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ABSTRACT

The share of transport infrastructure in the economy occupies an important place in the
financial indicators of many countries. Depending on the population growth, the need for
flexible and cost-effective technological tools and methods in sustainability, including
maintenance and repair of infrastructure services, is increasing daily. Building Information
Modeling (BIM) is a method to prepare 3D models of buildings, including their materials and
characteristics while performing advanced energy efficiency analyses that can reduce
construction time and material waste. BIM has been widely adopted in vertical architecture
for construction, maintenance, and repair works, and there is significant potential for these
methods to be useful in the transportation industry. This study aims to examine the
intersections of transportation infrastructure in the context of BIM with a current literature
review and discuss the results. Based on these discussions, current issues and trends,
application and use, emerging technologies, benefits and challenges, limitations, areas where
research is needed, and future needs are discussed. Furthermore, the benefits of integrated
modeling with geographic information systems (GIS) BIM in construction projects related to
transportation infrastructure and the provision of spatial accuracy in this context were
highlighted. Although academic studies mainly focus on roads, highways, and bridges, it is
evident that the use of BIM in transportation infrastructures is increasing. Transportation
infrastructure companies and academia should collaborate to calibrate these results. In
addition, the major shortcoming in the literature is that the standards and regulations on this
topic are not yet mature.

Keywords: Building Information Modeling (BIM); Geographic Information Systems (GIS);
Transportation Infrastructures; Interface Management

1. INTRODUCTION

Transportation infrastructures can be considered the backbone of nation, as the timely,
reliable, and efficient transportation of people, information, and products from one point to
another contributes significantly to economic and social development. With aging
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transportation infrastructures and increasing population growth, more efficient and cost-
effective technologies are needed to build, monitor, rehabilitate, and repair structures [1]. The
transportation industry, which has adopted many proven technologies and methods from the
construction industry, has been a major driver in developing and deploying innovative
technologies. This method, used primarily in vertical architecture, is known as Building
Information Modeling (BIM). The project committee defines the standard: "BIM is a digital
representation of a facility's physical and functional characteristics. It is also a source of
information through which reliable results are exchanged so that decisions can be made
throughout the life cycle, from preliminary design to demolition” [2]. Related to this, it is
understood that BIM has important uses and contents that can be used in the life cycle
management of a facility. Since the purpose of BIM is to capture all information and
processes related to the design and construction of a facility, it can also be used for operations
and maintenance. BIM is widely used in the construction industry. Although its application in
transportation infrastructure has been slow [3-5], Industry and academia are making more and
more efforts to use BIM in construction infrastructure and produce knowledge-based
products. However, no comprehensive review of efforts specific to transportation
infrastructure has been conducted yet. The literature studies in the future mainly include BIM
applications in administrative processes of buildings, data management applications, and civil
infrastructure facilities [1]. This paper reviews BIM-related research areas to further facilitate
applications in transportation infrastructures.
2. BUILDING INFORMATION MODELING (BIM)
2.1. USING BIM IN VERTICAL ARCHITECTURE
In general, BIM can be used in vertical architecture for the following purposes:

e Visualization,
Production workspace drawings,
Automatic production,
Evaluations related to the regulation,
Forensic analysis,
Facilities management
Cost calculation,
Structure sequence,
Disagreement,
Intervention and conflict research [6],
Although it is possible to summarize the benefits of BIM into ten groups, as shown in Figure
1, it should be emphasized that the activities that take place from the design process to
operation are addressed in different dimensions (Figure 2-3).
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Figure 3. BIM Concept [9].

2.2. USE OF BIM IN TRANSPORTATION INFRASTRUCTURES

Worldwide, BIM is mainly used for vertical construction, from design to construction to
operation and maintenance [10]. Construction projects such as highways, bridges and
viaducts, which are among the transportation infrastructure activities, are based on data
obtained from the field. At the same time, these projects contain a high percentage of
excavation elements. However, the construction activities in vertical architecture are
independent of these factors. When the projects in vertical structures are examined, it is seen
that they use the Cartesian coordinate system as a single reference. However, when horizontal
building projects are examined, they use more than one station and alignment curves.
Traditional computer aided design tools primarily use the Cartesian coordinate system. This
difference poses a major obstacle to the direct application of traditional BIM for transport
infrastructures. Figure 4 shows the number of articles applying BIM to a transportation
infrastructure [1]. It can be seen from the research articles that the application of BIM is more
common for bridges, highways, and expressways than for other transportation services.
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Figure 4. Frequency of Articles by Transportation Infrastructure [1].
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Since the applications of BIM in transportation are so diverse and the industrial application is
relatively new, there are many gaps in the literature in this area. It is significant to note here
that a study may focus on more than one transportation infrastructure (e.g., bridges, viaducts,
and highways). On the other hand, although the number of BIM applications for
transportation infrastructure has increased, the focus has been mainly on highways,
expressways, and bridges. It can be seen that the scope for large projects such as tunnels,
ports, airports, and viaducts are still limited (Figure 4). Developing BIM specifically for these
structures can help improve project management, operations, and maintenance while avoiding
unnecessary expenditures. However, if we think about smart cities, autonomous vehicles, and
intelligent transportation systems, it can be said that there is great potential for the application
of BIM technologies. However, the lack of a single standardized format for sharing BIM
across different software is a major limitation. Many studies have been carried out to prevent
this restriction. However, considering the scope of current standards, it is seen that this
situation is limited to large transportation structures (Bridge, highway, railway and tunnel).
2.3. INTERFACE MANAGEMENT IN BIM

Integrating other project management methods for infrastructure construction with BIM can
be considered an important literature gap that can produce meaningful results. For example,
various project risk management models can be evaluated using developed methods or
probabilistic theories (such as Monte Carlo simulation) to gain a deeper perspective. BIM can
perform a risk assessment for stakeholders and help visualize the analysis results at this stage,
which can increase project success (see Figure 5) [11].
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Figure 5. Implementation of the BIM System for Interface Management in Construction [11]
Documentation of projects in the as-built phase plays a key role in corporate facility
management. Although there are some efforts to use laser scanning technology, the
investigation and evaluation of other image capture technologies could be an interesting
subject for future research. Accurate reporting of project results is critical to ensure that
infrastructure projects are completed on time and within budget. BIM can be evaluated and
adapted to this context's alternative and comparable infrastructure project requirements.

www.istanbulkongresi.org 122 Istanbul, Turkiye



T R TS (1| WA VYA INTERNATIONAL iSTANBUL MODERN SCIENTIFIC RESEARCH CONGRESS -1V

Identifying BIM-based reports to address information deficiencies and for more detailed
management of infrastructure projects in the future is an important research topic. BIM can be
integrated with advanced technologies to focus on finding and resolving legal issues,
automatically increasing the efficiency and safety of the construction process for projects
requiring work at height. This can help identify hazard indicators early and improve safety
during infrastructure construction. Given the risk of collisions and crashes during the
construction of high-rise bridges on complex work such as crossing projects, further study
into approaches such as occupational health and safety could fill safety gaps in this area.
Overcoming the technological shortcomings and challenges of using and combining advanced
technologies with BIM can be a common denominator among construction, industry, and
surveying researchers. Finally, the use of BIM to assess the environmental effects of
infrastructure development is very important area that has received little attention. The
benefits of BIM can be enhanced in terms of providing comprehensive information for the
sustainability of the project.
3. SPATIAL IMPORTANCE IN BIM AND ITS INTEGRATION INTO
GEOGRAPHICAL INFORMATION SYSTEMS
As with any engineering solution, positional accuracy is important in BIM-based projects. For
these structures from the land:
e Terrestrial geodetic methods, Laser Scanning Systems, Total Station, Global
Navigation Satellite System (GNSS),
e Photogrammetric methods (digital images taken with digital aerial cameras),
e Remote sensing methods (digital satellite images),
the geospatial information obtained by these methods must be accurate, current, and sensitive.
Particular attention should be paid to this aspect for BIMs to be created for transportation
infrastructure facilities. Here, location accuracy is closely related to the location accuracy of
BIM. When collecting information about structures from the land;
e Feasibility studies for obtaining spatial information
e Establishment of a geodetic measurement network in which spatial information is
collected,
Calibration of the measuring instruments used in the measurement network,
Optimization of the measurement network,
Coordinate calculations in the measurement network,
Transfer of spatial data obtained in the field to the computer environment,
Drawings and models created in the computer environment,
must be considered.
Geographic information systems (GIS) work with graphical information and databases based
on this information. As mentioned earlier, positional accuracy is important in implementing
projects here. Spatial analysis in 3D-modeled BIMs can be easily performed in the
environment of geographic information systems. The integrated operation of urban
information systems and BIM projects in urban areas will ensure that information on this
subject can be accessed quickly, reliably, accurately, currently, and sensitively. In particular,
the implementation of transportation infrastructure along with BIM projects in the GIS
environment will provide benefits and advantages in many of the areas as given below:
e Determination and monitoring of deformation and wear of transportation
infrastructures over time,
e Cost analysis can be easily performed in all processes and phases from the design
of these infrastructures to their project, from construction to operation,
e Facilitation of project management in terms of issues such as time, human
resources, materials, and equipment in these infrastructures,
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e Optimization of route projects and optimization of route projects such as
emergency exits, walkways for the disabled, electricity, internet, water, and
sewerage in large terminal structures such as airports, train stations, and bus
stations,

e Planning of these buildings that require energy, such as lighting and heating,

¢ Planning of environmental measures,

e Preventing cost losses in advance through appropriate spatial analysis for the place
selection of these buildings,

e Obtaining all kinds of angle, length, area, and position information in the interiors
of buildings.

e Working with up-to-date, sensitive and accurate spatial information about
buildings

4. CONCLUSION AND RECOMMENDATIONS

Developing a country's transportation infrastructure is critical to its economic development.
One of the most crucial problems facing a country's transportation system is aging and
deteriorating infrastructures that cannot meet the demands of the times. With the rapid
expansion of these networks, conventional management systems are becoming inefficient,
making autonomous management systems necessary. By combining BIM with infrastructure
management technologies, such as GIS, transportation networks are becoming more reliable,
sustainable, and efficient. Moreover, it can reduce maintenance costs and risks associated with
operational activities while generating significant revenue for all stakeholders.

In the literature, BIM is primarily used in administrative processes for existing buildings, data
management applications, and civil infrastructure facilities. An overview of BIM-related
research areas is presented in this study to facilitate the application of BIM in transportation
infrastructures.

Although academic works mainly focus on roads, highways, and bridges, it is evident that the
use and application of BIM in transportation infrastructures is increasing. The major
shortcoming in the literature is that the standards and regulations on this topic are not yet fully
developed. Transportation infrastructure companies and academia should collaborate to
calibrate these results.

REFERENCES

[1] Costin, A., Adibfar, A., Hu, H., Chen, S. S. (2018). “Building Information Modeling
(BIM) for transportation infrastructure—Literature review, applications, challenges,
and recommendations”, Automation in Construction, 94:257-281.
https://doi.org/10.1016/j.autcon.2018.07.001.

[2] National Institute of Building Sciences (NIBS), About the National BIM Standard-
United States. https://www.nationalbimstandard.org/about.

[3] Marzouk, M., Abdelaty, A. (2014). “Monitoring thermal comfort in subways using
building information  modeling”, Energy and Buildings, 84:252-257.
https://doi.org/10.1016/j.enbuild.2014.08.006.

[4] Noor, B. A, Yi, S. (2018). “Review of BIM literature in construction industry and
transportation: meta-analysis”. Construction Innovation, 18(4):433-452.
https://doi.org/10.1108/CI-05-2017-0040.

[5] Wan, C., Zhou, Z., Li, S., Ding, Y., Xu, Z.,, Yang, Z., Yin, F. (2019). “Development of
a bridge management system based on the building information modeling
technology”, Sustainability, 11(17):4583. https://doi.org/10.3390/su11174583.

[6] Atabay, S., Oztiirk, M. B., (2019). “Yap1 Bilgi Modellemesi (YBM) Uygulama Plani
Uzerine Inceleme”, Miihendislik Bilimleri ve Tasarim Dergisi, 7(2):418-430.
https://doi.org/10.21923/jesd.431262.

www.istanbulkongresi.org 124 Istanbul, Turkiye


https://doi.org/10.1016/j.autcon.2018.07.001
https://www.nationalbimstandard.org/about
https://doi.org/10.1016/j.enbuild.2014.08.006
https://doi.org/10.1108/CI-05-2017-0040
https://doi.org/10.3390/su11174583
https://doi.org/10.21923/jesd.431262

T R TS (1| WA VYA INTERNATIONAL iSTANBUL MODERN SCIENTIFIC RESEARCH CONGRESS -1V

[71 URLZ:https://www.incide.it/en/the-10-advantages-of-bim/ Erisim Tarihi: 25.11.2022.

[8] URL2:https://www.bimteknoloji.com/fikir/bim-nedir-insaat-sektorune-faydalari/
Erisim Tarihi: 25.11.2022.

[9] Nawari, N. O. and Kuenstle, M. (2015). Building Information Modeling: Framework
for Structural Design, CRC Press, © 2015 by Taylor & Francis Group, LLC, Boca
Raton, FL. https://www.routledge.com/Building-Information-Modeling-Framework-
for-Structural-Design/Nawari-Kuenstle/p/book/9781482240436.

[10]Kotesli Aydin, T., Koman, I. (2021). “Yap1 Bilgi Modeli ile Yiiriitiilen Projelerde
Degisikliklerin Yénetimi igin Bir Model Onerisi”, Yap: Bilgi Modelleme, 3(1):35-50.
https://dergipark.org.tr/tr/pub/ybm/issue/60852/816647.

[11]Lin, Y. C., Jung, S., Su, Y. C. (2019). “Construction database-supported and BIM-
based interface communication and management: a pilot project”, Advances in Civil
Engineering, 2019: Article ID 8367131. https://doi.org/10.1155/2019/8367131.

www.istanbulkongresi.org 125 Istanbul, Turkiye


https://www.incide.it/en/the-10-advantages-of-bim/
https://www.bimteknoloji.com/fikir/bim-nedir-insaat-sektorune-faydalari/
https://www.routledge.com/Building-Information-Modeling-Framework-for-Structural-Design/Nawari-Kuenstle/p/book/9781482240436
https://www.routledge.com/Building-Information-Modeling-Framework-for-Structural-Design/Nawari-Kuenstle/p/book/9781482240436
https://dergipark.org.tr/tr/pub/ybm/issue/60852/816647
https://doi.org/10.1155/2019/8367131

	0
	1
	2
	3



