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Figure 4: Hierarchical Classification Results

Conclusions

A large percentage of the communications exchanged and documents stored in
inter-organizational construction management information systems is based on
textual information. Automatic classification of these documents according to a
common project schema can improve information organization and access among
project organizations that use these systems. Furthermore, such classification
methods can be applied to other construction management tasks, including:
automated access to project specifications, identification of project problem areas,
and generation of knowledge for future activities and projects

In this paper, a framework for automated document classification was described
and the prototype of a construction document classification system was presented.
The system automates the steps involved in the proposed document classification
process. Issues of class scalability and support for hierarchical classification were
considered during its implementation. The system supports the generation of
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classification models for construction projects. After creating these models,
construction documents can be easily and quickly classified according to the user-
defined project components.

Two case studies were conducted to verify the feasibility of the proposed
approach. The first case study tested the performance of text classification
algorithms using a building project database as testbed. The results for different
classification methods were presented. Support Vector Machine was the algorithm
that gave the best results. Its accuracy performance was comparable to human-
based document classification. The second case study analyzed the classification
accuracy for hierarchical classification structures. A construction products’
database, originally classified according to a hierarchical structure, was used in
this analysis. The preliminary results presented were very promising,
demonstrating the potential and applicability of automated document
classification methods for construction management.
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ABSTRACT:

This paper presents the findings from the use of Industry Foundation Classes for the
design and construction of the Helsinki University of Technology Auditorium Hall
(HUT-600) in Finland. For HUT-600, IFC implementation supported the sharing of
geometric data, thermal values, and material properties among the architects,
mechanical engineers, and general contractors. The implementation benefited the
project with minimized data re-entry, increased accuracy of information exchange,
and reduced design time during the early project phase. However, the immaturity of
IFC-compliant software and middleware undermined the reliability and a more
rigorous testing of the IFC’s. Analyzing the HUT-600 case study, we suggest that
researchers and software developers focus on partial data exchange, model server
approach, and software robustness to extend the benefits and improve the reliability
of the IFC’s.
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Background

Interoperability is the ability of a system to use the parts or equipment of another
system (Merriam-Webster, 2002). In each building design and construction project,
there are numerous information or data parts across many different software
applications and professional specialists. However, the challenge to exchange such
data parts (e.g., 3D geometries, thermal values, construction schedule, building
assembly, etc.) in conventional practice undermines the efficiency of project
collaboration while risking the accuracy of data exchanges.

Since 1995, the International Alliance of Interoperability (IAI) has defined and
promoted the use of the Industry Foundation Classes (IFC) standard. It defines
interoperability in the building industry as “an environment in which computer
programs can share and exchange data automatically (without translation or human
intervention), regardless of the type of software or of where the data may be
residing” (IAI 1995). The alliance aims at utilizing the IFC’s, an interoperable
standard, to define a single object-oriented data model to allow different disciplines
to accurately share technical information with IFC-compliant tools. The TAI strives
to provide a universal standard for sharing cross-disciplinary data among the fields
of building design, construction, and operation. This allows project participants to
work across different application packages and to build upon existing data, while
eliminating the inefficiencies and inconsistencies associated with conventional
practices of data re-entry.

Prior to HUT-600’s adoption of IFC’s in 2000-01, there were limited test cases of
this evolving promise of interoperability: In 1999, the Building Lifecycle
Interoperable Software (BLIS) 1:)roject6 tested a series of IFC “use cases” and model
“views” on small set of retrospective test cases. In the SPADEX project (SPADEX
2001), the participants tested interdisciplinary data sharing within a small scale
simulation environment.

The HUT-600 Construction Pilot

As the property owner of the Helsinki University of Technology, Senate Properties’
in Finland assembled a team of designers, consultants, contractors, and researchers
for its new Auditorium-600 (HUT-600) construction pilot project. The National
Technology Agency (TEKES) in Finland had been promoting applied and industrial
research and development. In HUT-600, TEKES sponsored the testing of state-of-
the-art technologies and data standards. In particular, our international research
partnership documented and analyzed the use of product models and the IFC
interoperability standard.

¢ URL: http://www.blis-project.org/
7 http://www.senaatti.com/index.asp?siteID=2

Copyright ASCE 2004 This is a preview. Click here to purchase the full publication. brmation Technology 2002



https://www.civilenghub.com/ASCE/137334463/Computing-in-Civil-Engineering-2002?src=spdf

COMPUTING IN CIVIL ENGINEERING 213

The virtual representation of building design and construction through an object-
oriented 3D model is a crucial foundation for interoperability. The HUT-600
project adhered to the product modeling approach, in which the professional team
constructed and maintained 3D models with explicit knowledge of building
components, spatial definitions, material composition, and other parametric
properties. Only under this product modeling approach could the team leverage the
object intelligence within the 3D model for data interoperability. Since the
architects, engineers, contractors, and the researchers in HUT-600 were committed
to utilizing product models for simulations and analyses, we tested the extent to
which the exchange of IFC-based project data could take place within an array of
disciplines, applications, and simulations (Figure 1).

 Visualization
Virtual veality Lighting simulation

Comfort Simulation ]

Architectural
Design

4D Simulation

- ! Direct IFC
h |
Construction
Estimating

fe Cycle Cost

Environmental
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Figure 1. Scope of testing IFC-based project data exchange in HUT-600 project.

IFC Implementation in HUT-600

In the HUT-600 project, IFC-based data exchange took place during the early
project phases and mostly among the architects, mechanical engineers, construction
managers, and the 4D research collaborators. Using IFC release 1.5.1, the project
team experimented with the sharing of architectural models, thermal simulation
data, mechanical component geometries, building composition, and material data
(Figure 2).
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Figure 2. Flow of IFC files across software applications
and disciplines on HUT-600 project.

The following subsections explain the processes of IFC exchange within the six IFC
applications in HUT-600:

1. Architectural Design

The architects of HUT-600 adopted a product modeling approach to building
design and documentation. They created a 3D model and assigned objects with
accurate properties during the conceptual planning phase, and followed this
product modeling approach through the construction documentation phase.
With IFC-compliant design software (ArchiCAD from Graphisoft®), the
architectural designers generated IFC files that contained three-dimensional
building geometry, spatial zoning information, and material composition of the
geometric model.

The IFC files the architects exported were read by the mechanical engineer’s
software to conduct thermal simulations, the general contractor’s software to
generate cost estimates and schedule, the building systems consultant’s software
to agssess environmental impacts, and the research collaborator’s 4D modeling
tool”.

Iteratively, the architects could import again the IFC files to which the
mechanical engineers had incorporated their design additions and changes.

§ URL: http://www.graphisoft.com
® URL: http://www.commonpointinc.com
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2. Thermal Simulation
During the schematic design phase, the building system consultants conducted
thermal simulation to estimate the heat gain and heat loss of the building in
response to the climate, architectural configurations, and the anticipated
operation by the occupants.

In the construction pilot, the IFC-based product model enabled the thermal
simulation tool RIUSKA'®, developed by Olof Granlund Oy, to import the 3D
building geometry and its spatial data for thermal simulation. In turn, RIUSKA
exported thermal data, such as cooling and heating design temperatures, via [FC,
for mechanical design. RIUSKA reads and writes IFC files through a bridging
middleware tool—BSPro''.

3. Mechanical Design

With the target design values set from the thermal simulations and the spatial
configurations from the architectural designs, the mechanical engineers were
then ready to design and optimize the cooling and heating systems. HUT-600
engineers employed Progman Oy’s MagiCAD'? to conduct 3D modeling and
optimization of the Heating, Ventilating, and Air-Conditioning (HVAC) system.
This object-oriented mechanical design software was capable of importing the
IFC file from the thermal simulation tool. It directly imported the cooling and
heating design temperatures, supply and exhaust air flow rates, and the total heat
gain.

After the engineers optimized the location and sizing of the HVAC system, they
exported another IFC file that contained the geometric representation of HVAC
components. The architects and the research collaborators were able to import
this IFC file and incorporate the ductwork, air-handling systems, and other
mechanical devices into the 3D architectural model as well as the 4D model.

4. Environmental Impact Assessment

HUT-600’s building system consultants conducted an environmental impact
assessment to assess the environmental influences of the building materials and
energy for this facility. With Olof Granlund Oy’s BSLCA software, the
consultants quantified the amount of pollution emission, global warming,
acidification, etc. in support for material and system selection. Since BSLCA is
IFC-compliant through BSPro, the consultants could directly import quantitative
values (such as height, length, area, etc.) and descriptive information (such as
materials, composition, etc.) from the architect’s IFC exports.

' URL: http://www.eren.doe.gov/buildings/tools_directory/software/riuska. htm
" URL: http://www.bspro.net
"> URL: http://www.progman. fi/english/e_index.htm
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