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Abstract. Transportation infrastructure projects have revolutionized their 
design processes with digital design platforms, which enable more accurate 
design, data-driven modeling, and more collaborative multidisciplinary 
efforts. Bentley's OpenRoads Designer and Autodesk Civil 3D are popular 
civil infrastructure modeling tools for highway design. Although they are 
widely used in professional practice, there are currently no systematic 
comparisons of these platforms for the design of highway infrastructure. The 
purpose of this study is to compare the two programs, OpenRoads Designer 
and Civil 3D, with respect to their use of modern roadway design 
applications. A second case study of an identical highway corridor was 
developed independently for the two software programs for comparison. The 
computational parameters, geometric design standards, and standardized 
input data were employed to remove the input bias and to ensure the 
consistency. The modeling efficiency, geometric design capability, 
propagation of design changes and updates, data administration and 
interoperability, and output with quantity estimation were the focus of the 
evaluation framework. The objective study was done based on quantitative 
criteria such as quantity consistency and design time, and qualitative criteria 
such as process complexity and usability. With the shorter learning curve 
and increased design flexibility when creating geometry, it would appear 
that Civil 3D can be used for both small to medium transport projects and 
CAD driven workflows. Reliable performance of stability and update 
propagation in the corridor was limited by a complex and iterative design 
process. Large-scale, BIM-oriented highway infrastructure projects, 
however, showed a different story when it comes to the accuracy of quantity 
estimates, automatic design updates and parametric corridor modeling with 
OpenRoads Designer. Open Roads' model-centric and rule-based approach 
decreased human involvement and improved design dependability. The 
results indicate that the software used to design transportation infrastructure 
should be selected according to the scale and complexity of projects, as well 
as organization processes, rather than familiarity with the software itself. 
This comprehensive comparative analysis of two leading roadway design 
software packages offers infrastructure practitioners and engineers valuable 
insights. Thus, it aids digital highway engineering decision-making. 
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1. Introduction 
Highway infrastructure is an essential part of civil engineering, and it is essential to integrate 
various data types together in a coherent, efficient, and accurate manner. CAD and BIM 
methods are increasingly being used to replace manual drawing in the construction industry, 
which is becoming more complex by the day, in order to reduce design time, improve 
accuracy, and foster collaboration among project stakeholders [1]. Autodesk's Civil 3D and 
OpenRoads Designer from Bentley offer numerous applications to highway professionals in 
geometric design and extensive documentation of the transportation industry [2]. OpenRoads 
Designer is a complete solution to model civil infrastructure that integrates roadway design, 
subsurface utility modeling, drainage and survey all within a single parametric model. 
Context-aware 3D models are created in the program using its data-centric modeling 
capabilities, which can accurately represent reality, from concept and idea generation through 
construction delivery and asset management during the asset's lifecycle [3-4]. It provides 
superior corridor modeling, topographical analysis and design rule checking for large and 
complex highway projects, while replacing multiple previous Bentley products like InRoads, 
GEOPAK, MX and PowerCivil [5-6]. The popular AutoCAD platform is improved with 
Autodesk Civil 3D, which adds dynamic civil engineering entities and advanced model-based 
workflows to the standard drawing capabilities. With the help of Civil 3D, engineers may 
automate plan creation, evaluate several design scenarios, and create project-specific, 
thorough design documentation via corridor modeling using alignments, profiles, assemblies, 
and surface analysis [7]. Seamless integration with other Autodesk products like Revit and 
InfraWorks simplifies transportation infrastructure BIM workflows and improves cross-
disciplinary collaboration for design. The ultimate goal of both software is the same, to 
improve the efficiency and productivity of highway design, but they differ significantly in 
their concepts and principles [8-10]. Civil 3D's corridor engine, built around adaptation and 
flexibility in a CAD-based world, would be a good fit for organizations with an understanding 
of AutoCAD operations. In contrast, OpenRoads takes a model-first approach and focuses 
heavily on template based design to drive consistency and scalability, and support large scale 
infrastructure projects and highway corridors. From design to performance in challenging 
applications, project data management and interoperability, these differences affect them [11-
12]. 
Although many platforms are in use, their practical implications in their choice have not been 
the focus of many comparative studies. Although no direct comparison has been carried out 
for specific technologies for the design of highway projects, the literature that exists about 
the use of building information modeling (BIM) in infrastructure design points to the 
increasing significance of integrated digital models in civil engineering [13-16]. Analytical 
assessment is thus needed to compare the merits of popular design platforms in the context 
of the requirements of practical highway engineering. Understanding the capabilities of 
OpenRoads and Civil 3D is crucial for infrastructure designers aiming to streamline their 
workflows, maintain software compatibility, and match software choices to project 
complexity and organizational requirements. This comparative analysis of selected 
functional areas, such as geometric design, corridor model, data management and BIM 
integration is an attempt to address this gap in knowledge and offer significant insights to 
highway infrastructure design practitioners, researchers and decision makers. 
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2. Methodology 
This study is based on a specific methodology to assess the traffic congestion and delay in 
the signal phase with respect to the critical signalized intersections in Mumbai City. These 
methods involve collecting data on the spot, analysing traffic performance and assessing 
results based on standard traffic engineering metrics. The detailed methodology is presented 
in a step by step manner starting from the selection of the study field, data collection, 
processing and analysis of the performance. 

2.1 Research Design and Approach 

The comparative analytical research technique is used to evaluate OpenRoads Designer and 
Autodesk Civil 3D for highway infrastructure design applications in order to fully evaluate 
the two products. This method involves providing two different software platforms with the 
same design task to ensure technical rigor, repeatability and impartiality [17]. Some of the 
most critical factors to consider when selecting a software solution for highway engineering 
projects are: function, workflow efficiency, and output reliability. The comparative approach 
can be used for the direct assessment of all three. Both quantitative and qualitative assessment 
approaches are adopted to record measurable performance indicators and practicability 
aspects that are faced during design. 

2.2 Case Study Selection and Design Scope 

This case study was intended to illustrate some typical real-world highway design needs for 
a model project containing a highway section. The design work was carried out in order to 
make the horizontal alignment, design the vertical profile, generate cross-sections, model the 
corridors and the quantities were calculated [18]. The use of features such as superelevation 
management, transitions by template, and dynamic model changes may be considered based 
on the project time, topographical characteristics and geometric complexity. As a result, the 
platforms were tested in real-life design scenarios, as opposed to only functionality testing, 
which were relevant to professional practice 

2.3 Input Data Preparation and Standardization 

All design inputs were standardized to ensure consistency and reduce bias from the inputs to 
the software. Information such as digital elevation models, topographical survey data, design 
speed, lane configuration, shoulder width, and applicable highway geometric standards were 
used as inputs [19]. The same files and coordinate systems were used for both OpenRoads 
and Civil 3D. To avoid any loss of accuracy, all data conversions were thoroughly checked. 
This uniformity allowed only changes in the process and software to be attributed to changes 
in results. 

2.4 Software Environment and Computational Setup 

The latest stable version of OpenRoads Designer and Autodesk Civil 3D were used in the 
course of the research. To eliminate differences in performance due to hardware restrictions, 
identical hardware setups were used for both software systems. All the way through the 
design process, the system specs—including the memory capacity, graphics processing 
capabilities, and CPU speed—stayed the same. The basic settings of the program were left 
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unchanged, except where changes had to be made to follow the accepted principles of 
highway design. 

2.5 Highway Design Workflow Execution 

The highway design process was automatically performed in each of the software platforms 
according to each of their respective procedures. The Civil 3D process utilized an object-
based modeling approach and involved corridors, profiles, assemblies and alignments. 
Templates, civil cells, and parametric corridor modeling were all part of OpenRoads 
Designer's model-centric methodology, on the other hand. For implementation, the same 
super elevation criteria, pavement composition and durations were used throughout. To test 
the responsiveness and adaptability of the model in both settings, deliberate modification of 
the model was planned. 

2.6 Evaluation Criteria and Performance Indicators 

Geometric design competence, corridor modeling efficacy, data management and 
interoperability, and output generating quality made up the systematic framework that the 
performance evaluation followed. Geometric design competence was evaluated through 
features such as alignment, the flexibility of profiles and conformance to design standards. 
Model stability, easy template application, and update propagation during design alterations 
were the focuses of efficient corridor modeling. Efficiency in processing files, compatibility 
with external formats, and model integrity were the main areas of attention while evaluating 
data management and interoperability. The output quality was a result of the accuracy of the 
drawings, consistency of the cross-sections and the reliability of the amount take-off results. 

2.7 Data Collection and Measurement Methods 

During the course of the design process, both quantitative and qualitative data were 
collected. All the measures were quantitative: total design time, number of times manual 
changes were needed, number of differences in the results of the quantity estimates. 
Qualitative observations of aspects of user experience, including learning curve, interface 
intuitiveness and process complexity were recorded and assessed. In order to make 
transparency and repeatability, we recorded every design iteration and observation. 

2.8 Comparative Analysis and Result Validation 

We carefully compared the data from OpenRoads and Civil 3D using tables and graphs. 
Geometric parts and amounts were compared to ensure that they were correct and uniform. 
To understand the pros and cons of software, we analysed their performances. The 
comparative analysis reveals that each platform is most suitable for different types of 
highway projects, depending on the size and complexity of the project, and the organizational 
needs. 
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3. Result And Discussion 

 

 
Fig. 1 - Geometric Design Capability Comparison 

This polar graph illustrates the comparative strengths of OpenRoads and Civil 3D in four key 
areas: Alignment Control, Profile Flexibility, Superelevation Control, and Design 
Consistency. When it comes to changing alignments and profiles, Civil 3D is very flexible, 
demonstrating it is a CAD program. OpenRoads performs better in terms of design 
consistency and superelevation control as it has a rule-based, parametric modeling 
framework. As can be seen in the picture, OpenRoads is more effective in maintaining the 
geometric integrity in complex conditions of road design. 

 
Fig. 2 - Corridor Modeling Performance 

The bar chart shows the effectiveness of various modeling methods for the corridors in terms 
of stability, velocity of updating and potential for growth. OpenRoads surpasses Civil 3D in 
all three aspects; yet, model stability and scalability are crucial for extensive highway 
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corridors. Civil 3D functions well; nonetheless, it struggles with frequent design 
modifications, resulting in prolonged rebuilding times. The results indicate that OpenRoads 
is an excellent option for large-scale roadway projects using BIM. 

 
Fig. 3 - Design Modification and Update Propagation 

This line graph shows how long it takes to change the design components throughout the 
design iterations. The fact that it takes longer to update Civil 3D as design iterations go on 
shows that there is more and more human involvement. But OpenRoads keeps growing at a 
pace that is almost linear and steady, which indicates how successfully automated updates to 
the design are being shared. This shows how effectively OpenRoads works with iterative 
design processes, especially in the latter phases of the design lifecycle. 

 
Fig. 4 - Data Management and Interoperability 

The horizontal bar chart illustrates the efficacy of data management in terms of 
interoperability, file stability, and the handling of large datasets. Civil 3D excels in 
interoperability because to its seamless integration with other Autodesk products. However, 
OpenRoads is also very good at maintaining file stability and handling large amounts of data 

6

EPJ Web of Conferences 376, 05001 (2026)	 https://doi.org/10.1051/epjconf/202637605001
ICRAMEN 2026



corridors. Civil 3D functions well; nonetheless, it struggles with frequent design 
modifications, resulting in prolonged rebuilding times. The results indicate that OpenRoads 
is an excellent option for large-scale roadway projects using BIM. 

 
Fig. 3 - Design Modification and Update Propagation 

This line graph shows how long it takes to change the design components throughout the 
design iterations. The fact that it takes longer to update Civil 3D as design iterations go on 
shows that there is more and more human involvement. But OpenRoads keeps growing at a 
pace that is almost linear and steady, which indicates how successfully automated updates to 
the design are being shared. This shows how effectively OpenRoads works with iterative 
design processes, especially in the latter phases of the design lifecycle. 

 
Fig. 4 - Data Management and Interoperability 

The horizontal bar chart illustrates the efficacy of data management in terms of 
interoperability, file stability, and the handling of large datasets. Civil 3D excels in 
interoperability because to its seamless integration with other Autodesk products. However, 
OpenRoads is also very good at maintaining file stability and handling large amounts of data 

efficiently, all important things for modelling the highway infrastructure at the corridor level. 
The findings show that the technologies employed should be compatible with the project's 
size and the software ecosystems within your organization. 

 
Fig. 5 - Quantity Estimation Consistency 

The scatter plot is provided for you to view the consistency of the quantity estimate for 
many different parts of the corridor. There is a noticeable amount of difference in the quantity 
outputs of Civil 3D, particularly when changes have been made to the design. With the data 
packed tightly in OpenRoads, it appears that the 3D data model and the quantity report are 
more stable and aligned. A major factor, in this connection, is the homogeneity of this type 
of highway construction project, especially in the field of cost estimation and construction 
planning. 

4. Conclusion 
This study was a comprehensive analytical comparison of the appropriateness of OpenRoads 
Designer and Autodesk Civil 3D for highway infrastructure design. The evaluation involved 
a systematic approach with the areas of geometric design competency, corridor modelling 
effectiveness, design modifications effectiveness, data administration, interoperability and 
output reliability. This is a wealth of information for us on the strengths and weaknesses of 
each platform with respect to road planning in the real world. The results reveal that Civil 3D 
is more flexible and user friendly in the initial design of a road's geometry and is easier to 
use by the users who are familiar with AutoCAD. It is well-integrated with other Autodesk 
products and is ideal for small to medium-scale road projects where there is a need to draft 
fast, and models must be created quickly. Nevertheless, there were constraints when a design 
is extensively changed or changed many times, with respect to the stability of the corridor, 
propagation of design updates, and consistency of quantity of the design. On the other hand, 
OpenRoads Designer was found better in the parametric modeling of corridors, maintaining 
design consistency and propagation of the design updates automatically. By using a model-
centric and rules based approach, people were less likely to need to modify the design and 
the amount estimate results were more reliable. OpenRoads excels in large highway 
corridors, infrastructure environments, where BIM is required and where data quality and 
lifecycle management is critical. Comparative research reveals that the decision of software 
should not be made just on the basis of the features that are available, but on the scale of the 
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project, design complexity and the requirements of the organization's workflow. Civil 3D is 
a good tool for regular highway projects, but OpenRoads is a better approach to manage 
complex, data-driven highway infrastructure plans. The research assists individuals to make 
informed decisions regarding the development of digital highways and provides an organized 
mechanism for engineers, researchers and infrastructure authorities to access information. 
Going forward, the work could be expanded with the integration of construction phase 
coordination, cost–benefit analysis, cloud-based collaboration, and lifetime asset 
management capabilities to provide a deeper understanding of the BIM-enabled design 
platforms for highways. 
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