed within the constraints
of this project. However, it would be resolved by some relatively simple extensions to the
computer programming code within 12D.

One issue that emerged from the domain needs under aim (1) was the need for the
exchange of “design goals”. Since a landscape architect works within the physical site
context defined by the civil engineer, the landscape architect needs to know which sections
of the site have been contoured to provide flows for water moving into the drainage system.
This is to avoid inadvertent frustration of water flow patterns.

While the project was successful, a barrier to achieving better results was the problems
experienced in obtaining the information, data, files and in-kind when it was required to
progress the project. This is understandable in a project with a diverse range of participants
with varying expectations but did impact on the comprehensiveness of the results.

Each of the participants in the project had different goals and expectations. All of the industry
partners were users of 12D, so the project needed to demonstrate a gain over the
functionality that already existed in 12D in order to provide identifiable benefits to the industry
partners.

As a contractor, Thiess gained a deeper understanding of the IFC model and of the
landscape design process and how landscape information would feed into their estimating
and project management activities. Thiess lead the 3D laser scanning activity. This provided
information on the use of laser scanning to provide rapid information on existing conditions
and the development of the point cloud results into useful BIM models of facilities.

Being design organisations, Project Services (as part of the Queensland Department of
Public Works) and the Queensland Department of Main Roads have a better understanding
of the implications of IFC implementation for infrastructure and landscaping modelling. It has
also given clarity in their internal processes for digital modelling.

Project Services had higher expectations of the project than what was achieved but
acknowledged that this may have been due to a level of naivety of what was required. The
project has lead to a 180 degree change of thinking for the drafters in the landscaping
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section that highlighted the importance of this work. It was also a catalyst to define work
processes for ArchiCAD in the landscaping space. There was also a lot if interest in the 3D
scanning. This would provide significant time savings if the data could be brought directly into
an architectural package. Participation in the project also brought out the significant loss in
capability in the use of the 12D software brought about by staff movements.

The Department of Main Roads was expecting the data exchange work to raise the level of
interest in the Department. The project has achieved initial awareness which will allow Main
Roads to build to the next stage.

As a software developer and vendor, this project provided the first exposure of 12D to the
IFC model. The implementation provided significant challenges since 12D is a surface
modelling package and has no explicit internal representation of objects. The structured use
of internal representations allowed the simulation of “object-orientedness” within the 12D
software. There is interest within 12D in continuing development of an IFC interface.
Participation in this project will provide technical input to possible future changes to the
internal representations used in the 12D software.

As an educational provider and research institution, QUT gained insights into the use of
object-based CAD in the landscape design process and the use of 3D laser scanning. This
will be taken up in several of the courses taught within the Faculty of the Built Environment
and Engineering.

It was not the intention within the scope of this project to commercialise the outputs, but to
contribute to the international body of knowledge. However, the project did demonstrate a
significant user need and a potential commercial opportunity for software houses. The
industry partners all agreed that there is a global need to create a standard for digital
modelling of terrain and roads. This is an area which is not currently well supported within the
IFC model. It is hoped that the results of this, and other related projects such as IFC for
Roads, will lead to improved support for construction work outside of the envelope of
buildings.

Information on the prototype IFC model and the Final Report will be provided to the
buildingSMART International technical Committee Meeting. The prototype IFC model
extensions and report will be provided to buildingSMART International to ensure the IFC
standard benefits from this work.
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10. GLOSSARY

The following explanations are provided as a guide to acronyms, names and terms which
may not be familiar to or readily understood by some readers.

AEC Architectural, Engineering and Construction

aecXML Architecture Engineering and Construction Extensible Mark-up Language

AF Area Features

BASt German Federal Institute for Roads

BDA Bridge Design and Analysis

BIM Building Information Modelling

BP Bid Package

BREP boundary representations

buildingSMART International Alliance for Interoperability (aka IAl)

CAD Computer Aided Drafting

CDE collaborative development environments

CIFE Centre for Integrated Facility Engineering (Stanford University)

CP Construction Progress

CR Crash Report

DP Design Project

DXF Drawing Exchange Format

EXPRESS A lexical standard for the modelling of object classes, their properties and
the relationships between the objects

FM Facilities Management

GIS Geographic Information Systems

GML Generalised Mark-up Language

GRD Geometric Roadway Design

GUID globally unified identifiers

HISA Highway Information Safety Analysis

HTML Hyper Text Mark-up Language

HVAC Heating, Ventilation and Air Conditioning

IBM International Business Machines Corporation

IFC Industry Foundation Classes

IGES Initial Graphics Exchange Specification

ISO International Standards Organization

JHDM Japanese Highway Product Model

LandXML XML for land development and civil engineering applications

LR Linear referencing

MST Materials Sampling and Testing

NIAM Natural language Information Analysis Methodology

OKSTRA Object Catalogue for the Road Transport Sector
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OKSTRA CTE
PAS
PCP
PCS
PMC

Project Services

ROI
RSMK
SETRA

SGML

SQL

STEP
TransXML
VDC

wW3cC

WWW
XHTML

XML
YLPC-Bridge
YLSG-Bridge

Common Table Expressions
Publicly Available Specification
structural analysis program (French)
Project Construction Status

Road Product Model

lead agency responsible for the planning and execution of most
Queensland Government’s building activities

Return On Investment
Road Shape Model Kernel

Technical Department for Transport, Roads, Bridge Engineering and Road
Safety (French)

Standardised Generalised Mark-up Language
Structure Query Language

Standard for the Exchange of Product
XML for road transport applications
Virtual Design and Construction

World Wide Web Consortium

World Wide Web

Extensible Hyper Text Mark-up Language
Extensible Mark-up Language

Yabuki Laboratory Prestressed Concrete
Yabuki Laboratory Steel Girder
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