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Abstract

Construction project management often faces inefficiencies due to the fragmented use of established methodologies.
While the Project Management Institute (PMI) framework provides a robust process-oriented structure, its application
in construction rarely integrates with digital tools. Likewise, Building Information Modeling (BIM) delivers proven
value in visualization, coordination, and cost control, yet it is commonly implemented in isolation. This disconnects
leads to cost overruns, delays, and inconsistent outcomes, especially in developing contexts. This paper proposes an
integrated model that bridges PMI processes and BIM capabilities to optimize project delivery. The research addresses
a critical gap by aligning PMI’s PMBOK® and its Construction Extension with BIM-based modeling and simulation.
The methodology combines: (i) a comparative mapping of PMI processes and BIM phases, (ii) a Revit 2025 prototype
simulation to test planning reliability, clash detection, and cost performance, and (iii) validation workshops with
industry experts to assess organizational barriers. Preliminary findings indicate improvements in schedule reliability,
early interference detection, and budget predictability. These results suggest that PMI-BIM integration enhances
informed decision-making, standardizes workflows, and contributes to digital transformation in construction
management. The study offers practical value for both public and private projects by providing a replicable framework
for resource optimization and risk reduction.
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1. Introduction

The construction industry has long faced persistent challenges related to productivity, cost overruns, and schedule
delays. Global studies indicate that projects often fail to meet expected performance targets, creating inefficiencies
that limit value delivery across the lifecycle (Hu & Du, 2014). These issues remain particularly critical in developing
contexts, where digital maturity is still low and management practices tend to rely on traditional, fragmented
approaches. Recent research emphasizes the importance of digital transformation and methodological integration as a
pathway to overcome these systemic inefficiencies (Fatai et al., 2025).

Among the methodologies with the greatest impact on project performance, the Project Management Institute
(PMI) standards and Building Information Modeling (BIM) stand out as widely recognized. PMI, through the
PMBOK® Guide and its Construction Extension, provides a process-based framework that structures planning,
monitoring, and control activities across the project lifecycle (PMI, 2017). This framework enables decision-makers
to establish systematic procedures for scope definition, cost control, scheduling, and risk management, ensuring
consistency and accountability. BIM, in turn, has proven to be a transformative digital tool in construction projects,
offering advanced visualization, interdisciplinary coordination, and precise resource quantification (Anwar et al.,
2024). Studies have demonstrated that BIM adoption contributes to reducing design conflicts, detecting clashes at
early stages, and enhancing overall project predictability (Ghaffarianhoseini et al., 2017).

Despite these individual strengths, PMI and BIM are often implemented in isolation, limiting their combined
potential. PMI methodologies are generally applied as managerial frameworks disconnected from digital modeling
practices, while BIM tends to be adopted as a technical tool with little alignment to structured management processes
(H. Liu et al., 2019). This disconnect undermines the ability of project teams to anticipate risks, standardize workflows,



and ensure reliable BIM decision-making. Succar and Kassem (2015) argue that the absence of methodological
integration restricts the maturity of BIM practices, while Guo and Zhang (2022) highlight that variability and
uncertainty remain under-addressed in construction planning when process and technology are not jointly considered
(Guo & Zhang, 2022; Succar & Kassem, 2015).

Existing research has advanced discussions on digital transformation in construction, particularly exploring
synergies between BIM and Lean Construction principles. For example, Fatai et al. (2025) showed that combining
digital technologies with Lean practices improves collaboration, workflow efficiency, and data-driven decision-
making (Fatai et al., 2025). Similarly, Succar and Kassem (2015) highlighted the role of BIM in enhancing project
design and planning within the construction industry. However, while these studies demonstrate the benefits of digital-
process integration, they primarily focus on Lean principles or sustainability objectives (Aslam et al., 2020), leaving
a gap regarding the alignment of PMI standards with BIM functionalities. This gap is especially relevant in contexts
with organizational resistance, limited training, and fragmented implementation of technologies, where construction
projects remain vulnerable to inefficiencies and risks.

Addressing this gap requires a framework that connects the structured, process-oriented perspective of PMI
with the modeling, visualization, and analytical capacities of BIM. Such integration has the potential to strengthen
planning reliability, improve risk anticipation, and optimize resource management. Furthermore, it responds to the
industry’s ongoing need to reduce variability and uncertainty, a challenge repeatedly identified in construction
management literature (Guo & Zhang, 2022).

This paper proposes a methodological model that bridges PMI processes with BIM capabilities to optimize
construction project delivery. The study combines comparative mapping of PMI processes and BIM phases, digital
simulation of a prototype project in Revit 2025, and expert validation workshops. Preliminary results suggest that the
framework enhances schedule reliability, enables early detection of design clashes, and improves cost predictability.
The contribution of this work is twofold: first, it addresses a critical gap in the literature by providing a structured
PMI-BIM integration model; second, it offers practical value by delivering a replicable approach to support digital
transformation in both public and private projects.

2. Methodological Design

This research adopts a mixed-methods approach to design, test, and validate an integrated PMI-BIM framework. The
combination of qualitative and quantitative techniques enables both the conceptual development of the model and the
empirical evaluation of its impact. The methodological structure was organized into three sequential phases:
comparative mapping, digital simulation, and expert validation.

2.1 Comparative Mapping of PMI Processes and BIM Phases

The first phase consisted of a systematic comparison between PMI process groups and BIM functionalities. PMI, as
defined in the PMBOK® Guide and its Construction Extension, organizes project management into five process
groups: initiating, planning, executing, monitoring and controlling, and closing. Each process group was analyzed in
relation to BIM capabilities across project lifecycle phases, such as design, modeling, simulation, and 4D/5D
integration.

The mapping was carried out through document analysis and cross-referencing, identifying overlaps and
synergies where BIM can strengthen PMI processes. For example, BIM’s clash detection supports PMI’s risk
management activities, while BIM-based 5D estimation aligns with PMI’s cost management processes. This
methodological step builds on prior research demonstrating the potential of BIM to enhance coordination, planning
reliability, and decision-making (Anwar et al., 2024; Barlish & Sullivan, 2012; Moon et al., 2015) The mapping served
as the conceptual foundation for the integrated model.

2.2 Simulation of a Prototype Project in Revit 2025

The second phase tested the proposed framework through the simulation of a prototype project using Autodesk Revit
2025. The prototype represented a mid-sized institutional building with approximately 1,500 m? of built area, including
architectural, structural, and MEP components. Key functional areas such as classrooms, service facilities, and
circulation spaces were modeled to ensure interdisciplinary coordination and realistic complexity. The simulation was
designed to measure improvements in three areas:

e Planning reliability: assessed by comparing scheduled vs. simulated activity durations.



e  Clash detection: quantified by identifying conflicts detected during the design phase.
o Cost predictability: evaluated through 5D BIM take-offs and cost forecasts aligned with PMI’s cost
management processes.
Outputs such as 4D construction sequencing and 5D estimation were linked with PMI’s planning and monitoring
processes. This approach reflects similar applications in BIM-based studies focused on quality control, lifecycle
management, and waste reduction (Anwar et al., 2024; Liphadzi et al., 2024). The simulation provided quantitative
evidence of how PMI-BIM integration can reduce uncertainty and improve project predictability.

2.3 Expert Validation Workshops

The third phase consisted of validation workshops with industry professionals. A total of eight experts participated,
representing four key disciplines: project management, BIM implementation, cost estimation, and design engineering,
with two professionals per field. All participants were early- to mid-career practitioners with 3 to 7 years of experience,
ensuring a balanced mix of perspectives across project delivery functions.

The workshops involved interactive sessions in which the proposed framework and simulation results were
presented. Participants provided feedback on:

e  The practical applicability of the model.

e Potential organizational barriers to adoption (e.g., training costs, digital maturity).

e  Opportunities for implementation in public vs. private projects.
This step was informed by prior research emphasizing cultural and organizational readiness as critical to digital
transformation in construction (Fatai et al.,, 2025; Wellman et al., 2023). The systematically coded feedback
contributed directly to refining the framework and enhancing its relevance for real-world application.

2.4 Data Analysis Approach

The analysis combined quantitative outputs from the simulation with qualitative insights from expert validation. For
planning reliability, indicators included schedule variance and deviation from baseline durations, consistent with prior
studies on variability in construction planning (Guo & Zhang, 2022; Kroll & Neri, 2009). For cost predictability,
differences between forecasted and simulated quantities were used as metrics. Qualitative feedback was categorized
into enablers and barriers, supporting a comprehensive evaluation of the framework.

2.5 Research Rationale

The decision to combine mapping, simulation, and expert validation responds to the need for methodological
robustness in construction research. Previous studies have relied primarily on either surveys (Leon et al., 2024b) or
literature reviews (Kroll & Neri, 2009), but few have integrated conceptual, empirical, and experiential data into a
single research design. By structuring the methodology into complementary phases, this study ensures both theoretical
rigor and practical applicability.

In summary, the methodology provides a systematic pathway to design, test, and validate the proposed PMI-
BIM integration model. It ensures that the framework is not only theoretically grounded but also empirically tested
and contextually adapted to address barriers in construction project management (Ledn et al., 2025).

3. Results

The integrated PMI-BIM framework was applied to a prototype construction project to evaluate its effectiveness in
addressing fragmentation and improving project performance. The results are presented in five key areas: planning
reliability, clash detection, cost predictability, workflow and expert validation.

3.1 Framework Application and Key Results

The application of the PMI-BIM integration framework to the prototype project demonstrated measurable
improvements across planning, coordination, and cost management. As shown in Figure 1, the framework aligns PMI
processes with BIM functionalities through three layers: process alignment, digital tool application, and validation
mechanisms. In terms of planning reliability, the integration of PMI scheduling processes with BIM-based 4D



2.

sequencing improved schedule adherence. The prototype simulation revealed an average 18% reduction in variance
compared to baseline durations, with structural and finishing activities showing the greatest gains. Embedding BIM
simulations into PMI’s monitoring and control processes enabled project teams to anticipate disruptions and adjust
resources more effectively.

For clash detection and risk reduction, the Revit 2025 model identified 42 clashes between structural and
MEP components during the design stage. By aligning this process with PMI’s risk management framework, conflicts
were systematically documented, prioritized, and resolved before execution. This not only minimized costly rework
but also enhanced interdisciplinary communication through collaborative planning workshops.

Finally, regarding cost predictability, the integration of 5D BIM for quantity take-offs and forecasting
reduced deviations between forecasted and simulated costs by 12% compared to traditional estimation methods.
Embedding 5D outputs into PMI’s cost management processes allowed for more reliable cash flow projections and
sensitivity analyses. Early detection of material variations, such as concrete and steel quantities, supported proactive
procurement strategies and improved financial control. Taken together, these results highlight the capacity of the PMI—
BIM framework to strengthen project delivery by reducing uncertainty, improving coordination, and enhancing
financial predictability, thereby providing a scalable model for digital and methodological transformation.

Comparison: Traditional vs PMI + BIM

854
Traditional

80 PMI + BIM
1%

613

Percentage (%)
Now e w @
s 8 &8 8 &

8

o
15

o

o -
petec™ R iadW

Fig. 1. Proposed PMI-BIM Integration Framework for Construction Project Optimization

3.2 Workflow Standardization

Beyond individual indicators, the integration fostered a more standardized workflow across disciplines. The
comparative mapping of PMI and BIM phases allowed the project team to establish a set of process templates,
including risk registers linked to clash detection, schedule baselines connected to 4D simulations, and cost baselines
integrated with 5D outputs. These templates promoted consistency and transparency in decision-making, reducing
reliance on individual expertise and enhancing institutional knowledge. This aligns with literature emphasizing the
role of standardization in reducing variability and improving efficiency in construction projects (Arashpour &
Arashpour, 2015; Hamzeh et al., 2015).

3.3 Expert Validation Feedback

The validation workshops with construction professionals provided qualitative evidence of the framework’s
applicability. Experts highlighted the potential of the model to improve decision-making, particularly in early project
stages where uncertainty is highest. They recognized the value of linking managerial processes with digital tools,
describing the framework as a bridge between “what should be done” and “how it is modeled.” However, concerns
were raised regarding barriers such as training costs, lack of skilled personnel, and resistance to organizational change.
These observations reflect findings from previous studies on the cultural and financial barriers to BIM adoption (Leén
& Guevara, 2023; Yanchi Liu et al., 2013). The feedback was incorporated into a revised version of the framework,
emphasizing the need for gradual implementation strategies and capacity-building programs.

3.4 Synthesis of Results

Overall, the results indicate that the proposed PMI-BIM integration enhances predictability, reduces risk, and provides
financial transparency across the project lifecycle. As summarized in Table 1, the framework demonstrated significant
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improvements compared to traditional approaches, including reductions in schedule variance (+25% to +7%), more
effective clash detection (5—10 late vs. 42 early identifications), and higher cost predictability (£20% to £8%).
Workflow standardization also shifted from ad hoc practices to systematic use of templates. Qualitative insights from
experts further confirmed the practical value of the framework, while highlighting organizational challenges that must
be addressed for successful implementation. Together, these findings position the PMI-BIM integration model as a
viable strategy for optimizing construction project delivery and advancing digital transformation in the sector.

Table 1. Summary of PMI-BIM Integration Results

Indicator Traditional Approach PMI-BIM Framework
Planning Reliability (variance from baseline) +25% deviation +7% deviation
Clash Detection (structural-MEP conflicts) 5-10 identified late 42 detected early
Cost Predictability (forecast vs. actual) +20% deviation +8% deviation
Workflow Standardization (process templates used) Low / ad hoc High / systematic
Expert Feedback (perceived value) Limited High

4. Discussion

The results of this study confirm the potential of integrating PMI processes with BIM functionalities to enhance
construction project management. The improvements observed in planning reliability, risk reduction, and cost
predictability address the persistent issues of variability, uncertainty, and inefficiency that characterize the industry.
This discussion interprets these findings in light of prior research and explores their implications for both theory and
practice.

4.1 Advancing Planning Reliability

One of the most significant contributions of the framework is its ability to improve schedule adherence through the
integration of PMI planning processes with BIM’s 4D sequencing. Variability in activity durations has been widely
identified as a critical challenge in construction (Andujar-Montoya et al., 2020; Landim et al., 2022) . Our results
show that embedding BIM simulations within PMI’s monitoring and control processes directly addresses this
challenge, reducing deviations and improving task flow consistency. This aligns with Fatai et al. (2025), who
emphasized that digital tools must be complemented with structured processes to achieve sustainable improvements
in planning reliability.

4.2 Strengthening Risk Management

The capacity to detect and resolve 42 clashes during the design stage illustrates the added value of integrating BIM’s
technical capabilities with PMI’s risk management framework. While BIM alone has been recognized for improving
interdisciplinary coordination (Onososen & Musonda, 2024), its impact is amplified when combined with systematic
risk identification, prioritization, and response planning. This confirms earlier arguments that digital transformation
in construction requires not only technological adoption but also methodological alignment (Succar & Kassem, 2015).
The framework therefore contributes to a more proactive and preventive approach to risk management, reducing costly
rework and delays.

4.3 Enhancing Financial Predictability

The results also demonstrate that PMI-BIM integration supports more accurate cost forecasting. By linking 5D outputs
with PMI’s cost management processes, deviations between forecasted and simulated costs were reduced by 12%.
This finding resonates with studies that highlight BIM’s role in improving financial performance (Leo6n et al., 2025).
However, the novelty of our framework lies in showing how cost predictability is further strengthened when BIM is
embedded in a standardized managerial structure. This dual perspective, technological and procedural, offers a
replicable pathway to improve financial reliability in projects.
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4.4 Contribution to Workflow Standardization

Beyond specific indicators, the framework fostered the creation of templates that institutionalize best practices, such
as linking risk registers to clash detection or connecting cost baselines to 5D estimation. Standardization has been
identified as a key enabler for reducing variability and improving efficiency in construction projects (M. Liu et al.,
2011). By formalizing the interaction between PMI and BIM, the framework promotes consistency and reduces
dependency on individual expertise, thus enhancing organizational learning and knowledge transfer.

4.5 Practical Implications and Barriers

Feedback from expert validation highlighted both opportunities and barriers. On the positive side, practitioners
recognized that the framework provides a tangible bridge between managerial theory and digital practice. This is
critical in contexts where project teams often struggle to operationalize abstract standards. On the negative side,
concerns were raised about limited digital maturity, high training costs, and cultural resistance, barriers consistently
reported in previous BIM adoption studies (Aigbavboa et al., 2025). These findings underscore that technical
integration alone is insufficient; successful implementation also requires organizational readiness, investment in
capacity-building, and change management strategies.

4.6 Positioning within Broader Industry Trends

The proposed PMI-BIM integration contributes to ongoing discussions about digital transformation in construction.
Previous research has mainly examined BIM in relation to Lean principles or sustainability objectives (Heigermoser
et al., 2019b). By focusing on PMI, this study broadens the scope of integration models, offering an alternative that
emphasizes process reliability, cost predictability, and risk management. Moreover, the results resonate with calls for
greater alignment between management methodologies and industrialized construction practices, which also seek to
reduce variability and enhance efficiency (Vasquez-Hernandez et al., 2022).

4.7 Limitations and Future Research

While the findings are promising, this study has limitations. The simulation was conducted on a single prototype
project, which does not reflect the complexity of large-scale, multi-stakeholder environments. Expert validation,
though valuable, was also limited in sample size and geographical scope, restricting the generalizability of the results.
To strengthen empirical support, future research should extend validation through multi-case applications and real-
world projects across diverse contexts. Such investigations would demonstrate the framework’s robustness under
different contractual models, regulatory conditions, and organizational structures. Testing in complex infrastructure
projects, such as hospitals, transportation hubs, or high-rise developments, would provide further evidence of
scalability and practical impact.

In scaling up, strategies such as phased implementation, workforce training, and interoperability with
complementary approaches (Lean Construction, Industrialized Construction, Digital Twins) may be required. These
directions would support the evolution of the framework into a versatile and globally adaptable model for digital and
methodological transformation in construction. In summary, PMI-BIM integration addresses a critical gap in project
management. It enhances technical performance while advancing methodological alignment, providing a replicable
and scalable model for digital transformation. By combining theory, simulation, and practice, the framework offers
actionable strategies to reduce variability, increase predictability, and improve overall project outcomes.

4.8 Practical Roadmap for Implementation

The adoption of the PMI-BIM framework requires a phased approach to address barriers such as training costs, digital
maturity, and organizational resistance. A practical roadmap begins with pilot projects to demonstrate value, followed
by capacity building through targeted training. Next, process standardization aligns PMI workflows with BIM tools,
enabling consistency and reliability. Once established, organizations can scale implementation across multiple
projects, integrating complementary methods such as Lean Construction or Digital Twins. Finally, continuous
improvement mechanisms ensure sustained adoption through performance monitoring and feedback loops. This



structured progression provides a clear pathway from prototype validation to large-scale application, offering
practitioners both feasibility and long-term impact.

5. Conclusions

This study proposed and validated an integrated framework that bridges PMI processes and BIM functionalities to
improve construction project management. The framework was tested through a prototype simulation and expert
validation, generating evidence of its capacity to enhance planning reliability, risk reduction, and cost predictability.
From a theoretical perspective, the research contributes by addressing a gap in literature. While BIM has been studied
extensively in relation to Lean principles and sustainability (Andijar-Montoya et al., 2020), little attention has been
given to its alignment with PMI standards. This paper fills that void by presenting a structured model that combines
the process orientation of PMI with the analytical and visualization capacities of BIM.

From a practical perspective, the framework provides a replicable methodology for construction
professionals. By embedding 4D and 5D BIM outputs within PMI’s planning, cost, and risk management processes,
the model enables more reliable decision-making and standardized workflows. The results show measurable
improvements in reducing schedule variance, identifying design clashes before execution, and increasing financial
predictability. These findings highlight the value of methodological and digital integration for both public and private
projects. Nevertheless, the study also reveals persistent barriers to implementation, such as limited digital maturity,
high training costs, and organizational resistance. These challenges, noted in prior research on BIM adoption (Succar
& Kassem, 2015), confirm that technical integration must be accompanied by cultural and institutional transformation.
Capacity-building initiatives phased adoption strategies, and stronger alignment with organizational policies are
necessary to maximize the benefits of the proposed framework.

Future research should expand validation to larger and more diverse case studies, applying probabilistic
analysis to quantify the impact on schedule and cost reliability. Additionally, investigating synergies with Lean
Construction and industrialized methods could enrich the model, offering a more comprehensive approach to digital
transformation in construction. In conclusion, the proposed PMI-BIM integration represents a viable pathway to
improve predictability, efficiency, and resilience in construction project delivery. By combining managerial structure
with digital capability, it contributes both to academic discourse and to practical solutions for an industry facing
growing demands for reliability and innovation.
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