
  2024 European Conference on Computing in Construction  

Chania, Crete, Greece 

July 15-17, 2024 
 

OPTIMIZING ROAD INFRASTRUCTURE DESIGN  

USING I-BIM TECHNOLOGY 
Panagiotis Tsikas, Rebeca Giavi, Athanasios Chassiakos 

Department of Civil Engineering, University of Patras, Patras, Greece 

 

 

 

 

 

Abstract 

Infrastructure Building Information Modeling (I-BIM) 

has emerged as an important supporting technology for 

managing infrastructure project design, construction, and 

operation. This paper presents the development of an I-

BIM model that can holistically capture the components 

and their integration characteristics of a road project. 

Extending previous works, the development deems to 

provide detailed road design analysis including drainage, 

signage, and lighting, traffic lanes of variable width, 

inclined pavement layers, vegetation and plantation, etc. 

In addition, the difficulties in developing “irregular” 

components and aligning them with each other and with 

the longitudinal land terrain are examined. The 

development applies to a real-world road design to 

explore the applicability potential. 

 

Introduction 

Transport infrastructure projects, being large scale 

engineering ones, require significant capital investments 

for their construction and maintenance, in return to 

multiple benefits for the users and the society out of their 

operation (Timilsina et al. 2020). In fact, they are quite 

important projects playing a key role in the social and 

economic development of regions and countries, often 

echoing the economic and technological development of 

them (Cigu et al. 2019).  

The continuous improvement and application of new 

methods to improve the design and operation of such 

projects is always a goal (Costin et al. 2018). Considering 

the potential and positive effect of applying BIM 

technologies in construction (Wong and Fan 2013), the 

application and use of such tools in infrastructure project 

management could provide an effective method to 

increase efficiency during the project life cycle. 

In large scale infrastructure projects, cost overruns, 

completion time overflow, wastefulness, and performance 

loss constitute conventionality rather than exception 
(Love et al. 2014). Engineering challenges - arising 

mainly from the specificities of such projects - exhibit a 
wide variety in terms of structural, geometrical, and 

mechanical characteristics. On the other hand, such 

projects are spawned by various multidisciplinary groups 
(architects, engineers, contractors, operators, etc.) having 

different (and often conflicting) priorities and objectives 

at every project phase. As a result, there is a large volume 

of information, generated from start to finish, subject to 
managing deficiencies and performance degradation. 

Liu et al. (2017), after studying the most important risks in 

engineering projects through a questionnaire shared with 
500 construction companies, noted that project 

performance - in terms of time, cost, quality, and safety - 
is significantly affected by the design team capability, the 

information accuracy, and the design associated delays. 

Undoubtedly, all the above factors contribute to problems 
and risks that infrastructure projects face nowadays and in 

the past. The root cause, according to Flyvbjerg (2013), is 

the fact that project planners tend to systematically 
underestimate or even ignore project complexity risks 

during the project development phase and decision 
making. Thus, many problems are associated with project 

design (or communication about the design), while 

modifications made alongside the way are related to 
deficiencies or omissions by the design. 

As a result, both the productivity and the efficiency of the 

projects remain modest (Agenda, I. 2016). In this context, 
the traditional ways for managing infrastructure projects 

cannot meet the challenges of today, where construction is 
becoming more and more complex and demanding, and 

these projects require adequate planning and prudent 

resource management. Teizer (2015) stresses that key 
issues in the direction of improving infrastructure project 

management include schedule obedience, material 

procurement, supply chain-related actions, project status 
control, safety and quality monitoring. Furthermore, as 

Chi et al. (2012) state, during the evolution of a project, 
interim and ad hoc works arise. Because of this, the design 

of such temporary works does not always receive the 

attention and control levels that are typically required. 
Therefore, these elements should be integrated within the 

design, construction performance and safety parameters. 

The introduction and use of BIM technology in the 
construction industry has assisted in automating 

traditional processes, manifesting positive effects in 
quality and productivity (Ullah et al. 2019). In addition, 

the adoption of BIM has significantly contributed to the 

digital transformation of the general industry, moving 
from the traditional way of designing and planning typical 

construction projects (e.g., buildings) towards a digital 

ecosystem that includes 3D visualization and real-time 
communication. Instead, in large infrastructure projects, 



the application and adoption level of BIM technologies is 
lacking behind, resulting in lower productivity and 

efficiency outcomes. 

In recent years, there have been steps forward in the 
application and use of BIM in the infrastructure sector, as 

the benefits of 3D modelling and the use of smart objects 

are increasingly recognized (Tang et al. 2020; Cantisani et 
al. 2022). A 3D/BIM model is not limited to the geometric 

and design features visualized in the simulation (Gould 
2010) but it is like a digital simulation model of the actual 

structure, whose properties and features are fully 

configurable. Thus, BIM technology is a reliable design 
tool that provides access to a comprehensive set of 

knowledge about the form, materials, environment, 

technical characteristics, costs, etc. of the project. 

Despite the numerous benefits of I-BIM and the 

development of implementation strategies, the application 
of this technology remains limited, and the overall 

effectiveness of BIM in real projects has not been fully 

studied. Therefore, there is a need to explore the practical 
application of Infrastructure BIM (I-BIM) technology in 

the planning and design of projects. In this paper, the 

development and description of such a system for road 
projects is presented and discussed. 

 

Infrastructure BIM 

The development of road infrastructure projects involves 

two phases, the design and the construction ones. There 

are several sub-stages, in which plans and documents are 

produced, relating, among others, the technical 

specifications of the design, the cost and the duration of 

the construction.  

In the traditional approach, communication among 

stakeholders has been largely fragmented and based on 

the exchange of 2D drawings and documents. As a result, 

coordination is particularly difficult, as much information 

(data) is lost or miscommunicated in the transition from 

stage to stage, often leading to the need for re-creation. 

Further, in large-scale projects, there are always large 

volumes of data and, likewise, it is difficult to 

communicate and present them correctly. Consequently, 

data omissions or miscommunication lead to inaccurate 

information sharing among participants and project 

phases. As such, when errors are detected through the 

several steps, the project has already progressed making 

any needed intervention difficult, costly, time consuming, 

and often of inadequate effectiveness. 

In contrast, in infrastructure BIM (I-BIM) management, 

the information flow is coordinated in real time so that the 

work execution can be carried out by all involved parties 

(of different branches) effectively, as the digital 

simulation of the construction is up to date to the needed 

modifications and project progress monitoring. Thus, 

decision making for changes can be carried out in the 

early stage where the cost of changes is low and their 

effectiveness is high. Hence, more efficient collaboration 

is achieved by all groups involved in all phases 

throughout the project life cycle, eventually leading to an 

effective design and construction decision making. 

Methodology 

I-BIM provides a comprehensive 3D visual database and 

modeling of the project under development, integrating a 

range of data, including 3D terrain models and road 

design elements, such as road geometric design, cross-

sections, measurements, electromechanicals, hydraulics, 

and more. This allows for the effective design of road 

systems and the optimization of project outcome. By 

integrating more data into the existing 3D model, i.e., 

work scheduling and construction cost, project managers 

can validate road project conformance to standards before 

construction commencement, leading to enhanced project 

efficiency and effectiveness. Therefore, the use of I-BIM 

in the initial design phase of large and complex horizontal 

geometry projects, can significantly contribute to 

different scenarios evaluation by providing visual, 

qualitative, and quantitative information that helps in the 

direction of selecting the best scenario that minimizes the 

time and cost and improves the quality of the work. 

The design methodology of the road project through I-

BIM includes the following steps, in accordance with the 

conventional way of doing things: 

• Capture the terrain surface along the road alignment.  

• Model the road and its individual elements (road 

deck, positions of sidewalks, roundabouts, islands, 

crossings, overpass bridge).  

• Visualize the core road elements and layers in a 3D 

representation. 

• Model and present secondary road elements that are 

necessary for road operation (signs, lighting fixtures, 

planting objects, etc). 

Unlike traditional techniques and programs, all elements 

and characteristics of the project are present in a single 

3D/I-BIM model. This enables the visualization of the 

road design in a realistic environment, which is helpful in 

identifying any potential conflicts that may arise. Most 

importantly, alternative design scenarios can be easily 

simulated and evaluated to realize the best layout 

solutions. Further, the I-BIM technology facilitates 

collaboration among the design team members by 

allowing them to access and modify the single digital 

model in real-time.  

Interoperability and data standardization, using openBIM 

technology and Industry Foundation Classes (IFC), are 

vital for efficient information exchange among different 

stakeholders in the construction process. In this direction, 

the IFC 4.3 format is a significant step toward automating 

and optimizing facility management within the project 

lifecycle. In the road design study, interoperability helps 

transferring topographical mapping from AutoCAD Civil 

3D to Revit for further processing and enhancing 

decision-making and stakeholder communication in 

project design.   

 



Case study 

As part of the development, this work presents as a case 

study the employment of the I-BIM technology to the 

design of the new ring road in Nemea (Greece). The 3D 

modeling of the road and its elements (road surface, 

sidewalk, roundabouts, electric lighting, technical works, 

etc.) has been realized using the AutoDesk REVIT 

software. Such kind of software have been developed with 

an initial focus on building design and construction, at 

least in construction industry applications. It appears, 

however, that they can effectively be used for other types 

and large-scale projects.  

The terrain design of the area has been based on 

topographic CAD diagrams, which are first adjusted to 

their actual dimensions during modeling in REVIT. The 

adoption of BIM in this project has largely focused on 

design activities. The existing road passes through the 

urban area of the city of Nemea, as shown in Figure 1. As 

a result, traffic congestion is observed within the city that 

results in increased travel times and accident risk. The 

latter is more evident at an intersection where the new 

road is going to commence, in which case the intersection 

angles of the current geometry of the converging roads 

provide very poor visibility conditions (Figure 2). The 

bypass follows a new alignment, totaling 1.4 km, starting 

at location (1) and ending at location (2), as shown in 

Figures 2 and 3. The new road design includes two 

roundabouts at its ends to ensure high safety conditions 

and smooth traffic flow. 

 

 

 

Figure 1: Existing road through the urban area 

 

To select the optimal layout, several design alternatives 

have been developed and evaluated along the land zone 

around the potential layouts, with special emphasis to the 

roundabouts that link the ring road with the existing road 

segments. The proposed layout is shown in Figure 4. 

The new road design features a nominal speed Ve = 60 

km/hr, horizontal radius of R ≥ 140 m, and maximum 

longitudinal gradient 3.80%. The road consists of two 

lanes (one per direction) with an effective road width of 

7.00 m plus 2.00 m of sidewalk. Further, at the roundabout 

access sections, appropriate widening of the roadway is 

designed. Along the entire length of the road, guard rails 

of 0.60 m in height have been laterally designed in both 

directions. 

 

 

 

Figure 2: A high accident risk segment of the existing road 

design (point 1, same as point A in Figure 1) 

 

The full project model, encompassing all the information, 

is depicted in Figure 5 and allows efficient project 

analysis and management. As stated before, the utilization 

of such a model facilitates the effective management of 

changes at any project component (e.g., drainage system) 

and the direct communication of such changes at all 

management levels and stakeholders. 

The cross-section of the carriageway comprises multiple 

layers that include (from the lowermost to the uppermost 

level): two layers of sub-base of 10 cm thickness each, 

two layers of base of 10 cm likewise, asphalt pre-coating, 

asphalt base layer of 5 cm thickness, asphalt adhesive 

coating, asphalt traffic layer of 5 cm thickness, asphalt 

adhesive coating, and asphalt anti-slip layer of 4 cm 

thickness. All layers have been simulated in the 3D/BIM 

model (Figure 6). 

 



 

 

Figure 3: Endpoint of the ring road (point 2, same as point B in 

Figure 1) 

 

 

 

Figure 4: Ring road alignment design 

 

The design of the roundabouts has been carried out in 

accordance with the "Geometric Design of Highways and 

Streets" (Hancock et al. 2013) and "Roundabouts: An 

Informational Guide" (Robinson et al. 2000). The 

proposed roundabout layouts allow for convenient and 

safe pedestrian and vehicle access on the ring road. 

Figures 7 and 8 display the configuration of roundabouts 

1 and 2 respectively. To reinstate the connection with 

local roads, two level junctions (N1 and N2, in Figure 5) 

have been designed. The junctions, as they have been 

designed and simulated in the 3D/BIM model, are 

illustrated in Figures 9 and 10 respectively.  

Horizontal and vertical signage has been designed and 

installed along the entire length of the road to guide the 

drivers and effectively regulate the traffic. An indicative 

case is shown in Figure 11 for roundabout 2. 

 

 

Figure 5: 3D/BIM model of the ring road 

 

 

 

Figure 6: Cross section of pavement layers 



 

 

 

Figure 7: Visualization of roundabout 1 

 

 

 

Figure 8: Visualization of roundabout 2 

 

 

 

Figure 9: Visualization of road junction N1 

 

 

 

Figure 10: Visualization of road junction N2 

 

 

 

 

 

 

Figure 11: Horizontal marking and vertical signs at roundabout 

2 

 

Further, road lighting design has been performed through 

the 3D/BIM model, which pointed that a total of 51 

luminaires of 150-Watt power and 16,100 lumen 

luminous flux are required to be installed. Figure 12 

indicatively presents the electric lighting scheme at the 

roundabout 2 zone. 

 

 



 

 

Figure 12: Electric lighting system in roundabout 2. 

 

Analyses and cost estimation of the project have been 

carried out through the I-BIM model. The estimates can 

be either for single elements or groups of elements of the 

project. As an example, the costs for signs and for railings 

are presented in Tables 1 and 2 respectively, as reported 

by the software. Similar tables have been developed for 

all project components. Considering typical unit cost 

values for Greece, a total cost of 2.32 million € has been 

estimated for the whole project construction. 

 

Discussion and Conclusions 

This study describes the potential and advantages of BIM 

technology in the design of large infrastructure projects, 

in this case the ring road of Nemea city in Greece. 

Opposite to the common belief that BIM technology is 

mainly applicable to buildings, it can be proven to be 

equally applicable to infrastructure projects. In this work, 

I-BIM simulation is particularly effective as it combines 

parametric 3D simulation and high-level information 

codification to create a virtual digital model of the project, 

the 3D/BIM multi-level model, the use of which highly 

improves the processing, design, planning and 

management of the project construction and operation.  

The importance of using BIM technologies is 

undoubtedly related to participant coordination and 

information sharing, the identification and resolving of 

conflicts at early stage or the evaluation of alternative 

design solutions. These aspects of BIM tools are rather 

well known and not widely discussed in this paper. The 

main goal of this work is to dig into the details of a road 

infrastructure project and explore whether BIM software 

can represent them in an integrated way for the design, 

construction, operation, maintenance, and management to 

increase interoperability. In addition, the difficulties and 

barriers in developing the I-BIM model of a project with 

“irregular” components and in aligning the different 

elements with each other and with the longitudinal land 

terrain are explored. 

The work outcomes indicate that the project design 

through Revit (or any other BIM software) is feasible to a 

high detail, increasing interoperability and allowing all 

designers to have access to updated project plans at any 

time and to work collaboratively, thus significantly 

reducing effort and errors in design. In addition, the 4D 

and 5D representation of the project, through the time and 

cost showcase, provides aforehand information on the 

expected project progress and cost evolution and 

enhances decision-making and stakeholder 

communication during construction, leading to higher 

quality at lower cost. 

 

Table 1: Cost estimate for signs 

 

 

 

Table 2: Cost estimate for railings 

 



Unlike typical building design, in which components are 

of “regular” (e.g., rectangular) shapes, infrastructure 

project design presents extensive challenges in terms of 

irregular component shapes, material and manufacturer 

specificities, and component alignment needs within an 

integrated design. For example, pavement layers need to 

be aligned among them and along the road sections (e.g., 

joins at main road and entrance/exit sections or road 

approaches and roundabouts). Conflict resolution needs 

also to be addressed in reference to the road design 

adjustment to landscape, the incorporation of drainage 

system, the pavement cross-section design at curved parts 

of the road, based on large-truck trajectory analysis, etc. 

The BIM-software database often needs to be enhanced 

with specific road design elements and potential vendor 

information, e.g., horizontal and vertical signage, 

lighting, vegetation and plantation, etc. 

In the present work, the design dives into greater detail, in 

comparison to previous works, indicating the feasibility 

potential of such a design. However, some limitations 

should be expected in practical applications. A main 

difficulty refers to the exact fitting of the road to the 

landscape, which is mainly due to the inaccuracies or 

approximations in the digital representation of this 

landscape. Another challenge is related to the effective 

placement of overlapping layers of components that are 

curved and inclined in the longitudinal and transverse 

directions (e.g., pavement layers). This can be done by 

considering smaller sections of uniform shape, which are 

then aligned at their joins and integrated to the full model. 

The I-BIM technology can be successfully used in the 

design and management of large-scale infrastructure 

projects. In road projects, in particular, the design can 

improve traffic flow and safety as well as contribute to 

drainage, signage, lighting, and aesthetic upgrading. The 

use of BIM technology in large infrastructure projects 

reduces the effort required during design and 

construction, while offering effective tools to manage cost 

and completion time, to reduce waste, and to improve 

construction quality performance. 
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Appendix: Layers in the 3D/VIM model (design 

phases) 

 

 

 

 

 

 

 

 


