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Abstract: Infrastructure forms the backbone of global 

economic development and, encompassing transportation 

networks, energy grids, and utility systems. These projects are 

inherently complex, capital-intensive, and politically sensitive, 

requiring meticulous planning and execution. Today, 

infrastructure projects have become complex pieces of 

engineering because it involves a series of challenges 

determined by large-scale complexity and activity scheduling 

of the projects. They require new technologies and tools to 

achieve maximum performance. One of such new technologies 

is building information modeling (BIM), which is becoming 

widely adopted in the civil engineering and infrastructure 

sector. BIM for infrastructure is an intelligent approach to 

infrastructure design projects that is driving compelling results 

in the construction industry. It is now recognized as an 

indispensable tool to undertake complex projects. This paper 

demonstrates how BIM is reshaping the lifecycle management 

of complex infrastructure projects. 
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I. INTRODUCTION 

Infrastructure plays a critical role in connecting a nation’s 

businesses, communities, and people. For example, ports, 

railroads, and highway systems allow for the efficient 

transportation of goods, people, and services. The construction 

and infrastructure sectors are undergoing a paradigm shift 

driven by digital transformation. Building information 

modeling (BIM) has emerged as a critical technology, moving 

beyond traditional 2D drafting to offer a comprehensive, 

multidimensional approach to infrastructure lifecycle 

management. It has become a transformative methodology in 

the Architecture, Engineering, and Construction (AEC) 

industry. It has revolutionized the AEC industry by shifting 

traditional 2D drafting toward intelligent, data-rich 3D 

modeling. While its initial adoption was predominantly in 

vertical construction (buildings), its application in horizontal 

construction—specifically civil infrastructure such as roads, 

bridges, railways, and tunnels—has grown significantly [1]. 

Infrastructure may be regarded as the essential facilities and 

services that the economic productivity of a community or 

organization depends on. It provides essential services to the 

public, including transportation structures (roads, bridges, 

tunnels, railways, airports, and seaports), energy and utility 

companies, communication entities, and social services such as 

education facilities and hospitals. The major infrastructure 

domains include transportation, energy, utility, recreational 

facilities, and water management. In the dynamic world of civil 

engineering and infrastructure development, one technology 

has been making significant inroads, promising greater 

efficiency, cost savings, and enhanced project management is 

building information modeling (BIM). BIM is not just limited 

to traditional building projects; it is equally transformative in 

the realm of infrastructure [2]. 

II. BACKGROUND ON BUILDING INFORMATION 

MODELING 

Building information modeling (BIM) is a digital 

representation of physical and functional characteristics of a 

facility. It is the holistic process of creating and managing 

information for a built asset. BIM is a digital representation of 

the physical and functional characteristics of a building or 

facility. The representation can be used to simulate the 

construction and operation of the facility, and to provide 

information for decision-making throughout the project 

lifecycle.  

 

Figure 1 A typical 3D model used in BIM [3]. 

 

Figure 2 Another example of 3D model used in BIM [4]. 

Building information models (BIMs) are computer files (often 

but not always in proprietary formats and containing 

proprietary data) which can be extracted, exchanged or 

networked to support decision-making regarding a built asset. 

The main objective of creating the models is to provide 

builders with all relevant information about the project in a 

digital format. BIM software (such as Revit, Microstation, 

Vectorworks, Infraworks, ArchiCAD, BIM 360, Formit, Civil 

https://en.wikipedia.org/wiki/Computer_files
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3D, GBS Tekla, etc.) allows the design team on a project to 

construct a 3D model that represents the one we intend to 

build. Two typical examples of 3D models used in BIM are 

presented in Figure 1 [3] and Figure 2 [4]. The BIM software is 

used by individuals, businesses and government agencies who 

plan, design, construct, operate and maintain buildings and 

diverse physical infrastructures, such as water, refuse, 

electricity, gas, communication utilities, roads, railways, 

bridges, ports and tunnels. The BIM concept envisages virtual 

construction of a facility prior to its actual physical 

construction, in order to reduce uncertainty, improve safety, 

work out problems, and simulate and analyze potential 

impacts. However, the use of BIM goes beyond the planning 

and design phase of a project, extending throughout the life 

cycle of the asset [5]. Figure 3 shows various components of 

BIM [6]. 

 

Figure 3 Various components of BIM [6].  

Though the ‘B’ in BIM stands for building, it covers all 

constructions in the AEC industry, from residential and 

industrial buildings to bridges and roads. The ‘I’ in BIM stands 

for information, referring to the integrated information within 

BIM models. This is its core concept - information, parameters, 

attributes, whatever we call it. The ‘M’ in BIM stands for 

modelling. BIM models are known to be condensed with data. 

Thus, BIM is not a type of software, but a holistic process for 

managing the building information. We use software and tools 

that aid the BIM process. BIM covers the entire cycle of the 

building, from design development to post-construction 

maintenance. It includes planning, designing, construction, and 

even operations [7]. 

 AEC professionals relied on manual drawings for decades 

until CAD came into existence. Traditional building design 

was largely reliant upon two-dimensional technical 

drawings (plans, elevations, sections, etc.). Building 

information modeling extends the three primary spatial 

dimensions (width, height and depth). The model can contain 

all the physical and functional characteristics of a project, 

including structure, geometry, aesthetics, materials, systems, 

and dynamic performance. A 3D model becomes 4D if a time 

component is added, and 5D when cost-related information is 

included. BIM enables a virtual information model to be shared 

by the design team (architects, landscape 

architects, surveyors, civil, structural and buildingservices engi

neers, etc.), the main contractor and subcontractors, and the 

owner/operator. It enables all the stakeholders to use the same 

shared 3D model, from architects to surveyors, engineers, 

contractors, to building owners. This allows everyone to have 

access to the relevant information at the right moment during 

the design and construction of a project. 

The concept of BIM has existed since the 1970s, when 

architects and engineers began to explore the use of computer-

aided design (CAD) software to create 3D models of buildings. 

The terms “Building Information Model” or “Building 

Information Management,” and “Building Information 

Modeling” did not become popularly used until some 10 years 

later. BIM only became an agreed term in the early 2000s. 

BIM has evolved over the past few decades from simple 2D 

drafting to sophisticated 3D modeling with rich data 

integration. Figure 4 shows early developments of BIM [8]. 

Today, BIM is an essential tool for the AEC industry. It is used 

throughout the entire project lifecycle, from design and 

construction to operation and maintenance. 

 

Figure 4 Early developments of BIM [7]. 

A comprehensive BIM modeling solution combines the major 

elements of building information modeling software, data 

repository, collaboration, analysis, visualization, and project 

management tools [4]. Different levels of BIM can be achieved 

for various types of projects. Below are brief descriptions of 

the levels [9]: 

Level 0 BIM: Paper-based drawings + zero collaboration 

Level 1 BIM: 2D construction drawings + some 3D modeling 

Level 2 BIM: Teams work in their own 3D models 

Level 3 BIM: Teams work with a shared 3D model  

Level 4 BIM: Incorporating time-related data into the BIM 

model 

Level 5 BIM: Integrating cost estimation and management 

within the BIM model 

Level 6 BIM: Including sustainability data 

Level 7 BIM: Used to manage and maintain facilities 

 Building information modeling (BIM) is a smart, model-based 

process that helps everyone involved in a building project — 

from architects and engineers to contractors and facility 

managers — work together using one shared digital model. 

BIM evolves through multiple dimensions [10]: 

• 3D: Geometric representation 

• 4D: Time scheduling 

• 5D: Cost estimation 

• 6D: Facility management information 

• 7D: Environmental and energy performance data 

This is illustrated in Figure 5 [11]. 

https://en.wikipedia.org/wiki/Building_design
https://en.wikipedia.org/wiki/Construction
https://en.wikipedia.org/wiki/Hard_infrastructure
https://www.novatr.com/blog/8-popular-bim-software
https://www.novatr.com/blog/8-popular-bim-software
https://en.wikipedia.org/wiki/Technical_drawings
https://en.wikipedia.org/wiki/Technical_drawings
https://en.wikipedia.org/wiki/Architect
https://en.wikipedia.org/wiki/Landscape_architect
https://en.wikipedia.org/wiki/Landscape_architect
https://en.wikipedia.org/wiki/Surveying
https://en.wikipedia.org/wiki/Civil_engineering
https://en.wikipedia.org/wiki/Structural_engineering
https://en.wikipedia.org/wiki/Building_services
https://en.wikipedia.org/wiki/Engineer
https://en.wikipedia.org/wiki/Engineer
https://en.wikipedia.org/wiki/General_contractor
https://en.wikipedia.org/wiki/Subcontractor
https://bigdataconstruction.com/history-of-bim/
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Figure 5 BIM evolves through multiple dimensions [11]. 

III. BIM IN INFRASTRUCTURE 

Infrastructure plays a pivotal role in a nation’s economic 

stability, social well-being, national security, and long-term 

sustainability. However, much of the world's infrastructure is 

aging, deteriorating, and struggling to meet the capacity 

demands of growing populations. In the United States, for 

example, the American Society of Civil Engineers (ASCE) has 

consistently rated national infrastructure as mediocre and 

inadequate, highlighting a multi-trillion-dollar funding gap. 

Traditional infrastructure design and construction processes, 

heavily reliant on fragmented, paper-based, or siloed 2D digital 

methods, often result in errors, omissions, and costly rework. 

To address these inefficiencies, building information modeling 

(BIM) has emerged as a transformative technological and 

procedural approach. BIM may be regarded as a digital 

representation of the physical and functional characteristics of 

a facility, serving as a shared knowledge resource for 

information about an asset throughout its lifecycle. While BIM 

has seen widespread success in vertical construction 

(buildings), its adaptation for horizontal infrastructure is 

revolutionizing how complex transportation, utility, and urban 

networks are planned, executed, and maintained. In 

infrastructure, 3D BIM provides a precise geometric 

representation of assets like highway alignments, bridge piers, 

or tunnel segments [1]. 

 Infrastructure projects differ significantly from building 

projects. They are typically linear, extending over vast 

geographic areas, and interact complexly with existing terrain, 

utilities, and environmental constraints. 6D BIM focuses on 

sustainability, energy analysis, and environmental impact. For 

infrastructure, this might involve analyzing the lifecycle carbon 

emissions of road paving materials, simulating water flow and 

flood risks, or optimizing the energy consumption of tunnel 

ventilation systems. By embedding sustainability intelligence 

early in the design phase, 6D BIM helps infrastructure projects 

meet environmental regulations and achieve long-term 

ecological goals [11]. 

IV. APPLICATIONS OF BIM IN 

INFRASTRUCTURE 

Building information modeling (BIM) is a multidimensional, 

digital representation of a project's physical and functional 

characteristics. It allows stakeholders to collaboratively design, 

construct, and operate projects more efficiently. BIM can be 

applied across the entire lifecycle of infrastructure projects to 

assist decision-makers and other key stakeholders. Common 

applications of BIM in infrastructure include the following 

[1,2,12,13]: 

• Facility Management: Perhaps the most critical 

dimension for the long-term viability of infrastructure 

is 7D BIM, which incorporates facility management 

and asset data. Infrastructure assets have lifespans 

spanning decades or even centuries. 7D BIM creates a 

structured, searchable database where every 

component (e.g., a specific bridge bearing or a pump 

in a water treatment plant) is linked to its maintenance 

schedule, warranty details, and operational history. 

This transitions the BIM model from a construction 

tool into a comprehensive digital twin for ongoing 

operations and maintenance. 

• Transportation Infrastructure: Transportation 

infrastructure is critical for connecting businesses, 

communities, and people to support a nation’s 

economy, security, and sustainability. Unfortunately, 

the existing transportation infrastructure in the United 

States is aging and deteriorating, resulting in 

inefficient travel, safety concerns, and increased costs 

to distribute goods and provide services. Roads and 

highways in the United States move nearly USD 17 

trillion of goods yearly. They also serve as a means to 

transport people to their destinations daily. In the 

United States, there are over 617,000 bridges, 45,000 

of which are considered structurally deficient. In road 

and highway design, BIM supports route 

optimization, traffic simulation, and geographic data 

integration. It allows engineers to model complex 

intersections and interchanges, ensuring safety and 

efficiency. Bridges represent one of the most mature 

areas of infrastructure BIM (BrIM). BIM ensures 

accurate structural detailing, facilitates the 

prefabrication of components, and provides a robust 

database for future structural health monitoring. By 

integrating sensor data with the BrIM model, 

authorities can monitor stress, strain, and deterioration 

in real-time. Figure 6 shows a typical transportation 

infrastructure [14]. 

• Rail Infrastructure: Railway projects are complex 

endeavors that involve numerous stakeholders, 

including engineers, architects, contractors, 

government agencies, and railway operators. BIM 

streamlines the entire project lifecycle by providing a 

centralized platform for collaboration and data 

management. Rail infrastructure received an adequate 

grade of “B” in the 2021 Report Card for America’s 

Infrastructure. However, there is still room for 

improvement for rail infrastructure in the United 

States. The primary recommendations of the ASCE 

with regard to rail infrastructure were to enhance 

safety, provide for capacity improvements, and 

improve economic competitiveness. An asset 

management system would aid this effort by 

supporting the identification, prioritization, and 

sourcing of funding for capital investment projects. 

Through the early identification, assessment, and 

maintenance of defects, railways can maintain their 

adequate infrastructure grade, extend the life of 

railways, reduce maintenance costs, and improve 

safety. Figure 7 shows a rail infrastructure [2]. 

• Road Infrastructure: The 2021 ASCE Infrastructure 

Report Card indicates that over 40% of the United 

States’ road and highway system are in poor or 

mediocre condition, and there is currently a USD 435 

billion backlog for repairing existing roads. The most 

immediate need, therefore, is to repair and maintain 
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existing roads to reduce this backlog. BIM for asset 

management provides the framework to identify and 

prioritize maintenance activities to extend the life of 

the nation’s roadways and costs less than 

reconstructing them after failure. Next-generation 

road networks can collide with existing underground 

and air infrastructure, such as water pipelines, gas 

pipelines, electricity grids, etc. Figure 8 shows a road 

infrastructure [2]. 

• Underground Construction: Underground 

infrastructure is inherently complex and fraught with 

geological uncertainties. BIM creates a digital twin of 

the tunnel, allowing teams to visualize the project 

from every angle before breaking ground. It aids in 

planning the logistics of tunnel boring machines, 

managing excavated materials, and coordinating the 

intricate mechanical, electrical, and plumbing (MEP) 

systems required for ventilation and safety. The 

design and construction process of tunnels involves 

considerable risks due to the high complexity of these 

works. The use of BIM provides a realistic 3D 

representation of the components involved in the 

construction of these structures, which allows to 

detect and mitigate inconsistencies even before the 

excavations. 

• Water Supply Networks: BIM is increasingly applied 

to water supply networks, wastewater treatment 

facilities, and electricity grids. By integrating BIM 

with geographic information systems (GIS), planners 

can overlay structural models onto topographical and 

spatial data. This BIM-GIS integration is crucial for 

optimizing pipeline layouts, simulating flood 

scenarios, and managing underground utilities across 

vast geographic areas. 

• Digital Twins: A digital twin is a dynamic, real-time 

virtual representation of a physical asset. By 

combining a static BIM model with live data feeds 

from IoT sensors embedded in the physical 

infrastructure, a digital twin is created. This allows 

operators to monitor structural health, traffic flows, or 

water pressure in real-time. For example, sensors on a 

bridge can transmit stress data back to the digital twin, 

alerting engineers to potential fatigue before a failure 

occurs, thereby shifting maintenance from a reactive 

to a predictive paradigm. 

• Engineering Analysis: Engineering analysis is a 

process in which modeling software is used to analyze 

and simulate performance to determine the most 

effective engineering method based on design 

specifications. It includes structural analysis, traffic 

flow analysis, and tunnel engineering. Engineering 

analysis using BIM automates the analysis process, 

reducing design duration and saving time and cost. 

Model data were converted to finite element modeling 

(FEM) software ABAQUS to perform structural 

calculations and analysis of asphalt pavement.  

• Emergency Management: Emergency management, 

also known as disaster planning, is a process where a 

model is used to provide emergency responders with 

critical information to improve the efficiency and 

effectiveness of the response and minimize risks to 

the first responders. BIM is used to provide realistic 

visualization of the emergency plan for better 

understanding and to support efficient emergency plan 

training processes for staff. 

 

 

Figure 6 A typical transportation infrastructure [14]. 

 

Figure 7 A rail infrastructure [2]. 

 

Figure 8 A road infrastructure [2]. 

V. BENEFITS 

The integration of BIM into infrastructure design and delivery 

offers a multitude of benefits across the project lifecycle, 

addressing many of the traditional inefficiencies of the AEC 

industry. Other benefits of BIM in infrastructure include the 

following [1]: 

• Enhanced Collaboration: BIM is not merely a 

software tool but a collaborative methodology. Large-

scale infrastructure projects involve numerous 

stakeholders, including government agencies, civil 

engineers, contractors, and environmental consultants. 

BIM provides a common data environment (CDE), 

acting as a single source of truth. This centralized 

platform breaks down information silos, ensuring that 

all parties have access to the most current data, 

thereby fostering interdisciplinary collaboration and 

reducing miscommunication. 

• Improved Accuracy: The precision of parametric 3D 

models significantly reduces design errors. Automated 

clash detection tools identify spatial conflicts between 

different disciplines—such as a structural bridge 

support interfering with a planned utility line—

allowing for resolution in the virtual environment 
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before physical construction commences. This 

proactive approach prevents costly on-site rework and 

material waste. 

• Data Integration: BIM can integrate with Geographic 

Information Systems (GIS) to incorporate 

geographical data, such as terrain, land use, and 

environmental factors. This integration ensures that 

railway projects are designed to be environmentally 

responsible and sustainable. 

• Efficient Project Management: Through 4D and 5D 

BIM, project managers can optimize schedules and 

budgets. The ability to simulate construction 

sequences helps in identifying logistical bottlenecks, 

while dynamic cost estimation ensures that financial 

resources are allocated efficiently. This leads to 

higher predictability in project delivery, a critical 

factor for publicly funded infrastructure. 

• Asset Management: Perhaps the most significant long-

term benefit of BIM is its utility during the operations 

and maintenance phase. By handing over a data-rich 

“as-built” model, owners and facility managers 

possess a comprehensive digital inventory of the 

asset. This information supports predictive 

maintenance strategies, reducing downtime and 

extending the functional life of critical infrastructure. 

• Government Mandates: The adoption of BIM in 

infrastructure is increasingly driven by government 

mandates, recognizing its potential to deliver better 

value for public funds. The United Kingdom has been 

a global leader, famously mandating “BIM Level 2” 

for all centrally procured public sector projects 

starting in 2016. This policy requires fully 

collaborative 3D BIM with electronic project and 

asset information, significantly driving industry-wide 

digitization. As global mandates tighten and the 

technology continues to evolve—integrating with AI 

and cloud computing—BIM will undoubtedly remain 

the cornerstone of resilient, efficient, and innovative 

infrastructure development for the 21st century. The 

trajectory of BIM in infrastructure is heavily 

influenced by government policy. Recognizing the 

efficiency and transparency benefits, governments 

worldwide are increasingly mandating BIM for public 

infrastructure projects. 

VI. CHALLENGES 

In spite of its proven benefits, the widespread adoption of BIM 

in the infrastructure sector faces several significant challenges. 

High initial costs for software and training, a shortage of 

skilled personnel, interoperability, and cultural resistance 

within traditional engineering companies are significant 

hurdles. Other challenges of BIM in infrastructure include the 

following [1]: 

• Interoperability: One of the most significant barriers 

to BIM adoption is the lack of seamless 

interoperability among the myriad software platforms 

used across different engineering disciplines. While 

open standards like Industry Foundation Classes (IFC) 

aim to facilitate data exchange, practical 

implementation often encounters data loss or 

formatting issues when transferring complex 

infrastructure models. Furthermore, the sheer volume 

of data generated by large-scale projects requires 

robust IT infrastructure and cloud computing 

capabilities, which can be a hurdle for some 

organizations. 

• Skills Gap: The transition from traditional 2D CAD to 

sophisticated BIM workflows requires a paradigm 

shift in skills. There is a severe shortage of 

professionals who possess both deep civil engineering 

knowledge and advanced BIM software skills. 

Training the existing workforce requires significant 

time and financial investment. Investing in the 

necessary training and hardware involves significant 

upfront capital costs, which can be particularly 

prohibitive for small and medium-sized enterprises 

(SMEs) operating within the supply chain.  

• Lack of Standardization: While standards like ISO 

19650 exist, the specific application of BIM for 

horizontal infrastructure is less mature than for 

vertical buildings. The lack of standardized asset 

classification and Level of Development (LOD) 

definitions specifically tailored for civil engineering 

components (e.g., road corridors, drainage systems) 

complicates the implementation process. The industry 

must invest in education, embrace open data 

standards, and adopt collaborative procurement 

models. 

• Intellectual Property: In a centralized BIM 

environment, multiple stakeholders (architects, civil 

engineers, contractors, subcontractors) contribute to a 

single model. This shared authorship blurs the lines of 

intellectual property (IP) rights. Subcontractors may 

find that the valuable data they generated is 

contractually assigned to the project owner without 

adequate compensation. Establishing clear protocols 

for model ownership and licensing is a significant 

legal challenge. 

• Resistance to Change: The construction industry is 

notoriously resistant to change, often clinging to 

established, traditional procurement and contracting 

methods. Many seasoned professionals and traditional 

companies resist transitioning from proven 2D 

workflows to complex 3D BIM processes. This 

resistance is often rooted in the high initial costs of 

software procurement, hardware upgrades, and the 

temporary drop in productivity that occurs during the 

learning curve. Without strong leadership and a clear 

change management strategy, BIM initiatives 

frequently stall. 

VII. FUTURE OF BIM IN INFRASTRUCTURE 

The future of building information modeling in infrastructure is 

transformative. It is characterized by its convergence with 

other transformative technologies. The integration of BIM with 

emerging technologies such as AI, GIS, and digital twins 

further will define the next era of infrastructure. The 

integration elevates the potential of BIM, paving the way for 

smart, resilient infrastructure. In infrastructure, this integration 

enables predictive maintenance. The integration with digital 

twins, AI, and GIS, BIM promises to deliver smarter, more 

resilient, and highly optimized infrastructure networks. AI 

algorithms will increasingly be used to analyze BIM data, 

optimizing designs for cost and sustainability, and automating 

complex modeling tasks. The convergence of BIM and 

geographic information systems (GIS) bridges the gap between 

detailed asset design and broader geospatial context. The 

evolution of BIM is inextricably linked to the development of 

digital twins. A digital twin is a dynamic, virtual replica of a 

physical asset that continuously updates via real-time data from 

Internet of things (IoT) sensors [1]. 
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CONCLUSION 

Building information modeling is no longer a futuristic concept 

but a necessary evolution for the infrastructure sector. It is not 

just a tool for architects designing skyscrapers; it is a critical 

methodology for the civil engineers and planners building the 

world's infrastructure. It represents a monumental shift in civil 

engineering and infrastructure management. It holds 

transformative potential for the infrastructure sector, offering 

benefits ranging from clash detection and cost savings to 

advanced lifecycle asset management. By expanding across 

multiple dimensions—from 3D visualization to 7D lifecycle 

management—BIM addresses the inherent complexities, costs, 

and risks of horizontal construction. The true potential of BIM 

in infrastructure is unlocked when it is integrated with other 

advanced digital technologies, creating a comprehensive 

ecosystem for asset management. More information on BIM in 

infrastructure is available from the books in [15-17] and in the 

following related journals: 

• Construction Magazine 

• Buildings 

• Journal of Building Engineering 

• Journal of Construction Engineering and 

Management 

• WIT Transactions on The Built Environment 
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