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Abstract: This paper discusses the evolution of Building Information Modeling (BIM). BIM is a suite of
technologies for representing buildings in semantic and geometric descriptions. It enables, through a variety
of tools, various analyses of the underlying architectural, structural, mechanical, electrical and plumbing
systems. An extensive literature review is carried out on current practices of utilizing BIM to design,
construct and manage building operations through its expected lifecycle. The literature review starts by
highlighting current practices and the benefits in using BIM technology. Subsequently, the paper addresses
existing challenges in using BIM in assessing and understanding the operation and maintenance of
buildings. Efforts made thus far to address these challenges are discussed. Our work shows that there is a
substantial need for more holistic approaches to managing the lifecycle of buildings that considers not only
interdependencies among core systems but also interdependencies with other interrelated civil
infrastructure networks. These integrated holistic approaches will equip stakeholders of any building with
mechanisms to secure a delicate balance between; 1) retained operational risks of building systems, 2)
anticipated demands of their customers and 3) desired and competing objectives for both internal and
external stakeholders. The paper concludes that current BIM practices pay negligible consideration to the
interdependencies among building systems and components which can be a key in hindering effective
implementation of sustainable operation and maintenance plans.

1 Introduction

Building Information Modeling (BIM) evolved over the last decade and became an essential component in
tackling the inherent complexities in today’s building projects. In building projects, there are many
interactions between personnel from a wide-range of specializations in order to achieve a set of goals
determined by a project sponsor. BIM is gaining momentum as a reliable technology for facilitating
understanding, communication, collaboration and visualization of building projects (Kymell, 2013). BIM is
used in a wide range of applications from automated site data collection to managing the lifecycle of existing
buildings. However, BIM is utilized most extensively for addressing stakeholders’ needs for design and
construction processes. By examining the current state-of-the-art BIM technology, it is clear that there is
less deployment of BIM technology for managing the complex aspects of existing building facilities. This
paper starts by offering a discussion for current practices and uses of BIM in the building industry. The
discussion also offers a close look at reported benefits and challenges for deploying BIM as a tool for
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buildings projects in general. The paper concludes with a proposal for an holistic approach to using BIM as
a technology for managing the operation and maintenance of building projects.

2  Literature Review

The US National Building Information Model Standard Committee defines BIM as a digital representation
of physical and functional characteristics of a facility (NIBS, 2015). Effectively, BIM is a shared knowledge
resource about a facility, forming a reliable basis for decisions during its life cycle (i.e. earliest conception
to demolition). Figure 1 shows the rise of BIM publications in two main phases for buildings in general,
project management and facility management, from 2008 to 2017. These data were compiled from three
online databases; Compendex, Inspec and GEOBASE. It is apparent that BIM is more prevalent when it
comes to project management applications. On the other hand, BIM applications for facility management is
increasing but not at the same rate as project management.
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Figure 1 comparison between BIM publications in facility management and project management
Figures 2 and 3 show the top 10 domains where BIM is applied in project management and facility

management fields. Buildings and high rise towers is the most dominant field for using BIM with 1006
publications for project management and 312 publications for facility management.
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Computer Applications N 188
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Building structures SN 233
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Information Theory and Signal Processing N 349
Civil and mechanical engineering computing I 417

Construction Equipment and Methods IS 515
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Figure 2 BIM applications in project management phase

These figures show also that BIM is utilized frequently in addressing topics related to public buildings during
the facility management stage however BIM is more commonly used in dealing with management issues
during the project management stage.
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Figure 3 BIM applications in facility management phase

Based on Figures 1, 2 and 3, the literature review of BIM is divided into three sections according to its
current dominant applications in the building industry; building design, building construction and building
operation and maintenance management.

2.1 Building Design

BIM applications in the design stage emphasis on formulating design alternatives that realize the project
scope. BIM provides an n-dimensional (n-D) environment for performing integrated design of architectural,
structural and electrical, plumbing and mechanical systems. The n-D means a three dimensional model
plus another dimension of particular interest to the stakeholder such as time, cost or quality. It is considered
an improvement over traditional CAD platforms to enable more sophisticated analysis and design practices
(Lee, 2006). Jalaei and Jrade developed an integrated building information modeling (BIM) and leadership
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in energy and environmental design (LEED) to evaluate design alternatives at the conceptual design stage
of sustainable buildings. Lee et al. (2012) developed a Structural Building Information Modeling (S-BIM) to
increase the efficiency of structural systems’ selection and to obtain solutions that optimize constructability,
structural safety, and economic feasibility of the building. Jiang and Leicht (2015) present an automated
BIM rule-based approach to check the constructability of concrete formwork using building information
modeling. Kim and Anderson (2011) extracted related energy information from a BIM model and simulate
the energy behavior of any building in an energy simulation program (DOE-2) to forecast its energy
consumption for a desired timeperiod. Hartmann et al. 2008 examined 26 case studies to understand how
BIM models were used as visual representation tools for project planning and scheduling (Hartmann et al.,
2008). Lee et al. (2014) enhanced BIM representation for data with an ontology-based approach to
automate the cost estimation of building projects. Other BIM applications during the design stage include
constructability analysis (Ganah et al. 2005), resource management (Akinci et al. 2003), coordination of
mechanical, electrical, plumbing, and fire Protection (MEP/FP) systems on complex projects and
(Khanzode et al., 2005, Staub-French and Fischer 2001). Some of the major benefits reported in the above
mentioned research studies show BIM as:

1- BIM is providing a more holistic approach for evaluating design options considering multiple
competing objectives. It allows owners and engineering consultants, for example, to pursue more
sustainable and cost effective building designs (Kam-din and Qing, 2013).

2- BIM has improved the coordination and communication between owners, engineering consultants
and contractors during the design stage. This has lead to time and cost savings during the design
and construction stage because design efforts across multiple disciplines can be coordinated to
achieve project goals and avoid potential conflicts (Onishi, Y, 2013).

3- Scope recognition is enriched during the design stage if contractors utilized the n-dimensional BIM
models at the early stages of the project lifecycle (McCuen, T.L., 2015). BIM models are beneficial
in understanding and preparing more accurate project plans, scheduling and cost estimation
documents.

2.2 Building Construction

BIM applications in the construction stage focus primarily on time and cost reduction. For instance, BIM
can be integrated with data collection technologies (e.g. sensors, tags, microcontrollers...etc.) to facilitate,
for example, the tracking and controlling of material and human resources during construction. Moreover,
BIM can be used with scanning technologies, automated object identification, to generate data on the actual
progress of construction project activities (Ibrahim, 2015). Montaser (2013) presents a framework for
tracking construction projects using a multitier system of BIM tools and data collection sensors. Soltani
(2013) combines BIM with a localization algorithm to track resource locations during construction
operations. Setayeshgar (2014) deploys BIM with dynamic virtual fences to identify potential accidents on
construction sites for safety planning that reduces the risk of accidents. Jrade and Lessard (2015) adapt an
integrated framework for tracking the time and cost of construction projects. Chau et al. (2004) proposed a
four-dimensional (3D plus time) visualization of construction scheduling and site utilization to help
construction managers plan day-to-day activities more efficiently. Kénig et al. (2012) incorporate discrete
event simulation with BIM to provide a more dynamic environment for scheduling construction projects to
overcome the complex interrelationships among project’s activities. In the above reported research work,
the following are considered as major benefits for using BIM:

1- BIM has increased a project teams ability to track the progress of construction projects in real-time
or near real-time. This helped project teams in achieving their operational goals during the
construction phase by being equipped with more detailed daily progress reports from multiple
sources simultaneously (Montaser and Moselhi, 2012).
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2- Safety practices in construction sites has improved by utilizing BIM as a tool. Project staff have
access to more advanced computational tools which are integrated with BIM to decrease the rate
of fatal incidents due to construction equipment (Setayeshgar et al., 2013).

3- BIM has facilitated the process of identifying the best set of corrective actions needed to restore
project performance when changes are required. BIM provides project managers with a set of
simulation tools to experiment with the adjusted action plans in an n-dimensional BIM environment
(Chau et al., 2004).

4- BIM has increased the efficiency of project documentation especially for complex and large
projects. BIM allows stakeholders from multiple disciplines to update the documentation of projects
using a traceable and authentic methodology (Park and Cai, 2017).

2.3 Building Operation and Maintenance Management

Engineers and operators started recently to deploy BIM for operation and maintenance applications. In
facility management, researchers incorporated BIM to aid operators and engineers in tackling the following
problems 1) locating assets, 2) data inoperability between BIM and external data sources used for operation
and maintenance and 3) maintaining building systems operations during hazardous events. BIM is also
used as a localization tool for as built three-dimensional (3D) BIM models and to display related operational
data when needed (Krukowski and Arsenijevic, 2010). Amirebrahimi et al. (2016) provide a framework for
data integration between BIM and GIS for flood damage assessment of buildings. Oti et al. (2016) offer a
methodology for managing the operation and maintenance of buildings to meet energy standards and
satisfy occupants’ expectations. Wetzel and Thabet (2016) propose a BIM tool to address safety issues
during hazardous events for buildings. In addition, operators and engineers maintain daily data about
building systems and their basic components in external excel or database files. Hence, there is a need to
manage the interoperability process between BIM data and external data sources to make better informed
decision (Yu et al. 2000; and Shen et al. 2010). Asen (2012) integrates BIM with external operation and
maintenance data sources to aggregate logical and spatial relationships between building components to
find the cause-effect relationships. Despite many attempts to deploy BIM for operation and maintenance
applications, they are still incapable of providing holistic solutions for complex buildings (Lépez et al. 2016,
Kassem et al., 2015; Volk et al., 2013). The major benefits of using BIM tools for operation and maintenance
of buildings:

1- BIM is beneficial in eliminating delays, confusion, and inaccuracy generated by traditional O&M
documents namely as built drawings, O&M manuals, maintenance schedules, room
datasheets...etc. in either paper format or static digital formats such as excel or pdf files (Schevers
et al., 2007).

2- Occupant satisfaction is improved as operators and engineers can combine sensors with BIM to
tackle, in real time, operational problems as they arise (Inyim et al., 2014).

3- More reliable lifecycle management decisions can be implemented because BIM expedites the
process for storing and analyzing condition and performance data for building elements in one
platform (Charalambos et al., 2014).

4- BIM facilitates the process of forensic analysis by visualizing any potential failures when buildings
are under malicious or natural hazardous events (Wan-Li et al., 2016). Stakeholders can
experiment with various mitigation plans to minimize the vulnerability of existing buildings due to
such hazards.

3  Recent Benefits and Trends in BIM

Research advancements in the use of BIM for design, construction and operation and maintenance
provides a broad overview of how BIM can be used throughout the lifecycle of buildings. More recent
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research efforts, however, provide a quantitative summary from the building industry on the frequent uses
of BIM in industry. Bryde et al. (2013) surveyed and examined 35 case studies reported in the literature in
the period between 2008-2010. Their research shows BIM is used most frequently to address design and
construction needs for new projects with a particular emphasis on cost and time control, communication
management, quality assurance and scope definition. Barlish and Sullivan (2012) provide another analysis
of the use of BIM that show most researchers are concerned with BIM capabilities in cost and time reduction
and in improving the overall project management process for complex building projects. The responses
Eadie et al. (2013) elicited from almost one hundred experts in the domain of BIM technology report that
nearly half use BIM for architecture, structural and mechanical design of buildings and only 5% use BIM in
facilities management. There is a tendency to incorporate BIM with external simulation models to generate
exhaustive lists of design options during early stages of the buildings which can aid owners and consultants
in exploring rich solution options more quickly. Also, BIM can be coupled with object recognition options to
facilitate the documentation process for existing buildings which can help in transferring existing buildings
data from a hardcopy format to digital format. This is possible because of recent advances in object
recognition and imaging techniques for capturing the building and its systems and components. Augmenting
BIM with virtual reality techniques is gaining momentum especially for construction and facilities
management applications. Virtual reality techniques provide a rich experimental environment to compare
existing designs to renovation alternatives.

4 Future Challenges for BIM Application in Existing Building

Volk et al. (2013) highlighted that despite recent advances for BIM in design and construction applications
there is a substantially scarce use of BIM for existing buildings. First, there is difficulty in modeling or
converting old as built records for buildings into digital records. Secondly, there is the problem of updating
the information from multiple digital sources. Often, operators and engineers use a wide range of
computational tools to handle basic daily operations. These tools are not necessarily compatible with
current BIM platforms.

From the literature available, it also appears that the issue of inherent risk that results from the large web
of interdependencies among building systems could benefit from more study. Building systems are located
in an environment with operational dependencies among their most fundamental components. For
example, a failure in an electrical system can cascade to mechanical, fire and plumbing systems. While this
is fairly self-evident, these problems can cause costly down-time, or major barriers to recovery of operations
in larger disasters when supporting infrastructure and operations beyond the building are also stressed.
This raises the call for considering such interdependencies when planning the operation and maintenance
of existing buildings and during early design stages. The following are suggested directions to facilitate BIM
applications in operation and maintenance of existing building:

1- Convert as built data for existing buildings into digital format: recent years are witness to
considerable advances in the conversion of as built drawings and other building data into digital
format (Lu and Lee, 2017). When tackling the issue of transforming as built drawings of existing
builds to BIM format, operators and engineers should balance between the complexity of their
targeted buildings and expected costs for generating such digitized data. For example, as built
drawings of small buildings are easier to digitize if scanned by high quality scanning devices. In
absence of as built drawings, or for more complex buildings, image based techniques (e.g. LIDAR,
Infrared, video images...etc.) are sufficient for generating as built data. The real concern will be the
required time and cost needed to process, build and validate such models. Engineers are in need
of guidelines or protocols to help them select the best approach to construct BIM models for existing
buildings.

2- Tools to facilitate data interoperability between current BIM platforms and facility management
software: more research effort is required to bridge the gap between current BIM and facility
management platforms. This entails developing and implementing data interoperability frameworks
that can handle data exchange between various formats (e.g. excel, database, HTML file...etc.)

CON146-6



and BIM platforms (e.g. OpenBIM, Revit, ArciCAD...etc.). The above stated research work provided
generic frameworks but more testing and validation is required.

3- Optimize the lifecycle of existing buildings: BIM can be integrated with dynamic simulation and
optimization environments to understand the complex interrelations among building systems.
Current BIM platforms provide minimal capabilities for planning and managing the maintenance
stage of existing buildings. These tools ignore interdependencies among building systems and
hence do not provide a holistic approach to minimizing any external or internal risks throughout the
lifecycle. Building systems are located in one environment and hence a failure in one system can
have cascading effects on other neighbouring systems. For example, a failure in one HVAC duct
may not only affect other interdependent ducts in the HVAC network but also users in the rooms
and spaces covered by such system. This type of operational interdependency is not covered yet
in the literature and more effort is need on optimizing building by considering such
interdependencies.

5 Summary and Conclusion

This paper discussed how BIM progressed over time as a tool for the design, construction, operation and
maintenance of buildings. The literature review examined current applications of BIM in buildings projects
throughout the building lifecycle. The literature review also highlighted expected benefits of BIM technology
in design, construction, operation and maintenance stages along with existing challenges.

The paper showed that current BIM practices pay little consideration to the interdependencies among
building systems and components. This can be a key in hindering effective implementation of sustainable
operation and maintenance plans. There is a significant need for more holistic approaches to managing the
lifecycle of buildings that considers not only interdependencies among core systems but also
interdependencies with other interrelated civil infrastructure networks. These integrated holistic approaches
will equip stakeholders of any building with mechanisms to secure a delicate balance between conflicting
and competing goals.

Acknowledgements

This research work was supported by Mitacs Foundation and RiskLogik through grant number [FR18211].
Also, The authors would like to thank Mr.Charles Chamberlain, Principal and COO at RiskLogik, for his
support and assistance with this project.

References

Akinci, B. Tantisevi, K., Ergen, E., 2003. Assessment of the capabilities of a commercial 4D CAD system
to visualize equipment space requirements on construction sites. Construction Research Congress,
Honolulu, Pages 989-995.

Amirebrahimi, S., Rajabifard, A., Mendis, P. and Ngo, T., 2016. A BIM-GIS integration method in support
of the assessment and 3D visualisation of flood damage to a building, Journal of Spatial Science, Volume
61, Issue 2, Pages 317-350

Asen, Y., 2012. Building Information Modeling Based Integration and Visualization for Facilities
Management. Masters thesis, Concordia University.

Barlish, K. and Sullivan, K., 2012. How to measure the benefits of BIM — A case study approach,
Automation in Construction, Volume 24, Pages 149-159

Becerik-Gerber, B., Jazizadeh, F., Li, N. and Calis, G., 2011. Application areas and data requirements for
BIM-enabled facilities management. Journal of construction engineering and management, Volume 138,
Issue 3, Pages 431-442.

Bryde, D., Broquetas, M. and Volm, J. M., 2013. The project benefits of Building Information Modelling
(BIM), International Journal of Project Management, Volume 31, Issue 7, Pages 971-980

CON146-7



Charalambos, G., Dimitrios, V., Symeon, C., 2014. Damage assessment, cost estimating, and scheduling
for post-earthquake building rehabilitation using BIM. The 2014 International Conference on Computing
in Civil and Building Engineering, Pages 398-405

Chau, K.W., Anson, M. and Zhang, J.P., 2004. Four-dimensional visualization of construction scheduling
and site utilization. Journal of construction engineering and management, 130(4), pp.598-606.

Clough, R.H., Sears, G.A. and Sears, S.K., 2008. Construction Project Management: A Practical Guide to
Field Construction Management. Wiley, New Jersey

Eadie, R., Browne, M., Odeyinka, H., McKeown, C. and McNiff, S., 2013. BIM implementation throughout
the UK construction project lifecycle: An analysis, Automation in Construction, Volume 36, Pages 145-
151

Ganah, A.A., Bouchlaghem, N.M. and Anumba, C.J., 2005. VISCON: Computer visualization support for
constructability. Journal of Information Technology in Construction: Special Issue: From 3D to nD
Modelling, Volume 10, Pages 69-83

Hartmann, T., Gao, J., and Fischer, M., 2008. Areas of application for 3D and 4D models on construction
projects. Journal of Construction Engineering and Management (ASCE), Volume 134, Issue 10, Pages
776-785

Ibrahim, M., 2015. Models for Efficient Automated Site Data Acquisition. PhD thesis, Concordia University.

Inyim, P., Hisn Y.H., Long, P.; Yimin, Z., Shuching C., 2014. Integration of Video Image Processing and
BIM-based Energy Simulation for Analyzing the Impact of Dynamic User Patterns on Building Energy
Consumption. The ICCREM 2014 - Smart Construction and Management in the Context of New
Technology, Pages 526-34

Jalaei, F. and Jrade, A., 2015. Integrating building information modeling (BIM) and LEED system at the
conceptual design stage of sustainable buildings, Sustainable Cities and Society, Volume 18, Pages 95-
107

Jiang, L. and Leicht, R.M., 2014. Automated rule-based constructability checking: Case study of formwork.
Journal of Management in Engineering, Volume 31, Issuel, Pages 401-404.

Jrade, A., and Lessard, J., 2015. An Integrated BIM System to Track the Time and Cost of Construction
Projects: A Case Study. Journal of Construction Engineering, Pages 1-10

Kam-din, W. and Qing, F, 2013. Building information modelling (BIM) for sustainable building design.
Facilities, Volume 31, Pages 138-157

Kassem, M., Kelly, G., Dawood, N., Serginson, M., & Lockley, S., 2015. BIM in facilities management
applications: A case study of a large university complex. Built Environment Project and Asset
Management, Volume 5, Issue 3, Pages 261-277.

Khanzode A., Fischer M., and Reed D., 2005. Case Study of The Implementation of The Lean Project
Delivery System (LPDS) using Virtual Building Technologies on a Large Healthcare Project, Proceedings
13t Annual Conference of the International Group for Lean Construction, IGLC-13, Sydney, Australia.

Kim, H. and Anderson, K., 2011. Energy Simulation System Using BIM (Building Information Modeling).
Journal of Computing in Civil Engineering, Pages 635-640

Koénig, M., Koch, C., Habenicht, I. and Spieckermann, S., 2012. Intelligent BIM-based construction
scheduling using discrete event simulation. In Simulation Conference (WSC), Proceedings of the 2012
Winter, Pages 1-12

Krukowski, A., and Arsenijevic, D., 2010. RFID-Based positioning for building management systems. Proc.,
2010 IEEE Int. Symp. on Circuits and Systems (ISCAS), IEEE, Piscataway, NJ, 3569—3572

Kymmell, W., 2007. Building Information Modeling: Planning and Managing Construction Projects with 4D
CAD and Simulations (McGraw-Hill Construction Series): Planning and Managing Construction Projects
with 4D CAD and Simulations. McGraw Hill Professional

Lee, G., Sacks, R., Eastman, C.M., 2006. Specifying parametric building object behavior (BOB) for a
building information modeling system, Automation in Construction, Volume 15, Issue 6, Pages 758-776

Lee, S. I, Bae, J. S., & Cho, Y. S., 2012. Efficiency analysis of Set-based Design with structural building
information modeling (S-BIM) on high-rise building structures. Automation in Construction, Volume 23,
Pages 20-32

Lee, S., Kim, K. and Yu, J., 2014. BIM and ontology-based approach for building cost estimation,
Automation in Construction, Volume 41, Pages 96-105

Lépez, AJ.G., Marquez, A.C., Sanz, J.A., Kobbacy, K.A., Shariff, S.M., Le Page, E. and Gonzalez-Prida,
V., 2016. Asset Management for Buildings within the Framework of Building Information Modeling
Development. Optimum Decision Making in Asset Management, Pages121-138

CON146-8



Lu, Q. and Lee, S., 2017. Image-Based Technologies for Constructing As-Is Building Information Models
for Existing Buildings. Journal of Computing in Civil Engineering

McCuen, T.L., 2015. BIM and cost estimating: a change in the process for determining project costs.
Building Information Modeling. Applications and Practices, Pages 63-81

Montaser, A. and Moselhi, O., 2012. RFID and BIM for automated progress reporting. The 2012 AACE
Annual Meeting of the Association for the Advancement of Cost Engineering, Volume 1, Pages 53-71

Montaser, A., 2013. Automated Site Data Acquisition for Effective Project Control. PhD thesis, Concordia
University.

NIBS, 2015. National Building Information Modeling Standard — United States. National Institute Building
Science, Version 3

Onishi, Y, 2013. Development of web-based asynchronous communication system applied BIM for
architectural design. AlJ Journal of Technology and Design, Volume 19, Pages 1225-1230

Oti, A. H., E. Kurul, F. Cheung, and J. H. M. Tah. 2016. A Framework for the Ultilization of Building
Management System Data in Building Information Models for Building Design and Operation. Automation
in Construction, Volume 72, Part 2, Pages 195-210

Park, J. and Cai, H., 2017. WBS-based dynamic multi-dimensional BIM database for total construction as-
built documentation. Automation in Construction, Volume 77, Pages 15-23

Schevers, H., Mitchell, J., Akhurst, P., Marchant, D., Bull, S., McDonald, K., & Linning, C., 2007. Towards
digital facility modelling for Sydney opera house using IFC and semantic web technology. IT in
Construction, Volume 12, Pages 347-362

Setayeshgar, S., 2014. Improving Safety on Construction Sites Using BIM-Based Dynamic Virtual Fences
and Ultra-Wideband Technology. Masters thesis, Concordia University.

Setayeshgar, S., Hammad, A., Vahdatikhaki, F., Zhang, C., 2013. Real time safety risk analysis of
construction projects using BIM and RTLS. ISARC 2013 - 30th International Symposium on Automation
and Robotics in Construction and Mining, Pages 731-741

Shen, W., Hao, Q., Mak, H., Neelamkavil, J., Xie, H., Dickinson, J., Thomas, R., Pardasani, A. and Xue,
H., 2010. Systems integration and collaboration in architecture, engineering, construction, and facilities
management: A review. Advanced Engineering Informatics, Volume 2, Issue 2, Pages196-207.

Soltani, M., 2013. Neighborhood Localization Method for Locating Construction Resources Based on RFID
and BIM. Masters thesis, Concordia University.

Staub-French S. and Fischer M., 2001. Industrial Case Study of Electronic Design, Cost, and Schedule
Integration. Technical Report No. 122, Center for Integrated Facilities Engineering, Stanford University,
CA.

Volk, R., Stengel, J., & Schultmann, F., 2014. Building Information Models (BIM) for existing buildings—
literature review and future needs. Automation in Construction, Volume 38, Pages 109-127

Wan-Li L., Meng-Han T., Cheng-Hsuan Y.; Jhih-Ren, J., Jui-Yu S., 2016. V3DM+: BIM interactive
collaboration system for facility management. Visualization in Engineering, Volume 4, Issue 1, Pages 5
-20

Wetzel, E. M., and Thabet, W., 2015. The Use of a BIM-Based Framework to Support Safe Facility
Management Processes. Automation in Construction, Volume 60, Pages 12-24

Yu, K., Froese, T., and Grobler, F. (2000). A Development framework for data models for computer
integrated facilities management. Automation in Construction, Volume 9, Issue 2, Pages 145-167

CON146-9



