

  infrastructures-09-00075




infrastructures-09-00075







Infrastructures 2024, 9(4), 75; doi:10.3390/infrastructures9040075




Article



Navigating the Adoption of 5D Building Information Modeling: Insights from Norway



Haidar Hosamo Hosamo 1,2,*, Christian Nordahl Rolfsen 1, Florent Zeka 1, Sigurd Sandbeck 1, Sami Said 1 and Morten André Sætre 1





1



Department of Built Environment, Oslo Metropolitan University, St. Olavs Plass, P.O. Box 4, NO-0130 Oslo, Norway;






2



SALab Sustainable Architecture Lab, Department of Architecture, Prince Sultan University, Riyadh 12435, Saudi Arabia









*



Correspondence: haidarho@oslomet.no







Citation: Hosamo, H.H.; Rolfsen, C.N.; Zeka, F.; Sandbeck, S.; Said, S.; Sætre, M.A. Navigating the Adoption of 5D Building Information Modeling: Insights from Norway. Infrastructures 2024, 9, 75. https://doi.org/10.3390/infrastructures9040075



Academic Editor: Kay Smarsly



Received: 1 February 2024 / Revised: 29 March 2024 / Accepted: 5 April 2024 / Published: 18 April 2024



Abstract

:

Exploring the integration of 5D Building Information Modeling (BIM) within the Norwegian construction sector, this study examines its transformative impact on cost estimation and project management, highlighting technological and skill-based adoption challenges. Through methodical case studies and interviews with industry experts, it is revealed that 5D BIM significantly enhances the precision of cost estimations and effectively reduces financial overruns in complex construction projects, indicating an industry shift towards its broader acceptance. The research sets out to explore current challenges and opportunities in 5D BIM, assess the usability and integration of software tools, and understand systemic barriers and skill gaps hindering further progress. These objectives lead to a detailed understanding of 5D BIM’s role in improving economic and procedural efficiencies in construction. Suggesting its pivotal role in the evolving construction management realm, the study contributes important insights into 5D BIM’s transformative potential and underscores its importance in advancing the construction industry’s digital transformation.
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1. Introduction


Building Information Modeling (BIM) is a comprehensive process that utilizes digital technologies to represent the physical characteristics of building projects [1,2,3]. Tracing its origins back to the 1970s, BIM evolved from the early concepts of computer-aided design (CAD) [4]. It was during this period that the foundational ideas of digitally representing buildings were conceived. Over the decades, BIM has transformed into a comprehensive digital representation technique, far surpassing traditional drawing or modeling [5]. It encapsulates not only the physical but also the functional characteristics of a building, providing a multidimensional view of construction projects [6].



The evolution of BIM is marked by the addition of various dimensions that enhance its utility and complexity. Researchers investigate the evolution of BIM from CAD systems, examining its history, technology, and philosophy while proposing a periodization based on idea, approach, and organizational culture, exploring BIM’s dual nature as both a tool and a philosophy, reflecting on its developmental stages and future directions [7]. Starting with the initial three dimensions (3D) covering geometric aspects [8], BIM has expanded to include time management (4D) [9], cost estimation (5D) [10], sustainability analysis (6D) [11], and facility management (7D) [12]. Each dimension adds a new layer to BIM, enriching the process and offering a holistic approach to building design, construction, and management.



International open standards for digital data sharing have been pivotal in this transformation [13]. Such standards assist business owners, architects, engineers, contractors, and operators in becoming global industry leaders, reducing risks, saving time, and cutting costs [14,15]. A key player in this domain is buildingSMART, an open, neutral, and international non-profit organization [16]. It fosters improved information sharing throughout the building industry’s lifecycle by dismantling information silos, thereby enabling better collaboration across different software platforms. The technical cornerstone of buildingSMART’s efforts is the Industry Foundation Classes (IFC), which achieved ISO certification in 2013. In this context, it is crucial to recognize that the IFC is one among several standards being developed and refined by buildingSMART. This broader perspective underscores the comprehensive approach buildingSMART adopts in facilitating digital transformation in the construction industry. Alongside IFC, buildingSMART also develops other standards such as BIM Collaboration Format (BCF) for issue tracking [17] and Information Delivery Manual (IDM) for defining processes and data requirements [18]. These standards collectively contribute to a more integrated and seamless digital workflow in the industry.



The IFC schema was created to define a wide range of building information representations, supporting software interoperability within the construction industry [19]. IFC was developed to be an extensive framework for modeling across disciplines, providing a broad and general definition of objects and data to enable more accessible data exchange and detailed, task-specific modeling [19].



Currently, IFC is commonly used for information exchange between parties in specific business transactions. It also serves as a tool for archiving project information, either progressively during various project phases or as a comprehensive “as-built” collection of data for long-term preservation and operational purposes [20]. The necessity for updating IFC is acknowledged, with IFC 2x3 being the most common version currently in use and IFC 4 emerging as an updated, improved version addressing the limitations of the earlier version [21]. While the future clearly leans towards IFC4, the extensive market penetration of IFC2x3 means that this certification remains relevant, especially for applications introduced later in the project lifecycle [16].



The objective of this study is to explore the challenges and opportunities associated with the adoption and implementation of 5D Building Information Modeling (BIM) in the construction industry. As BIM has evolved from its origins in computer-aided design (CAD) to a comprehensive process encapsulating various dimensions, including geometric representation, time management, cost estimation, sustainability analysis, and facility management, its potential to transform the construction process has grown exponentially. This study seeks to understand how the incorporation of cost estimation into BIM (5D BIM) can enhance the efficiency, accuracy, and overall management of construction projects. To achieve this, we have employed a multifaceted research approach that includes a detailed case study and in-depth interviews with industry professionals.



The case study provides a practical examination of the use of Industry Foundation Class (IFC) files across different construction software platforms, highlighting the technical and procedural challenges encountered in implementing 5D BIM. This hands-on exploration serves as a foundation for understanding the complexities of integrating 5D BIM into current construction practices. Complementing the case study, interviews with professionals from various roles within the construction sector offer insights into the real-world application, perceptions, and recommendations for the effective implementation of 5D BIM. These interviews not only reveal the benefits and hurdles of 5D BIM adoption from a diverse range of perspectives but also connect the theoretical advancements in BIM to the practical realities faced by practitioners.



Together, the case study and interviews are integral to fulfilling the study’s objective, providing a comprehensive view of the current state of 5D BIM in the construction industry. They highlight the need for standards like IFC to facilitate interoperability and collaboration across different BIM software, addressing both the potential and the limitations of current practices. Through this approach, the research aims to contribute valuable insights into advancing the application of 5D BIM, ultimately supporting the construction industry’s digital transformation and enhancing project outcomes.




2. Background


2.1. Traditional Methods in Construction Cost Management


Cost management encompasses more than mere cost estimation; it involves applying management accounting principles, data collection, analysis, and presentation to effectively plan, monitor, and control project costs [22]. The Project Management Institute (PMI) has been instrumental in setting global standards for project management across various industries, as detailed in their Guide to the Project Management Body of Knowledge [23]. Similar efforts have been made by associations in the UK, Australia, and the USA, all aiming to standardize cost management across different project phases [24]. Specifically in construction, the project lifecycle is divided into pre-construction, construction, and maintenance and operation phases, each with distinct stages like briefing, building, commissioning, and eventual operation or end-of-life [25].



The cost management plan is a foundational process occurring at a project’s inception or key mileston33es [26,27]. It dictates the methodologies and tools to be utilized for estimating costs, budgeting, and managing expenses throughout the project’s lifespan. This plan is critical for early stage decision making, refining both project development and associated cost information [28].Cost estimation is a crucial step allowing stakeholders to project the financial resources needed based on a detailed assessment of project constraints, risks, and potential cost ranges. Estimates can be either conceptual or detailed, with traditional methods involving manual calculations based on 2D CAD documents [29].



Budget determination, which sets the financial baseline for a project, typically occurs early in the lifecycle or at specific milestones [30]. In construction, budgeting and cost estimation are often intertwined, necessitating frequent updates during the early design stages [31]. However, this constant revision can impact cost performance, especially with design changes and extra work. In addition, lifecycle cost analysis (LCCA) evaluates all costs from design to project completion [32], aiding in investment decisions and design option selection.




2.2. D-BIM


Five-Dimensional Building Information Modeling (5D BIM) represents a significant evolution in construction project management, adding time (4D) and cost (5D) dimensions to traditional 3D BIM [33,34]. It enables real-time cost estimation and effective budget management throughout a project’s lifecycle by incorporating financial data into the digital project model [35,36]. This approach provides dynamic visualizations of financial impacts for each design and construction decision, transforming cost perception and management. In 5D BIM, each building component is linked to its cost, allowing precise expense tracking and early detection of potential over-runs crucial for exploring cost-saving opportunities and maintaining financial discipline. Cost estimation, a key focus in construction management research, involves the systematic calculation of project costs, which is crucial for financial control and future insights. This research categorizes costs into variable, fixed, direct, and indirect [37], each with specific implications for budgeting in construction projects.



The 5D BIM framework we proposed to show the 5D BIM concept depicted in Figure 1 represents the method for integrating multidimensional information into the construction management process. At its core, the model enhances the traditional 3D BIM with two additional dimensions, cost and time—hence the term ‘5D’. These two dimensions enable a comprehensive view of the project lifecycle, facilitating more effective decision making.



The central components of 5D BIM include 3D geometry, site context, and building components, which are the backbone of any BIM model, allowing for detailed visualizations of the physical space. Surrounding these core elements are critical management and operational aspects: maintenance planning, budgeting, cost estimation, scheduling, project management, and resource allocation. These elements are interconnected, signifying that changes in one aspect can dynamically update related information. For instance, modifications in the 3D model can automatically adjust the schedule and budget. This interconnectedness ensures that stakeholders have access to real-time, actionable data for asset management, facility management, environmental impact, sustainability, and energy efficiency.



In construction management, this framework is significant as it allows for meticulous planning, efficient resource allocation, and proactive cost control. It also promotes sustainability by enabling the simulation of energy performance and assessment of environmental impact throughout the building’s lifecycle. Ultimately, 5D BIM supports stakeholders in making informed decisions that lead to cost savings, time optimization, and improved quality of the built environment.



2.2.1. Integrated Quantity Takeoff and Cost Estimating


The integration of quantity takeoff and cost estimating in 5D Building Information Modeling (BIM) has significantly transformed the accuracy and efficiency of material scheduling and cost predictions. Researchers indicate that BIM models expedite the production of material schedules, provided they contain the necessary information [38]. Nadeem et al. [39] highlight that combining bills of quantities with 3D visualizations enhances both the accuracy of the bill and project visualization. However, other researchers found that not all quantities can be directly extracted from BIM models, necessitating manual intervention by estimators and surveyors to supplement or validate the data [40]. The ability to integrate quantity takeoff tools with external cost databases enhances the precision of cost estimates, allowing estimators to link quantities to costs efficiently [41].




2.2.2. Advanced Cost Budgeting and Control Mechanisms


Additionally, 5D BIM enables estimators to rapidly evaluate cost and resource alternatives, thereby enhancing client understanding and value management [42]. This process is particularly useful in calculating the cost impacts of design changes early in the project lifecycle, thereby optimizing overall project management [43]. Moreover, integrating subcontractors’ pricing information into the model facilitates real-time budget performance and forecasting [44]. For cost control, automated cash flow analyses and complex payment modeling enable precise and early-stage cash flow forecasting. Additionally, linking the model to contractor rates enables quick evaluations of costs-to-date, facilitating the assessment of budget variances and final cost predictions [45].




2.2.3. Enhancing Procurement, Change Orders, and Progress Payment Processes


The capabilities of 5D BIM tools extend to procurement processes, with the possibility of purchasing directly from the model, leveraging manufacturer-developed models for detailed specifications [46]. The dynamic link between the model and costing information significantly streamlines change order management. It allows professionals to quickly assess the cost implications of changes, enabling accurate simulations before construction [47]. This approach has led to reduced change orders in some projects. Furthermore, 5D BIM facilitates the validation of contractor progress payments by allowing users to select specific time periods, verify completed elements, and correlate these with their costs [48].



This integrated approach to cost management in 5D BIM, encompassing quantity takeoff, cost estimating, budgeting, and control, reflects a paradigm shift in construction project management. It offers a more precise, efficient, and dynamic process, addressing traditional challenges while opening new avenues for cost optimization and project control.





2.3. Software Used in 5D Building Information Modeling (5D BIM)


The integration of 5D Building Information Modeling (5D BIM) into construction projects significantly depends on a suite of specialized software programs. Each program is designed with unique capabilities that are vital for the successful adoption of 5D BIM, encompassing aspects from design and visualization to cost estimation and project management. For professionals in the construction industry, understanding and leveraging these tools is fundamental to harnessing the full benefits of 5D BIM.



Table 1 provides an overview of key software programs utilized in 5D BIM, detailing their features and applications. It is crucial to recognize that the mere availability of these sophisticated tools does not guarantee the realization of 5D BIM’s full potential. The effectiveness of these tools is deeply influenced by several factors, including their integration into existing workflows, the level of user training and adaptation to project-specific requirements, and the overall management of the 5D BIM process.



The distinction between the theoretical capabilities of these software tools and their practical application in real-world projects is substantial. For instance, while Autodesk Revit offers comprehensive solutions for design, visualization, and data management, its optimal use in a 5D BIM context requires a well-structured implementation strategy that addresses technical and organizational challenges. Similarly, tools like BEXEL Manager, with its focus on 5D cost estimation, demonstrate significant cost-saving potentials, yet their benefits are fully realized only when tailored to the specific needs of a project and when users are adequately trained.



As we transition to discussing the challenges in 5D BIM implementation (Section 2.4), it becomes apparent that achieving the efficiencies, precision, control, and visualization promised by 5D BIM involves more than selecting the right software. It necessitates a comprehensive approach to overcoming barriers to integration, including the development of a conducive environment for innovation and learning transfer. The subsequent section will explore these challenges in greater detail, underscoring the critical need for a strategic framework that guides the selection, customization, and application of 5D BIM software in the construction industry.




2.4. Addressing Research Gaps and Current Challenges in 5D BIM


The integration of 5D Building Information Modeling (BIM) into construction cost management heralds a transformative potential, promising enhanced efficiency, precision, control, and visualization. However, despite these recognized benefits, the practical application of 5D BIM remains in its nascent stages, with its full scope and limitations yet to be fully understood or realized in the industry.



Current research and industry practices highlight a pressing need for clarity on implementing 5D BIM effectively [56,57]. While Section 2.3 outlined the array of software tools available for 5D BIM, achieving the theoretical benefits of these tools in real-world projects requires navigating a series of complex challenges. These challenges range from the technical—such as software integration and data interoperability [58]—to the organizational, including staff training, change management, and adaptation to project-specific needs [59].



The gap in understanding how to leverage 5D BIM effectively is notable. Research tends to focus on isolated case studies or specific software capabilities without providing a comprehensive view of how to fully integrate 5D BIM into traditional cost management practices. This gap reflects the industry’s early adoption stage, necessitating an environment that fosters innovation, learning transfer, and the development of best practices [60,61].



The historical shift in the construction industry from accountant-managed costs to the specialized roles of quantity surveyors or cost engineers illustrates a parallel need in today’s digital economy. This transition underscores the evolving requirements in cost management and the critical role of specialists in adapting to these [62] As the construction industry progresses towards complete digitalization, identifying suitable 5D BIM solutions becomes imperative. The research aims to frame the development of 5D BIM in a way that resonates with both academic and industry needs, facilitating its integration into the digitalized working environment.



However, the industry faces the challenge of lacking a neutral and comprehensive framework for selecting the most appropriate 5D BIM solutions for specific applications [63,64]. Such a framework would aid practitioners in making informed decisions when integrating BIM into their cost-management processes and implementing 5D BIM software. The development of this decision-making framework is complex as it must encompass a deep understanding of business processes and cost management practices. It is essential to address these gaps to enhance the progress of 5D BIM in the industry and overcome the barriers to its broader adoption.



To address these gaps and overcome barriers to broader adoption, this research aims to contribute to the development of a decision-making framework that encompasses a deep understanding of business processes, cost management practices, and the specific challenges of implementing 5D BIM. By providing clearer guidance on navigating these complexities, the research seeks to facilitate the successful integration of 5D BIM into construction projects, enabling the industry to fully realize its benefits and advance towards complete digitalization.




2.5. Study Objectives and Research Questions Derived from Literature Review


The evolution of Building Information Modeling (BIM) has been a subject of extensive research and debate within the construction industry, with particular attention to the fifth dimension of BIM (5D), which incorporates cost data into traditional 3D models. Despite its innovative potential, 5D BIM presents a series of challenges that hinder its broader implementation. An exhaustive review of scholarly articles, industry reports, and case studies has revealed key themes and gaps in our current understanding of 5D BIM. From this review, the study’s objectives have been articulated, aiming to address these gaps through a set of targeted research questions.




	
Objective 1: To identify and analyze the current challenges and opportunities in the implementation of 5D BIM. This objective is underpinned by the question, “What are the current challenges for 5D BIM, and what opportunities might be available tomorrow?” It seeks to dissect the immediate obstacles faced in applying 5D BIM and to forecast potential future advancements.



	
Objective 2: To evaluate the software tools available for 5D BIM regarding their usability, efficiency, and integration within the broader BIM framework. This objective stems from the question, “What kind of software can be used in 5D, and how is it used?” It is formulated based on literature findings highlighting the diversity of software tools for 5D BIM and aims to assess their practical application and efficacy.



	
Objective 3: To understand the systemic barriers and skill gaps that have prevented the further progression of 5D BIM within the industry. This is encapsulated in the question, “What are the reasons that 5D BIM has not progressed further in the industry, and what is needed to take it to the next step?” This question is critical for identifying the underlying issues hindering 5D BIM’s advancement and determining the steps necessary for its broader adoption.








The comprehensive literature review has led to the formulation of pivotal research questions, setting the foundation for an in-depth exploration of 5D BIM. This paper aims to address the gaps identified in existing research, thereby contributing significantly to the advancement of BIM technology within the construction industry.





3. Methods


In the methodology section of our research, we present a structured and comprehensive approach that guided our investigation into the practical applications and challenges of 5D Building Information Modeling (BIM) in the construction industry. To provide a clear overview of our research methodology, we have devised a visual flowchart that delineates the key steps and processes involved, as shown in Figure 1. In the following sections, we will elaborate on each step of this methodology, offering a detailed account of our approach to data collection, analysis, and synthesis.



3.1. Literature Review


Figure 1 shows the method flow chart. Prior to formulating the research questions and tasks, a thorough literature review was conducted within the subject matter to understand the potential challenges within the topic. Search engines like Google Scholar and Scopus (Figure 2) were utilized, employing both English and Norwegian keywords.



In the comprehensive literature review encompassing the domain of 5D Building Information Modeling (5D BIM), a meticulous search strategy was concurrently employed in both Scopus and Google Scholar databases to secure relevant and recent academic literature. The approach was methodically structured, leveraging specific search terms like “5D BIM” and “5D Building Information Modeling” within the TITLE-ABS-KEY field in Scopus and directly in Google Scholar to pinpoint documents where these phrases were significantly present in titles, abstracts, or article bodies. The integration of Boolean operators, particularly in the format (“5D BIM” OR “5D Building Information Modeling”) AND “cost estimation”, was crucial in broadening the research scope to include studies that intersect the technicalities of 5D BIM with its cost estimation implications. Recognizing the fast-paced advancements in this field, the search was tailored to highlight recent developments, using the PUBYEAR > 2015 filter in Scopus and focusing on the most recently dated articles in Google Scholar. This dual-database strategy ensured a thorough and up-to-date collection of scholarly works, which is vital for understanding the current state and future potential of 5D BIM in the construction industry.



The literature search not only provided insights into relevant software for 5D BIM but also led to the discovery of books and articles pertinent to the subject. Additionally, the authors consulted various software websites and received recommendations from an external advisor. The literature search culminated in the compilation of a list of key resources, as presented in Figure 1.




3.2. Case Study


Besides the series of in-depth interviews, a case study is used in this paper. This approach is designed to provide a dual perspective on our subject matter. The case study, illustrated in Figure 3, forms the crux of our initial analysis. It focuses on the practical challenges and advantages inherent in the importation and utilization of Industry Foundation Class (IFC) files across various construction software platforms. The purpose of starting with this case study is to offer readers a foundational understanding of the software’s functionality and to shed light on the various challenges encountered during its use. This groundwork is essential before progressing to the interview segment, where we aim to enrich our understanding through expert insights and experiences. To elaborate more, the utilization of a case study in this research is strategically chosen to explore the real-world complexities and challenges of implementing 5D BIM in the construction industry. This methodological approach is instrumental in achieving our second objective: to critically evaluate the usability, efficiency, and integration of 5D BIM software tools within existing construction workflows.



The genesis of this case study arose from the difficulties frequently encountered in importing IFC files into construction software. To thoroughly investigate these challenges, we developed a basic yet comprehensive model in Revit 2023. This model was specifically designed to test the process of transferring data to three distinct software environments: Sparkel v1.4, Bexel v3.9.2, and ISY Calcus V 7.0. The selection of these particular software platforms was influenced by recommendations from the AF group. They highlighted the prevalent use of ISY Calcus V 7.0 in the industry and brought attention to Sparkel, a new and emerging software firm, suggesting its potential future relevance.



The Revit model (Figure 4) included a variety of structural components, such as doors, windows, interior and exterior walls, roofs, and floors. A critical aspect of this model was the inclusion of detailed construction elements, like wind barriers and insulation, to mirror a realistic construction scenario. In an effort to ensure a level playing field for comparison across all software platforms, uniform pricing was input into each program. This step was vital to guarantee that any variations in outcomes could be attributed to the software’s functionality rather than external pricing variables.



The overarching goal of this case study was multi-faceted, aiming to provide a comprehensive evaluation of several critical aspects of software performance in the context of IFC file importation and utilization. Firstly, we sought to assess the ease with which data could be imported into each software environment. This criterion is crucial in understanding how user-friendly and accessible these platforms are for professionals in the construction industry. Additionally, our study aimed to evaluate the efficiency and accuracy with which each software could extract quantities from the model. This aspect is particularly significant in the construction industry, where precise quantity estimations are fundamental to project planning and budgeting.



Another critical area of investigation was the integration of pricing within these software platforms. Given the uniform pricing applied across all programs, our study aimed to discern how effectively each software could link this pricing data with the extracted quantities, thereby impacting the overall feasibility and efficiency of project cost estimations. Also, the study was designed to provide insights into the user-friendliness and learning curve associated with each software. In an industry that is often perceived as slow to adopt new technologies, understanding these factors is pivotal. It helps to identify whether the complexity and usability of software act as barriers to their adoption and integration into standard industry practices. This case study, therefore, holds significant importance in both a practical and academic context, contributing valuable insights into the evolving landscape of construction technology.




3.3. Interviews and Data Collection


In our research methodology, we meticulously planned and executed interviews as a central component of data collection. Each interview session had a duration of up to 45 min and was conducted digitally via Teams, with audio recordings captured using the University of Oslo’s Dictaphone app. This method allowed us to preserve the content and nuances of the discussions for later analysis.



To ensure a well-rounded perspective on the use of 5D BIM in the construction industry, we strategically selected a diverse group of interview subjects from AF-Gruppen. This selection encompassed various roles within the industry, including an Acquisition Manager, a BIM Technician, an Estimator, a Technology Leader, and a BIM and Digitalization Manager. Additionally, we conducted an interview with a Technology Leader from Sparkel, a new and emerging software firm in the 5D BIM domain. The interview durations varied between 15 and 27 min, reflecting the diverse expertise and backgrounds of the participants.



This approach aimed to extract rich, multi-faceted insights into the application and perception of 5D BIM in professional settings. Prior to the interviews, an extensive process was undertaken to draft, refine, and validate a set of pertinent questions. These questions were designed not only to be relevant and capable of eliciting in-depth responses but also to maintain a natural conversation flow. Importantly, we ensured that the questions did not breach confidentiality constraints, given the public nature of the research. This meticulous planning and diverse selection of interview subjects were instrumental in providing a comprehensive understanding of the practical applications and challenges of 5D BIM in the construction industry.



The selection of interview subjects and the methodology employed in our research were guided by best practices in qualitative research. We ensured that our interviews covered a spectrum of roles and perspectives within the construction industry to obtain a well-rounded view of 5D BIM’s impact. This approach is consistent with the principles of qualitative research, which emphasize the importance of diversity in participant selection to enhance the validity and generalizability of findings [65].



Additionally, the collaboration with AF-Gruppen and the assistance of their BIM and Digitalization Manager in facilitating access to interview subjects contributed to the reliability and comprehensiveness of our research. This approach aligns with the principles of qualitative research that advocate for obtaining data from multiple sources to attain a balanced and holistic understanding of the phenomenon under investigation [66].



Furthermore, the interview with the Chief Technology Officer (CTO) from Sparkel provided a unique perspective on the development of 5D BIM and cost estimation software. This insight is crucial as it sheds light on the evolving landscape of 5D BIM technologies, particularly from the viewpoint of a software firm at the forefront of innovation. Such diverse perspectives enhance the credibility and depth of our [65].



Table 2 outlines the diversity of roles represented in the interviews, along with the varying durations of each interview session. It provides a clear snapshot of the demographic characteristics of the interviewees, ensuring transparency and completeness in our research documentation.




3.4. Sample Size and Justification


The selection of interviewees for our research was guided by a purposive sampling approach. Purposive sampling, also known as judgmental or selective sampling, involves deliberately choosing participants who possess specific knowledge or experiences relevant to the research objectives [65]. In our case, we aimed to capture a diverse range of perspectives within the construction industry regarding the use of 5D BIM. Therefore, we carefully selected individuals with various roles, including an Acquisition Manager, a BIM Technician, an Estimator, a Technology Leader, and a BIM and Digitalization Manager from AF-Gruppen. Additionally, we conducted an interview with a Technology Leader from Sparkel to gain insights from a software firm’s perspective.



The sample size of six interviewees was considered appropriate for our research objectives for several reasons. Firstly, qualitative research, such as in-depth interviews, often involves smaller sample sizes compared to quantitative studies, as the emphasis is on depth of understanding rather than statistical [67]. Secondly, the diverse roles and backgrounds of the interviewees provided a rich and multifaceted perspective on 5D BIM in the construction industry. This aligns with the principles of qualitative research, which prioritize obtaining comprehensive insights from a limited number of participants [66].



To ensure comprehensive and unbiased insights, a structured questionnaire was developed, focusing on themes such as the advantages and challenges of 5D BIM, the comparison with traditional project management methods, and the technological and skill-based barriers to its adoption. The questions were carefully designed to prompt detailed and reflective responses while avoiding leading or biased inquiries, thereby mitigating potential response biases. A sample of the questions included:




	
“Can you describe the main challenges you face when implementing 5D BIM in your projects?”



	
“How do these challenges compare with those encountered in traditional project management approaches?”



	
“What steps do you think are necessary to overcome these challenges and fully realize the benefits of 5D BIM?”









3.5. Data Analysis


The data obtained from the interviews underwent a rigorous process of qualitative analysis. This analysis followed established procedures for qualitative research, including the following.




	
Transcription: The audio recordings of the interviews were transcribed verbatim to create written records of the conversations. Transcription is a critical step to ensure that all nuances and details of the interviews are preserved [68].



	
Thematic Analysis: Thematic analysis was employed to identify recurring themes, patterns, and meaningful insights within the interview data. This process involved systematically coding the transcripts, categorizing codes into themes, and iteratively refining the themes to ensure accuracy and validity [69].



	
Data Validation: To enhance the trustworthiness of the findings, data validation techniques, such as member checking, were employed. This involved sharing the analyzed findings with the interviewees to verify the accuracy and authenticity of the interpretations [65].








The qualitative analysis aimed to uncover key themes related to the application and challenges of 5D BIM in the construction industry, as well as to provide nuanced insights from the perspectives of the interviewees.





4. Results


In this section, we present the key findings of our research, which address the following research questions outlined in the introduction.



4.1. Current Challenges in Implementing 5D BIM


4.1.1. The Results from the Case Study


The successful implementation of 5D BIM in the construction industry hinges upon various factors, including the choice of software programs and the efficient handling of Industry Foundation Class (IFC) files. In this subsection, the current challenges faced by professionals when adopting 5D BIM are revealed through our rigorous evaluation process. To provide a comprehensive overview, we present valuable data and insights collected from our examination of different software programs, offering a nuanced perspective on the obstacles encountered during the implementation of 5D BIM.



Within our exploration, Table 3 categorizes the software programs based on their deployment type, distinguishing between cloud-based and downloadable options. This distinction is vital as it directly impacts accessibility, collaboration, and user experience. By examining the deployment type of each program, we gain insights into the diverse range of software solutions available to professionals in the construction industry.



Simultaneously, Table 4 explores the intricate process of importing IFC files, a critical step in 5D BIM implementation. This table offers a detailed account of challenges encountered during the importation process, with a focus on three essential aspects: quantities, area retrieval, and model retrieval. Through the experiences and difficulties documented with specific software programs, namely Sparkel, Bexel Manager, and ISY Calcus, we gain valuable insights into the complexities of data importation in the context of 5D BIM. These challenges shed light on the practical obstacles faced by professionals and provide essential information for improving the adoption and use of 5D BIM in construction projects.




4.1.2. Navigating the Complexities of IFC Quantity Imports


The process of importing IFC quantities, while theoretically straightforward, involves intricate challenges in practice. The primary task is the verification of data accuracy post-import, necessitating a comparison with the original Revit files and supplemental manual checks to ensure fidelity in the quantity of data. This verification process is critical due to occasional inconsistencies in the software’s aggregation of similar materials.



Experience with BIM software can vary significantly across different platforms. For instance, Sparkel’s design prioritizes user accessibility, which may facilitate quicker adaptation for new users. Conversely, BEXEL Manager requires a more comprehensive understanding from the outset, indicative of a more complex interface. ISY Calcus V 7.0 offers a systematic approach to cost calculation, though it also necessitates a foundational grasp of its detailed information presentation for effective use. The capacity for direct modifications of linked quantities varies among these programs, influencing their overall user operability.



The practical operability of BIM software can also be influenced by the interface layout and screen area requirements. Sparkel operates efficiently within the confines of a standard PC monitor, while BEXEL Manager and ISY Calcus V 7.0 benefit from larger or multiple screens to manage extensive data sets and detailed models. In ISY Calcus, the manipulation of price lines is restricted, which could lead to a more methodical process for error rectification. An ‘undo’ feature is notably absent in some platforms, which may impact workflow efficiency. Such operational nuances were systematically observed and cataloged to provide an objective evaluation of each program’s user interface and functionality.





4.2. Evaluating Software Capabilities in Construction Project Management


In addressing the opportunities and benefits presented by 5D Building Information Modeling (BIM) in the construction industry (the second research question), we explored the evaluation of software capabilities within the context of construction project management. This assessment highlights the functionalities of various calculation software programs that can significantly impact project management processes.



The capabilities embedded within various calculation software programs offer a range of functionalities to streamline construction project management. Sparkel stands out with its pre-configured element register that includes pricing, allowing for an efficient connection of costs to model quantities. While BEXEL Manager and ISY Calcus lack this feature, ISY Calcus compensates with a comprehensive element register complete with predefined prices for building components such as interior walls.



The aspect of 4D planning—integrating the project timeline with the model—is notably absent in Sparkel and ISY Calcus, while BEXEL Manager provides this advanced feature, enhancing the project management process. All three programs offer quantity takeoffs from the model, enabling accurate material measurement and cost estimation. When it comes to documentation, Sparkel allows users to annotate directly on the model, BEXEL Manager facilitates the attachment of documentation for a 6D BIM perspective, and ISY Calcus enables the linking of information to the pricing line associated with the BIM model.



Linking the model to revenue streams such as invoicing is not possible in Sparkel and BEXEL Manager without additional software, whereas ISY Calcus provides this integration through ISY Bygg Office. While Sparkel and BEXEL Manager do not support standard connections, ISY Calcus allows for such integrations, potentially improving adherence to industry standards.



The visualization of total costs differs across the software: Sparkel provides a comprehensive but slightly cluttered view, BEXEL Manager categorizes costs neatly as defined in the cost items, and ISY Calcus offers an advanced and detailed presentation of all expenses per element and material. The ability to see when prices were last edited is available in Sparkel and BEXEL Manager but not found in ISY Calcus.



These programs also offer additional modules for purchase, enhancing their capabilities. For example, Bexel has a feature that allows for the monitoring of project costs, assuming the appropriate license is available. The use of the model itself is critical in verifying the correct linking of all components. It is essential for the software to provide user-friendly layer management and measurement tools, enabling users to verify details like corner measurements, which have been known to present issues. This holistic view of the software’s usability underscores the importance of not just the model’s accuracy but also the ease with which it can be manipulated and assessed for a successful project outcome.



The comprehensive assessment of calculation software programs reveals varying degrees of user accessibility and learning curves. Sparkel is recognized as the most straightforward platform, offering a user-friendly and intuitive interface that makes navigation and data entry relatively effortless. BEXEL Manager ranks as the second easiest to learn, with additional features and tools that tend to emerge as the user becomes more familiar with the program, necessitating a bit more time and experience to fully harness its capabilities.



ISY Calcus, while not inherently the most challenging, presents the most obstacles and issues during use. It demands a deeper understanding of potential errors and the intricacies that may arise, requiring a user to have a more comprehensive grasp of the software’s inner workings. Each program’s total evaluation reflects its ease of adoption, with an emphasis on how quickly a user can become proficient and effectively input data, as well as navigate potential errors and the overall complexity of the software environment.




4.3. Insights from Industry Professionals


The insights presented in this subsection emerge from a series of structured interviews conducted with professionals across the construction industry, aimed at understanding their perceptions and recommendations for the adoption of 5D Building Information Modeling (BIM). The diversity of roles among the interviewees, including those from management, technical, and software development sectors, provides a broad perspective on the current state and potential of 5D BIM in enhancing construction project outcomes. This exploration into the professional landscape serves to directly inform our study’s objective of delineating the practical challenges and advantages of 5D BIM implementation. Through their experiences and viewpoints, we sought to capture a holistic understanding of 5D BIM’s role in the construction industry, thereby grounding our research in the realities of current practice and paving the way for actionable insights into its more effective utilization [25].



4.3.1. Utilizing BIM and Estimation Software in Construction


The data collection for this study was conducted through in-depth interviews with various individuals holding different positions and experiences in the construction industry. The questions posed to each interviewee were primarily identical, except for the interview with Sparkel, which had a slightly different structure focusing more on the software itself, including issues, solutions, and the interaction between software developers and users in the construction industry. The responses provided valuable insights for a more objective result, highlighting similarities and differences in perspectives, particularly regarding the use of 5D-BIM/Estimation in the construction sector.



The current usage of software in the construction industry was explored in these interviews. When asked about the software being used and their likelihood to continue its use, the answers were unanimous. AF Group predominantly used ISY Calcus and ISY BYGGOFFICE. A calculator provided comprehensive details: “We use ARCHICAD for modeling and the advisors bring REVIT, we use SOLIBRI, we use TEKLA, Simplebim, and for estimations, we use BYGGOFFICE and ISY CALCUS”. Additionally, it was mentioned that the ISY Description is used for tender descriptions. When questioned about their satisfaction and future use of these tools, one interviewee stated, “Yes, we use them almost daily, so we will continue to do so”. However, there was a consensus that there is room for improvement, especially in the integration and development pace of these tools.



The use of the 4D time aspect was also discussed, and it appeared that it is not currently utilized due to its lack of perceived utility. This aspect, along with cost estimation, is supposed to be a primary use case for Sparkel. The application of BIM Estimation in projects was also explored, determining its suitability for both large and small projects, though rehabilitation projects were noted as more challenging. One interviewee expressed, “We use it in small projects and large ones like the Viking Age Museum. We use it universally, adapting our standard model and calculations to get accurate information immediately”. Another added, “It works for rehabilitation too, though it’s easier with new constructions. But we manage with rehabilitation projects as well”. It was mentioned that projects need to be larger than 20 million to justify the use of these tools, as smaller projects are simpler to manage manually. The primary contract forms used were total contracts and collaborative contracts.




4.3.2. Assessing the Current Value and Challenges of 5D BIM in Construction


The current utility of 5D BIM in cost estimation was a primary focus of the interviews conducted for this study. A common benefit identified across responses was the ease of information flow. This improvement in information accessibility has made it simpler to maintain an overview of quantities and changes during a project’s progression, facilitated by a visual model. As one estimator (#I2) remarked, “You have all the information in one model, a single point of reference”. This ease of managing changes and visualizing cost implications was echoed by another interviewee (#I2, a BIM Technician), who noted the convenience of automatically updating quantities in the BIM model.



The interviewees were also asked about the challenges faced by construction firms that have not implemented 5D BIM compared to those with dedicated BIM departments. An interviewee (#I1) pointed out the advantage of having internal expertise, which helps in posing the right questions to extract useful information from the model. Another participant (#I2) mentioned that building a model from scratch provides better control over the project and helps to identify challenges during the modeling phase. The importance of being able to quickly adjust and observe the cost implications of changes was a recurring theme in the responses.



Furthermore, the discussion explored how 5D BIM serves as a decision-making tool in the early stages of project design. The visual element of BIM, allowing for quick comparison and evaluation of different design alternatives, was highlighted as a significant advantage. One respondent (#I4, a Technology Leader at Sparkel) emphasized the direct comparability of different design bases, while another (#I5) pointed out the opportunity to explore various design options, enhancing control and flexibility in building projects.



The aspect of time-saving, a common benefit associated with BIM and other digital tools, was also explored. Although the participants indicated that using BIM for estimations does not necessarily save a lot of time, it offers other advantages. One respondent (#I2) noted that while model creation might take longer, the availability of listed quantities for quick extraction compensates for the time invested. The responses collectively suggested that while initial time investment in BIM is significant, the subsequent phases of the project benefit from improved information quality and traceability due to the digital nature of the process.




4.3.3. Cost Savings Trends in 5D BIM Implementation across Different Project Scales


The integration of 5D Building Information Modeling (BIM) into the construction process has been associated with a trend of increasing cost savings across projects of varying scales. Figure 5 illustrates the percentage of cost savings achieved from the years 2015 to 2022, categorized by project size: small, medium, and large.



Observing the cost savings trajectory, it is evident that larger projects have consistently realized higher percentages of cost savings over the years. This pattern aligns with the complexity and scope of large projects, where the benefits of 5D BIM, such as accurate cost estimations and enhanced coordination, are more pronounced due to the scale of operations and resources involved.



From a modest beginning in 2015, where the cost savings were relatively low across all project sizes, there has been a notable upward trend. Small projects have exhibited a gradual increase in cost savings, suggesting that while the impact of 5D BIM is beneficial, it is less significant compared to larger projects. This could be attributed to the smaller scope and less complexity, which may not require the full extent of 5D BIM capabilities to manage costs effectively.



Medium-sized projects show a more variable pattern, with a significant rise in cost savings after 2018, indicating a growing maturity in applying 5D BIM methodologies within this segment. This could reflect an intermediate level of complexity in projects where the cost management aspect of 5D BIM starts to significantly counteract the initial investment in technology and training.



The large projects display the most dramatic increase, particularly post-2018, reaching the highest level of cost savings among the three categories by 2022. This steep rise suggests that as the construction industry becomes more adept at utilizing 5D BIM for larger projects, the return on investment grows substantially, underscoring the scalability benefits of 5D BIM.



This data underlines the positive correlation between the size of the construction project and the relative cost savings imparted by 5D BIM, reinforcing the strategic advantage for early adopters of this technology. As the construction industry continues to evolve, these trends provide a compelling argument for the broader adoption of 5D BIM, particularly in larger-scale projects where the potential for cost efficiency is most significant.




4.3.4. Efficiency Gains in Cost Estimation with 5D BIM


The adoption of 5D Building Information Modeling (BIM) has been pivotal in enhancing the efficiency of cost estimation processes in construction projects. Figure 6 compares the time spent on cost estimation using traditional methods versus 5D BIM, highlighting a clear distinction in efficiency gains.



The frequency distribution for traditional methods shows a wider spread in the number of hours spent, with a notable peak around 15 h. This spread indicates variability and potential inefficiencies in the traditional cost estimation process. In contrast, the distribution for 5D BIM is more concentrated, with the majority of instances requiring significantly fewer hours, peaking sharply between 5 and 10 h. This suggests that 5D BIM provides a more streamlined and time-efficient approach to cost estimation.



Notably, the 5D BIM approach reduces the time spent on cost estimation by more than 50% in the majority of cases observed. This reduction in time is not only indicative of the direct efficiency gains but also suggests indirect benefits such as the reduction in labor costs and the ability to allocate time to other critical tasks within the project lifecycle.




4.3.5. Mitigating Cost Overruns through 5D BIM in Complex Projects


The integration of 5D Building Information Modeling (BIM) into construction projects has been instrumental in managing and mitigating cost over-runs, especially as project complexity increases. The scatter plot provided reveals the relationship between project complexity and cost overruns for projects utilizing traditional cost management methods versus those employing 5D BIM.



Figure 7 displays a discernible pattern of higher cost over-runs associated with traditional methods as project complexity grows, shown by the purple ‘X’ markers(Figure 8). These markers are scattered throughout the upper region of the graph, particularly as the complexity rating exceeds the midpoint of the scale. This trend underscores the challenges inherent in traditional cost management approaches when dealing with intricate project elements and coordination.



Conversely, the green ‘X’ markers (Figure 8), representing projects managed with 5D BIM, are primarily clustered towards the lower end of the cost over-runs axis, regardless of the complexity rating. This distribution indicates that 5D BIM effectively keeps cost over-runs to a minimum, even as project complexity rises. The concentration of green markers below the 5% cost over-run line emphasizes 5D BIM’s capability to deliver accurate cost predictions and control, affirming its value as a cost management tool.



This evidence from the field resonates with the paper’s findings that adopting 5D BIM can lead to significant improvements in managing the financial aspects of construction projects. While the figure itself focuses on cost overruns, it supports the broader results of the study by illustrating how 5D BIM contributes to a more resilient cost management strategy in the face of complex project demands. This resilience is paramount for construction firms aiming to maintain budgetary control and project profitability in an industry characterized by intricate and multifaceted projects.




4.3.6. The Future Path of 5D BIM Adoption in the Construction Industry


The anticipated timeline for the broad integration of 5D BIM within the construction industry is a subject of scholarly interest and industry speculation. Interviews with industry practitioners provided insights that align with current literature, indicating a trend where leading firms are spearheading the adoption of 5D BIM technologies [70]. Notably, large Norwegian contractors like Veidekke, Skanska, and AF have been identified as early adopters, utilizing 5D BIM at varying levels of complexity and integration.



The widespread adoption of 5D BIM is contingent upon advancements in software usability. Literature suggests that enhanced user interface design is critical for increased adoption across the industry [71]. A study by Liu et al. corroborates the view that streamlined software interfaces significantly affect the learning curve and usability for both large and small firms [72].



While individual predictions can vary, a consensus within academic and industry circles indicates that larger construction firms are likely to first normalize the use of 5D BIM, setting a precedent for smaller entities [73]. Moreover, influential public sector builders are recognized as key players in standard setting, which is essential for driving industry-wide change [74]



Technological innovations, such as the integration of AI and natural language processing, are posited to play a transformative role in the usability of 5D BIM. The development of tools that abstract the complexities of BIM and allow for more intuitive interaction, like recent AI-driven platforms, aligns with predictions of an accelerated transition to 5D BIM methodologies [75].



Discussions about the IFC standard reveal that, despite the advancements encapsulated in IFC 4, software tool compatibility remains a hurdle [76]. This reflects a gap between the development of standards and their practical implementation in software solutions.



The strategy employed by Sparkel and other innovators to enhance the frequency of 5D BIM usage by simplifying the user experience through better interaction design and AI is evidence of the industry’s response to these challenges. The shift towards platforms that utilize natural language for creating BIM models could democratize the technology, making it accessible to a wider range of professionals [77].



Concerning the challenges faced by developers, the literature on software innovation stresses the importance of sustained investment and a culture of risk-taking [78]. Feedback from industry partners reveals diverse levels of engagement and a demand for immediate value, especially from contractors. This is in contrast with sectors that are more amenable to gradual investment, recognizing the longer-term benefits and enduring the transition phase.






5. Discussion


In this chapter, the discussion revolves around the findings from the results section, using theories, collected data from interviews, and the authors’ own case study to address the main research question.



5.1. Software


The summary of experiences with various software used in the process provides insights into several key aspects such as utility, user-friendliness, and difficulty. The utility is found to be moderate, with noticeable variances in ease of use among different programs, particularly in areas like model navigation and uploading of IFC files. The challenge in using the software is significant, demanding a certain level of expertise to spot potential errors.



A collective evaluation of different software experiences reveals that Sparkel ranks as the most user friendly, followed by Bexel, with ISY Calcus being the most complex due to various encountered issues. Key evaluation criteria included interface design, functional capabilities, learning curve, and efficiency in IFC transfer, a noted problem area.



In a case study involving a simple model, the analysis suggests that new users might prefer software with lesser functionality but higher ease of use, such as Sparkel. ISY Calcus encountered technical difficulties in IFC file uploads, leading to inaccuracies or omissions in the model. Conversely, while Sparkel offers a more intuitive interface, it currently lacks some features found in more advanced software. However, its regular monthly updates and the recent integration of AI technology for IFC file extraction show its potential for growth.



The software industry, particularly in this sector, is witnessing dynamic competition, with startups like Sparkel rapidly evolving and challenging established players like ISY Calcus and Bexel. This competition is fostering innovation, with user feedback playing a pivotal role in guiding development, as indicated by a representative from Sparkel.



Despite the considerable potential of these software programs, a major challenge is the effective implementation of IFC files, which often results in unsuccessful attempts. This issue, underscored by an interviewee, points to a disconnect between software updates and upgrades in the IFC format.




5.2. Exploring the Current Application and Implications of Software in Construction


The interviews revealed that while there is a general perception of time saving with the use of 5D BIM, there is still potential for greater efficiency. Accuracy in cost estimation has been identified as a benefit, although there is room for improvement in terms of required expertise. Handling changes in projects has become simpler and more effective, yet the overall costs could be further optimized. The software programs themselves, particularly in terms of user-friendliness and technical capabilities, also have significant room for improvement, especially regarding IFC translation.



The exploration of these software programs aimed to assess their interfaces, capabilities, ease of use, and effectiveness in IFC transfer. A recurring issue was problems with elements missing or not being included in quantity calculations. While the software programs share the common ground of utilizing IFC files, their suitability varies based on project complexity. For instance, Sparkel’s user-friendly interface makes it more suitable for simpler projects compared to ISY Calcus and Bexel, which may overwhelm users with excessive information in straightforward models.



Each software program possesses unique strengths and weaknesses, influenced by their particular development environments. Notably, ISY Calcus stands out in the Norwegian market due to its integration with the NS3420 standard—a comprehensive Norwegian standard for construction and property management that specifies requirements for materials, products, and execution of work [79]. This integration is essential for companies like the AF Group that operate within Norway, as it ensures compliance with local construction norms and facilitates precise cost calculations, tender documentation, and project management. While other programs such as Sparkel may offer superior user interfaces or more efficient IFC (Industry Foundation Classes) import capabilities for BIM (Building Information Modeling) processes, they lack direct incorporation of NS3420. This omission can be a significant drawback for firms that prioritize adherence to national standards, as the alignment with NS3420 can streamline workflows, improve precision in cost estimation, and ensure regulatory compliance. Consequently, for companies operating in environments where NS3420 compliance is a necessity, the advantages of software alignment with such standards can overshadow other features, no matter how sophisticated they might be.



Measuring the full benefits and drawbacks of integrating cost estimation with BIM models is complex due to the uniqueness of projects. Therefore, it is vital to consider experiences from projects using 5D BIM and those that do not. The potential benefits of using 5D BIM include time and cost savings and increased ease of work. While the time-saving aspect might not be significant initially, it tends to grow as users develop templates, libraries, and expertise. Additionally, increased experience and competency are significant benefits, enhancing efficiency and quality with each project.




5.3. Current Utility


Interviewees generally have positive attitudes towards 5D BIM, recognizing its significant benefits in enabling quick changes, updating the entire model, and providing a rapid overview of cost changes. The greatest advantage of using 5D BIM is its ability to save time by avoiding the need to re-calculate quantities for every minor model change. Handling changes efficiently is repeatedly mentioned as a key benefit. The authors believe that easier change management leads to quicker and earlier modifications in the process. Accurate cost estimation is crucial in the bidding phase, especially when pricing multiple changes. Improved accuracy in cost estimations tied directly to the model updates, leading to more precise area calculations and likely time savings.



The incorporation of 5D BIM in projects offers a significant advantage over traditional methods, particularly in terms of the trustworthiness of estimates and efficiency. In the long run, it could become a requirement for large projects to ensure quality in bids from all parties. A minimum standard for models might also be necessary.




5.4. Current Challenges


The construction industry encounters notable hurdles in the pursuit of effective BIM implementation, particularly in terms of model quality and the establishment of a standardized communicative framework. Despite BIM’s maturation over the years, research indicates that there remains a significant gap in BIM competency across the industry [80]. This shortfall is not solely attributable to software limitations; indeed, the proficiency of practitioners in using BIM technology is a pivotal factor [81,82]. For instance, the recurrent challenge of inaccurate object labeling in models exacerbates the difficulties in cross-disciplinary collaboration between architects and engineers [83].



Advancements in the Industry Foundation Class (IFC) standards are widely recognized as essential for the evolution of BIM. While the implementation of the latest IFC4 standard is seen as a positive step towards better data interoperability, its adoption has been slow. The majority of BIM software still relies on the older IFC2x3 standard, which does not support the latest interoperability enhancements [84]. This lag in standard adoption may be attributed to the industry’s inherent conservatism and hesitation by management in large firms to invest in digital transformation despite acknowledging its potential benefits.



These challenges are compounded by the industry’s cautious approach to the adoption of new technologies. A study by Takyi and Zhang suggests that the reluctance to invest in digitalization stems from a complex mix of factors, including cost concerns, uncertainty about the return on investment, and the need for extensive staff retraining [85]. Additionally, the findings in the literature highlight that the top-down approach to technological adoption in larger construction firms often encounters resistance due to the perceived disruption it may cause to established workflows [86].




5.5. The Road Ahead


There is a continuous evolution in technology, with a need for industry leaders to believe in and invest in development. Alongside software development, raising competency levels is also crucial. Demand for advanced BIM applications could accelerate the adoption of new possibilities and put pressure on software providers. A common library for more efficient collaboration in 5D BIM and BIM, in general, could be a goal. Ensuring a universal naming standard, like NS8360, might simplify collaboration but must avoid becoming overly complex.



The potential integration of artificial intelligence in this field is exciting, though the industry is still far from fully relying on AI. The authors’ work on this project has affirmed the staying power of 5D BIM in the industry. Large companies must recognize the importance of making necessary investments to accelerate development. This report aims to highlight the opportunities that 5D BIM presents and the challenges that need addressing, particularly the need for a change in attitudes within the traditionally conservative construction industry.



Building upon the insightful findings and discussions surrounding the utilization of software in the construction industry, it is imperative to reflect on the broader educational and experiential learning context, as highlighted by Borkowski’s research on BIM education [87].The dynamic competition among BIM software platforms, such as Sparkel, Bexel, and ISY Calcus, not only underscores the importance of innovation in technological development but also emphasizes the critical need for an educated workforce capable of navigating these advancements. Borkowski’s emphasis on experiential learning and the development of a conceptual framework for BIM education resonates deeply with the current industry challenges and opportunities discussed.



The integration of BIM into educational curricula, as proposed by Borkowski, offers a viable solution to the competency gap observed in the construction industry. His advocacy for a shift from traditional lecture-based teaching to interactive, problem-solving educational environments mirrors the industry’s need for professionals who are not only technically proficient but also adaptable and innovative. The findings from our interviews and case studies suggest that the successful implementation of BIM, particularly 5D BIM, hinges on the ability of the workforce to efficiently use these software tools, underscoring the importance of Borkowski’s call for enhanced BIM education.



Moreover, the learning approach advocated by Borkowski could significantly contribute to bridging the gap between theoretical knowledge and practical application in the construction industry. This method, focusing on concrete experiences and reflective observation, aligns with the industry’s requirement for professionals who can effectively manage and implement BIM technologies. By fostering a deeper understanding of BIM through experiential learning, educational institutions can prepare students to navigate the complexities of modern construction projects, thereby enhancing the industry’s overall capacity to leverage BIM for improved efficiency, accuracy, and collaboration.





6. Conclusions


The exploration into the integration of 5D Building Information Modeling (BIM) within the construction industry has culminated in a nuanced understanding of the multifaceted challenges and opportunities that characterize this technological advancement. Central to our empirical findings is the revelation that while the potential of 5D BIM to significantly enhance project management and cost estimation is undeniable, its adoption is hindered by tangible obstacles. These obstacles, including software usability issues, interoperability challenges, and general industry resistance to shifting technological paradigms, represent not just technical barriers but also cultural and educational gaps within the sector.



Our analysis has demonstrated that the usability and interoperability of BIM software are critical pain points, affecting the efficiency with which professionals can implement 5D BIM methodologies. The difficulties in navigating these software interfaces and the complexities involved in managing IFC standards are not merely operational challenges but are indicative of a broader need for industry standards and educational programs that can bridge these gaps.



The opportunity for 5D BIM to revolutionize cost estimation and project management within the construction industry is profound. The empirical evidence supports the assertion that the effective implementation of 5D BIM can lead to more accurate, dynamic, and streamlined project management processes. This, in turn, underscores the critical need for a concerted effort to overcome the existing barriers to adoption. The industry must prioritize the development of more intuitive BIM software interfaces and the standardization of data exchange protocols to facilitate easier adoption and more effective utilization of 5D BIM technologies.



In response to our findings, we recommend the following actions for industry practitioners and software developers.




	
Software developers should focus on improving the user interface and experience of BIM software to lower the barrier to entry for professionals across the construction industry.



	
Industry bodies should work towards the standardization of IFC and other data exchange protocols to ensure interoperability across different BIM software, simplifying the process of model sharing and collaboration.



	
Educational institutions and professional bodies should develop and offer targeted training programs to upskill current professionals and educate new entrants about the nuances of 5D BIM, focusing on both technical skills and the strategic implications of its use.



	
Encourage collaboration among software developers, construction firms, and educational institutions to ensure that the evolution of 5D BIM technologies is aligned with the practical needs and challenges of the industry.








By addressing these recommendations, the construction industry can move towards a more integrated, efficient, and cost-effective approach to project management. This study’s conclusions, grounded in empirical evidence and analysis, offer a roadmap for overcoming the current barriers to 5D BIM adoption and harnessing its full potential to benefit the construction industry at large. Future research should continue to explore the evolving landscape of BIM technologies, focusing on longitudinal studies that assess the impact of these recommended actions on industry adoption and project outcomes.
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Figure 1. Illustrates the multifaceted components of the Five-Dimensional Building Information Modeling (5D BIM) framework. Central to the diagram is the ‘Building Information Modeling’ node, underscored by the pivotal dimensions: Geometry (3D), Time (4D), and Cost (5D). The surrounding nodes, delineated by a color scheme, denote the integrated processes and outcomes: yellow for management activities (e.g., Budgeting, Cost Estimation, Scheduling), blue for objectives (e.g., Sustainability, Energy Efficiency), and purple for the core BIM dimensions. 
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Figure 2. Compilation of key resources for Five-Dimensional Building Information Modeling (5D BIM) research. 
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Figure 3. Flowchart of research methodology for Five-Dimensional Building Information Modeling (5D BIM) study. 
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Figure 4. Demonstration of quantitative control and quality assessment in: (a) Revit, with a focus on compliance with design standards; (b) Sparkel, highlighting performance specification metrics; and (c) ISY Calcus, emphasizing the identification and rectification of errors. 






Figure 4. Demonstration of quantitative control and quality assessment in: (a) Revit, with a focus on compliance with design standards; (b) Sparkel, highlighting performance specification metrics; and (c) ISY Calcus, emphasizing the identification and rectification of errors.



[image: Infrastructures 09 00075 g004a][image: Infrastructures 09 00075 g004b]







[image: Infrastructures 09 00075 g005] 





Figure 5. The Bexel viewer displays various elements where color coding, icons, and symbols provide insights into project data. The pie charts use color segments to represent proportions of different categories within the overall project scope, such as cost or material allocation. Icons and symbols within the interface likely correspond to specific functionalities, like navigation, editing, or data visualization tools, enabling an interactive exploration of the 5D estimation data. The detailed model in the center illustrates a structural component, possibly using color gradients or transparency to denote status or selection, facilitating a visual correlation with the quantitative data [25]. 
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Figure 6. Trend analysis of cost savings achieved through Five-Dimensional Building Information Modeling (5D BIM) adoption in construction projects of varying sizes from 2015 to 2022. 
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Figure 7. Comparative histogram employs two color patterns to distinguish between two methods of cost estimation. The teal crosshatch pattern represents the frequency of time spent using 5D Building Information Modeling (5D BIM) techniques, while the solid orange color denotes the traditional methods. These color distinctions allow for quick visual comparison of the time investment required for cost estimation by each method across various frequency intervals. 
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Figure 8. Impact of Five-Dimensional Building Information Modeling (5D BIM) on cost over-runs across varying levels of project complexity. 
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Table 1. Building Information Modeling (BIM) software tools.
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	Software
	Description





	Autodesk Revit 2023 [49]
	A leading tool in BIM for designing, visualizing, and coordinating building projects. It enables efficient data management and integrates changes across the model. Revit supports all building disciplines, facilitating collaboration, and offering 3D visualization, film, and VR capabilities.



	Graphisoft Archicad 26 [50]
	Known as the first tool for creating 3D models, initially developed in the 1980s for designing nuclear power plants, Archicad has a leading role in buildingSMART and is renowned for its modeling capabilities.



	Solibri v9.12 [51]
	A tool for analyzing, visualizing, quality assuring, and communicating in BIM. It uses the IFC open format for compatibility with all BIM tools, making it an essential tool for advanced model checking and quality assurance in BIM projects.



	Sparkel v1.4 [52]
	A relatively new, web-based platform that allows for quantity extraction from IFC files and creating custom measurement forms within models. It offers the ability to share links to quantities and add multiple models to a project. Sparkel continuously updates, including recent features for querying AI (GPT-4) for quantities and information from design documents.



	BEXEL Manager v3.9.2 [25]
	A BIM software integrating dimensions up to 6D, simplifying cost and time estimation. It offers cloud-based solutions and facilitates project monitoring, including using the EVM method and the critical path method for time management. The focus of this study is on the 5D cost estimation aspect of BEXEL Manager, known for significant cost-saving potentials.



	Autodesk Navisworks Manager 2023 [53]
	4D and 5D—Owned by Autodesk, Navisworks Manager supports both automatic and manual linking of schedule data from various timeline applications. It also allows for quantity takeoffs and model rendering, making it a versatile tool in 4D and 5D BIM contexts.



	iTwo v2021 [54]
	5D—iTwo is a software focused on delivering data for 5D BIM. It enables functionalities such as estimation, tendering, planning, subcontractor management, cost control, and billing processes, making it a comprehensive tool for 5D implementation.



	Trimble Vico Office v2022 [55]
	5D and 4D—Owned by Trimble, Vico Office offers model reviewing, quantity takeoff and estimation, planning, and project control. In its 4D capabilities, it provides a comparison between planned and actual scheduling with 4D visualization, enhancing project management and timeline tracking.










 





Table 2. Demographic overview of interviewees.
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	Interviewee
	Role
	Interview Duration (min)





	1
	Acquisition Manager
	23



	2
	BIM Technician
	15



	3
	Estimator
	27



	4
	Technology Leader
	19



	5
	BIM and Digitalization Manager
	26



	6
	Technology Leader (Sparkel)
	22










 





