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Abstract. The transition of road projects from a purely geometric, two-dimensional or three-dimensional configura-
tion to one rich in information for sustainability-oriented management requires a multi-dimensional approach, i.e., 
exploiting the full potential of Building Information Modelling methodology. This work proposes an AI-backed BIM 
workflow which, by adopting the solutions offered by an AI agent, integrates Python scripts to automate analyses and 
calculations related to time-, cost-, and sustainability-related assessments. The methodology was validated on a case 
study of a suburban infrastructure, involving a road intersection and a hydraulic underpass. The IT tools used are those 
specified in the tender documentation, in particular Autodesk Civil 3D, Revit, and Navisworks software. In this envi-
ronment, Dynamo was used to insert Python scripts into an environment that supports visual programming language. 
The result is models exported in open IFC 4.3 format. The approach adopted suggests that AI can be successfully ex-
ploited to increase automation levels in BIM processes. This leads to a reduction in human error, shorter timescales, 
and therefore lower costs, thanks to the acceleration of iterative processes and the reduction of repetitive tasks. Its 
application to computations and analyses supporting cost calculation, scheduling construction and work phases, and 
calculation of carbon footprint as an index of sustainability opens up to increasingly relevant uses in terms of environ-
mental sustainability and project quality. The results suggest that the integration of AI, visual and textual programming 
methods, and established BIM-Authoring software can lead to innovative sustainability techniques and digital twin 
approaches in infrastructure management.
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1. Introduction

Building Information Modeling (BIM) enables digital 
processes optimization across the entire civil project life 
cycle (buildingSMART, n.d.). BIM has become increas-
ingly popular as a tool in the construction industry (Xu 
et al., 2014) and integrates multi-disciplinary data, such 
as architectural, structural, mechanical context (Kunz 
& Fischer, 2020 for design support, management, and 
maintenance (Bryde et al., 2013; Zou et al., 2017; Love 
et al., 2013). 

Moreover, BIM methodology is developing in vari-
ous applications, as into linear infrastructures, where 
the terminology is modified in Infrastructure-BIM 
(I-BIM) (Cheng et  al., 2016; McGraw-Hill Construc-
tion, 2012; Abbondati et al., 2020; Intignano et al., 2025). 
BIM is supported by open data formats, as the Industry 

Foundation Classes (IFC), developed by buildingSMART 
International (bSI) (Ribeiro Antunes et  al., 2024). The 
last IFC version, IFC 4.3, is dedicated to linear infra-
structures and enhances interoperability, one of the key 
issues for exchanging data, by improving descriptive ca-
pabilities of I-BIM models (Yu et al., 2023). 

The building information model of an asset serves 
as its graphical representation and information database, 
thus constituting a multidimensional model covering ge-
ometry (3D), time or scheduling (4D), costs estimation 
(5D), sustainability (6D), maintenance and governance 
(7D). 

Therefore, this paper deals with optimized infra-
structure modeling, structuring a dynamic mehodology, 
including BIM dimensions and data interoperability. 
The methodology presented, can be integrated develop-
ing a semi-automated workflow enhanced by Artificial 
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Intelligence (AI), with AI agent support into Visual Pro-
grmmaing Language (VPL). AI is a technology that is de-
veloping a pivotal role in contemporary research and tech-
nical development, by boosting automation and data-driven 
decision-making processes. By using a specific branch of 
AI, the large language models (LLMs), AI agents can be 
leveraged to support in building design, planning, and 
modeling (Yu et al., 2023; Zhou et al., 2024). 

Thus, this works provides AI agent implementation, for 
producing generative AI through Dynamo scripts into BIM 
digital processes. For an efficient agent’s implementation, 
LLMs require a specific and well-structured data training 
process. In this case, AI agent is configured with rules and 
instructions that enable it to be an expert in generating Dy-
namo scripts by Python language.

In the most recent research, BIM is integrated with 
Visual Programming Language (VPL) in Dynamo platform 
through AI systems for automating digital processes (El-
ghaish et al., 2022), 3D parametric modeling, and structural 
design optimization (Cascone & Sangiorgio, 2025).

Moreover, AI and BIM through the results application 
prove real benefits in several themes such as model detail-
ing (Saad et al., 2024), time and cost analysis, sustainabil-
ity and design coordination phases (Liu et al., 2023), and 
lifecycle integration (Elmousalami et al., 2025; Rane et al., 
2023; Ahmadpanah et al., 2023). 

Therefore, AI applied through AI agents develops Py-
thon code with VPL enables a dynamic and powerful work-
flow, as well as a sustainable one, reducing project comple-
tion times and streamlining the process with optimized 
calculation scripts.

2. Methodology and case study overview

This case study focuses on hydraulic and road infrastruc-
ture design using Autodesk platforms, i.e. Civil 3D, Dy-
namo, and Navisworks, and LLM, to boost automation 
and helping into digital processes. At first it is created a 
3D infrastructure model linked to a Digital Terrain Model 
(DTM), designing horizontal and vertical alignments fol-
lowing engineering standards. The result is a combined 
infrastructure with roads, pipelines and canals. By the 3D 

model the checking phase for clash detection is conducted. 
Moreover, with this research a more powerful com-

putational method is achieved by AI agents connected to 
Dynamo into Civil 3D 2024. AI chatbot is realized for pro-
gramming Python codes for Dynamo.

This agent is set up using LangChain for prompts, 
Gradio for the interface and Ollama for running a local 
model which realizes specific codes. LangChain, in par-
ticular, is designed to build intelligent AI agents rather 
than simple chatbots. It enables the connection of LLMs 
to external tools such as files, databases, APIs, the web, 
and computational utilities. It also allows the creation 
of agents and the structuring of the reasoning process 
to be executed. In practice, with LangChain the model 
is able to reason and act. Ollama makes it possible to 
assess models in an offline environment, without relying 
on OpenAI or external APIs. 

While Gradio provides a fast and efficient way to cre-
ate web-based interfaces for interacting with the agent via 
a browser. It allows users to upload files and to visualize 
outputs in a clear and interactive manner. The user submits 
a Dynamo script through the agent’s chat interface. After 
executing the script, the agent provides a response in natu-
ral language, and a dedicated Python script is generated to 
process and manipulate the Dynamo file accordingly.

The main goal is training an AI agent with Dynamo 
scripts examples to ensure a correct Python code useful 
for .dyn files realization. This reduces time for learning in 
depth how to use Visual Programming Language (VPL) 
that automates digital process. Agent’s skills give, through a 
final report, model-based analysis, earthwork volume calcu-
lation, length of road alignment, road pavement layers cost 
analysis and emissions evaluation.

This approach makes the process more sustainable, 
so during digital design, BIM software users can modify 
geometric and parametric 3D infrastructure in function of 
chatbot global analysis model.

The result is an infrastructure 3D model, clash de-
tection test, script computation, and AI chatbot which 
enhances workflow, avoiding issues, and more support 
for decision-making process.

Figure 1 shows the workflow adopted in this study. 

Figure 1. Methodology phases
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2.1. Infrastructure modeling

The case study was conducted in the Tuscan country-
side, near the city of Florence. The project involved two 
intersected suburban roads, along with an underground 
drainage system. For starting geometric design, the DTM 
was generated using satellite imagery in Autodesk In-
fraWorks through Model Builder function, employing 
the georeferenced coordinate system for Italy “UTM 32N 
with Europe 1950 datum, W of 12 deg E” (see Figure 2).

Figure 2. Digital Terrain model

The road geometry is developed using Autodesk Civil 
3D following Italian road design standards. The project 
includes primary and secondary alignments defined ac-
cording to coherent design parameters. After the hori-
zontal and vertical profile, the corridor is created includ-
ing pavement layers, with wearing course, binder, base 
and subbase, and shoulders, lateral slopes, and drainage 
elements (see Figure 3).

Figure 3. Geometric model

2.2. IFC data extraction

After geometric design in Civil 3D, the project is con-
verted into the Industry Foundation Classes (IFC) open 
format 4.3 to ensure data interoperability. The IFC sche-
ma facilities secure transfer and data exchange across 
different platforms. In this case study, the infrastructure 
model is exported by Civil 3D to open IFC file into Au-
todesk Navisworks platform.

2.3. Clash detection, 3D model check and 4D 
analysis

Clash Detection analysis was conducted on Autodesk 
Navisworks platform to verify interferences among geo-
metric elements. Initially there was a significant conflict 
between the top of the box girder and the pavement 
layers. Consequently, the design was revised to resolve 
the conflict with the roadway for reducing earthworks. 

The solution limits excavation volumes and ensures road 
structural continuity (see Figure 4).

Figure 4. Geometric model

Subsequently the 4D BIM simulation is conducted 
in Navisworks, where building activity was connected to 
schedule and plan of each element. This provides a visu-
alization of construction progress along the alignment 
and detects potential spatial conflicts among teams and 
equipment (see Figure 5).

Figure 5. 4D simulation

The infrastructure works scheduling required first to 
organize modeled elements into categories in order to 
build sub-phases. Therefore, the main and the secondary 
alignments were segmented into 100-meter sections. The 
planning consisted of establishing a direct correspond-
ence between individual construction activities and the 
3D solids generated in Civil 3D.

2.4. 5D, 6D and 7D simulations

For each pavement layer, the corresponding material vol-
umes can be automatically computed through dedicated 
Dynamo scripts (see Figure 6) and subsequently associ-
ated with unit costs (see Figure 7).

The workflow starts by referencing the active Civil 
3D document and the related corridor model, which 
is generated from defined baselines and cross-sections. 
During the design phase, Dynamo scripts were employed 
to extract the solids representing the pavement layers 
within the road corridor. For each extracted solid, mate-
rial volumes were calculated and pavement costs were 
estimated by linking quantities to official unit prices, ex-
pressed per cubic meter (m³), according to the relevant 
price list for each layer.

This approach provides a dynamic and responsive 
cost-estimation solution, as it enables automatic updat-
ing of quantity take-offs and cost results in response to 
any geometric modification of the corridor. Further-
more, it offers a straightforward method for isolating 
and evaluating specific portions of the infrastructure 
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(e.g., left-side layers only), thereby improving control 
over the final cost assessment.

Figure 6. Graph on material volumes calculation

Figure 7. Graph on unit costs

The 7D BIM simulation is implemented through an 
automated calculation framework aimed at supporting 
the selection of optimal paving materials and extending 
the life cycle of the pavement superstructure, thereby 
mitigating the aging effects affecting pavement layers 
over time. 

This approach is also closely related to the 6D BIM 
dimension, where sustainability-driven criteria enable 
the evaluation of alternative solutions with the objective 
of reducing environmental impacts while considering 
both material properties and associated costs.

2.5. AI Agent

The AI agent represents a key enabling technology for 
automating the workflow proposed in this study, sup-
porting the decision-making process, as well as volume 
estimation, cost analysis, and sustainability assessment. 
The agent is implemented as an AI chatbot based on a 
Large Language Model (LLM). This constitutes a ma-
chine learning application in which the LLM is employed 
as a conversational agent capable of learning from input 
information and providing explanations to the user in 
natural language through a text-based interface.

In this research, the AI agent was developed using 
LangChain for reasoning and orchestration, Gradio to 
provide a user-friendly chatbot interface, and Ollama 
to run the language model locally. These tools form the 
software stack required to implement an expert agent 
in the Python programming language, enabling the sys-
tem to generate correct and functional algorithms when 
needed.

Since Python is a core requirement within the Dy-
namo environment, the AI agent was trained using 
a dataset of .dyn files, enabling it to generate custom 
scripts. The workflow produces outputs that support the 
user throughout the project by providing pre-configured, 
ready-to-use Dynamo scripts. These scripts require only 

the connection of nodes to the corresponding geometric 
elements within the project file.

The proposed agent is based on open-source tech-
nologies and can therefore be distributed and published. 
For the initial configuration, the chatbot is launched via 
a Windows PowerShell command.

To set up the container hosting all components re-
quired for correct agent operation, a main project folder 
must be created and organized into dedicated subfold-
ers. One subfolder stores the input files used to train the 
model, another contains the Python script (.py) defining 
the agent logic and instructions, and a third subfolder is 
reserved for the output files, namely the generated Dy-
namo scripts (.dyn) (see Figure 8).

Figure 8. .py file coding for training agent

It is important to indicate the correct denomination of 
folders and files that will be recalled by the agent when it 
works while user accesses commands prompt. After some 
procedural steps on Windows Power Shell an access URL to 
the agent web interface is generated (see Figure 9).

Figure 9. URL access to AI agent through  
Windows Power Shell

Upon successful access, specific requests may be sub-
mitted in the chat interface. In this case it is required 
to create Dynamo scripts for extracting volumes from 
geometric elements, unit cost and total volume of each 
material pavement.

Therefore, the process for developing the LLM is il-
lustrated below (see Figure 10).
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Figure 10. AI Agent realization framework

Finally, the project can be exported through the IFC 
4.3 Extension for Autodesk Civil 3D application to com-
plete the BIM workflow.

3. Conclusions

This paper describes a semi-automated workflow devel-
oped in accordance with the I-BIM methodology. The 
proposed approach aims to implement a streamlined 
digital process by combining BIM platforms with AI 
integration. The workflow can be considered standard-
ized, as it follows the main phases of the infrastructure 
digital process, and is further enhanced through the ap-
plication of LLMs, specifically via a Python program-
mer agent.

The digital process begins with (DTM) extraction, 
followed by the geometric design phase, which is applied 
to the modelling of an infrastructure project located in 
the Tuscany region. Interoperability is ensured by ex-
porting the project into the IFC open standard format. 
Subsequently, a clash detection analysis is performed and 
can be successfully completed after the validation of the 
3D model.

In addition, a 4D simulation is carried out using Au-
todesk Navisworks, enabling the scheduling of construc-
tion activities for each geometric element. 5D, 6D, and 
7D simulations are instead managed through algorithms 
developed in Dynamo, supported by the proposed AI 
agent.

Furthermore, through the LLM-based Python pro-
grammer agent, the user is assisted during the 5D, 6D, 
and 7D stages, resulting in a more efficient and enhanced 
workflow. The developed technology allows users to di-
rectly access and use .dyn scripts for infrastructure de-
sign tasks, such as volume calculation, cost estimation of 
road pavement materials, and sustainability assessment.

Overall, the results demonstrate a standardized 
workflow based on Autodesk platforms, while also pro-
viding an innovative enhancement through AI integra-
tion within Dynamo. The agent is trained to generate 
.dyn scripts, and, based on the provided input files, it can 
read, simplify, modify, and produce ready-to-use Dyna-
mo workflows. This approach particularly benefits users 
with limited experience in Dynamo, reducing manual 
effort and significantly saving time.

However, the proposed framework currently rep-
resents only a semi-automated implementation of the 
digital process, and further improvements may enable a 
higher level of automation. At present, no solution has 
been developed to allow the agent to operate fully auton-
omously inside the Dynamo environment, independently 
generating custom scripts without user guidance. Finally, 
it is important to highlight that developing such an agent 
is not a trivial task, as it requires advanced programming 
expertise and strong organizational capabilities to prop-
erly structure and train the model. Nevertheless, once 
implemented, the agent enables a substantial acceleration 
in the production and compilation of Dynamo scripts.
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