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ABSTRACT
As large-scale construction enterprises transition toward mandatory digital delivery, the integration of Building Information Modelling (BIM) frequently fragments across diverse project typologies and deep-rooted traditional workflows. This paper presents a Design Science Research (DSR) case study detailing the development and implementation of a centralised digital governance framework, the Governance Triad, at PT Hutama Karya (Persero), a massive Indonesian state-owned enterprise. Deployed across a portfolio of 60 active construction projects, the framework integrates a mandated Regulatory Layer, a standardised Resource Layer, and a continuous Validation Layer. Utilising a weighted, 110-point Digital Construction (DC) Parameter, the enterprise tracked compliance monthly, yielding an 86.47% enterprise average. This data empirically demonstrated the framework's capacity to rapidly accelerate digital onboarding for New Projects while successfully forcing Legacy Projects to correct fragmented data habits. Crucially, internal capability mapping and a subsequent external ISO 19650 surveillance audit, which yielded zero non-conformities, triangulated persistent industry friction. Both evaluations exposed the "Compliance Trap", identifying distinct bottlenecks regarding 5D procurement integration by traditional Quantity Surveyors. By utilising these empirical findings to iteratively calibrate the framework for 2026, mandating cross-functional BIM utilisation for material procurement and project monitoring, this research demonstrates how centralised governance can shift an enterprise from passive digital compliance to active operational value.

1. INTRODUCTION
The global construction industry is undergoing a profound paradigm shift, transitioning from localised, software-centric Building Information Modelling (BIM) toward holistic, enterprise-wide Information Management. The ongoing evolution of the ISO 19650 standard series has formalised this shift, emphasising that the primary objective of Digital Construction (DC) is no longer solely the authoring of 3D geometry, but the strategic governance of data, stakeholder communication, and process modelling across the entire asset lifecycle (Abanda, F.H., et.al., 2025). However, while individual "flagship" projects frequently demonstrate high levels of digital sophistication, achieving this maturity at an enterprise scale remains a severe operational challenge. Large construction enterprises frequently suffer from structural fragmentation: when digital implementation is decentralised and left to the discretion of individual project managers, the resulting data silos prevent the enterprise from harnessing standardised analytics, 4D schedule optimisation, and 5D procurement control.
Recent empirical studies highlight that the deployment of BIM technology does not automatically correlate to improved project outcomes. Without strong centralised governance and standardised execution plans, project teams often fall into the "Compliance Trap", authoring geometric models solely to satisfy contractual audits, without integrating the semantic data into the Common Data Environment (CDE) for daily operational decision-making. This friction is most pronounced in commercial workflows. Despite the technological capabilities of 5D BIM, integration remains hindered by deeply rooted professional silos and inconsistent model quality (Keung, C.C.W., Yiu, T.W., & Feng, Z., 2022). Traditional Quantity Surveyors (QS) often exhibit a lack of "Commercial Trust" in automated Material Take Off (MTO) extractions from federated models. They frequently revert to manual 2D calculations due to incompatibilities between early-stage BIM model development, default software setting parameters, and standard QS measurement methods (Mayouf, M., Gerges, M., & Cox, S., 2019).
This fragmentation is significantly worsened within large-scale, state-owned enterprises that manage highly diverse infrastructure portfolios. These organisations must frequently navigate complex dual-role mandates, acting simultaneously as the Lead Appointed Party (Main Contractor) managing technical execution, and the Appointing Party (Owner/Developer) governing long-term asset data. To bridge the gap between theoretical ISO 19650 standards and actual on-site execution across these disparate divisions, central corporate authorities must develop structural frameworks that mandate, standardise, and continuously measure digital adoption across all supply chains. Organisational BIM capability relies heavily on centralised strategy, standardised procedures, and strict information management to successfully scale digital workflows beyond isolated, individual projects (Phung, Q. & Tong, N., 2021).
To address this systemic industry gap, this research applies Design Science Research (DSR) methodology. DSR is advocated as an optimal methodology for BIM research, as it moves beyond passively observing existing construction phenomena to actively designing, deploying, and evaluating practical artefacts that transform current work practices (Kehily, D. & Underwood, J., 2015). Consequently, this study evaluates the enterprise-wide deployment of a centralised digital artefact, the Governance Triad, at PT Hutama Karya (Persero), a massive Indonesian state-owned enterprise. By analysing a continuous, 9-month empirical tracking cycle (April–December 2025) across 60 active construction projects utilising a calibrated 110-point evaluation metric, this paper investigates how centralised "Hard Gate" mandates accelerate digital onboarding for new projects while successfully correcting fragmented legacy habits. Furthermore, triangulated against a formal external ISO 19650 surveillance audit conducted by the British Standards Institution (BSI), this study identifies the specific cultural and technical friction points that hinder 5D procurement integration, presenting an iterative, data-driven governance model to shift enterprises from passive digital compliance to active operational value.

2. LITERATURE REVIEW

2.1 Enterprise-Scale Digital Transformation and ISO 19650
The global transition from isolated, geometry-focused 3D modelling toward comprehensive, lifecycle Information Management is not a recent phenomenon, rather, it is the culmination of decades of progressive standardisation. This paradigm shift was fundamentally initiated in the 1990s through early BIM research and the foundational development of Industry Foundation Classes (IFC) to address systemic industry silo-ing (Eastman, C., 1999). Building upon this early conceptual framework, the push for standardised construction information was heavily advanced by the British Standards Institution (BSI) through the publication of BS 1192:2007+A2:2016 (BSI, 2016) and PAS 1192-2:2013 (BSI, 2013). These precursor standards successfully established the operational mechanics of the CDE and collaborative information exchange. Consequently, the subsequent publication of the ISO 19650 series did not invent these workflows, but rather marked their critical internationalisation. ISO 19650 provides a structured, globally recognised framework that enhances stakeholder communication and process modelling, making complex digital concepts accessible to multidisciplinary teams across the project lifecycle (Abanda, F.H., et.al., 2025). However, literature indicates that translating these theoretical international standards into enterprise-wide standard operating procedures remains exceptionally complex. Implementing BIM at an organisational scale cannot rely solely on technological procurement, it fundamentally depends on centralised strategy, standardised processes, and robust information management structures to build true organisational capability (Phung, Q. & Tong, N., 2021). Without a unified corporate governance framework, massive infrastructure portfolios managed by state-owned enterprises inevitably fracture into localised data silos, preventing the realisation of macro-level digital benefits.

2.2 The "Compliance Trap" and 5D Procurement Friction
A recurring theme in contemporary DC literature is the profound friction between advanced digital workflows and deep-rooted traditional roles, particularly within commercial management. While structural engineers and architects have largely adopted 3D authoring, integrating the 5D for cost estimation remains severely hindered. Inconsistent geometric model quality, improper implementation, and the absence of well-recognised BIM standards severely limit BIM adoption in QS practices, frequently leading to professional resistance and inaccurate project estimates (Keung, C.C.W., Yiu, T.W., & Feng, Z., 2022).
Consequently, projects fall into the "Compliance Trap", where geometrically detailed 3D models are produced strictly to satisfy contractual audits, but daily execution and commercial procurement remain reliant on disconnected 2D manual calculations. Furthermore, this friction is worsened by a fundamental lack of commercial trust. QS frequently reject automated MTO extractions because 3D models are typically developed by designers using default software settings that fail to align with traditional QS rules of measurement (Mayouf, M., Gerges, M., & Cox, S., 2019). Overcoming this bottleneck requires governance structures that mandate multidisciplinary integration rather than isolated 3D modelling.

2.3 Design Science Research in Digital Construction
To address these systemic operational gaps, traditional, purely observational academic methods are often insufficient. Resolving enterprise-level digital fragmentation requires the development of prescriptive, practical solutions that can be actively tested in the field. DSR is advocated as an optimal methodology for BIM-related investigations because it moves beyond passively describing existing industry phenomena to actively outlining a formulated process to design, deploy, and evaluate a new technological artefact or practice (Kehily, D. & Underwood, J., 2015). In the context of DC governance, DSR allows an enterprise to implement centralised corporate mandates (the artefact), continuously measure their operational friction across highly diverse project portfolios, and iteratively refine the system to drive cultural and behavioural alignment. Within this enterprise transformation context, the Governance Triad functions as the actively designed operational artefact, instantiating all four artefact types identified in DSR theory (March, S.T. & Smith, G.F., 1995): the shared vocabulary and roles established under ISO 19650 form the constructs, the 110-point DC Parameter forms the model, the mandated SOPs, standardised templates, and Hard Gate procedures form the method, and its deployment across the 60-project portfolio forms the instantiation.

3. METHODOLOGY
To resolve the structural fragmentation of digital adoption across a massive enterprise portfolio, this research applied DSR methodology to develop a centralised operational framework at PT Hutama Karya (Persero). Rather than relying on isolated, project-level BIM initiatives, the enterprise constructed the "Governance Triad", a three-layered artefact designed to standardise Information Management across all corporate divisions.
In accordance with established design-science principles (Hevner, A.R., et.al., 2004; Hevner, A.R., 2007), the development of this artefact was governed by three iterative cycles (Fig. 1). The Relevance Cycle identified the operational requirements of the business environment, specifically the need to resolve the Compliance Trap across the 60-project portfolio. The Rigor Cycle grounded the framework in established theoretical knowledge, ensuring the methodology strictly adhered to the ISO 19650 standard series. Finally, the central Design Cycle drove the actual construction and continuous evaluation of the artefact itself, which was systematically divided into three operational components.
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Figure 1: Design Science Research Diagram.

3.1 The Regulatory Layer
The foundation of the Triad is the establishment of absolute corporate mandates. Operating under ISO 19650 principles, the central authority formalised these requirements into enterprise-wide Standard Operating Procedures (SOPs) and explicit Work Instructions. This established strict "Hard Gates" for digital compliance, meaning that digital deliverables are tied directly to operational and commercial milestones. Under this system, project teams cannot proceed to subsequent construction phases or receive formal approvals unless their data passes rigorous quality checks within the CDE. These mandates transformed BIM from an optional technological addition into a legally binding contractual requirement for project execution and supply chain participation.

3.2 The Resource Layer
To prevent "compliance fatigue", where project teams fail due to the overwhelming administrative burden of defining new workflows, the central authority developed the Resource Layer. This layer provided all active projects with centralised, "Plug-and-Play" technical enablers. By distributing standardised BIM Execution Plan (BEP) templates and Exchange Information Requirements (EIR), the enterprise ensured that both legacy projects and newly onboarded contractors could rapidly establish semantic and geometric data attribution without having to design the digital architecture from scratch.

3.3 The Validation Layer
While the Regulatory and Resource layers establish the rules and tools, the Validation Layer ensures continuous operational alignment. To accurately measure corporate digital maturity, the enterprise employs a multi-tiered evaluation strategy. In addition to these two metrics, the Validation Layer draws on a supplementary Cost-Benefit Analysis (CBA) conducted at project level, comparing each project's digital investment (BIM software, hardware, and personnel costs) against quantifiable downstream benefits such as reduced rework, faster procurement cycles, or schedule compression.

3.3.1 The Quantitative Metric: The DC Parameter
The primary metric is a continuous tracking cycle utilising a weighted, 110-point scoring system applied monthly. To reflect the realities of construction, the parameter evaluates 8 distinct pillars, prioritising core engineering over administrative tasks:
· The Foundation (31 points): This group establishes the prerequisites for modelling. It consists of (1) Standard/Governance Compliance (16 points) to ensure legal documentation is approved and complies with corporate and external standards, and (2) Digital Survey (15 points) to topography via photogrammetry.
· The Core Engine (39 points): Functioning as the central data source for all downstream BIM applications, (3) Digital Engineering (39 points) holds the highest individual weight. This ensures the enterprise's primary focus remains firmly on 3D geometric accuracy, spatial coordination, and Level of Information Need (LOIN) population, without which subsequent 4D and 5D integrations would be impossible.
· Operational Integration (30 points): This group measures how well the 3D model is utilised for downstream project management. It is distributed across (4) Digital Project Monitoring (13 points) which integrates a Project Management Information System (PMIS) dashboard, real-time CCTV site surveillance, and 4D schedule simulations, (5) Document Management System (10 points) for CDE workflow compliance, and (6) Digital Procurement (7 points) for 5D procurement extraction.
· Added Value (10 Bonus points): Recognising that not all projects possess the budget for specialised technology, (7) Digital Advanced Equipment (5 points) and (8) Digital Quality Control (5 points) function as bonus metrics. This ensures standard projects are not penalised for lacking tools like VR or intelligent compaction, while complex projects are rewarded for pushing technological boundaries.
By structuring the parameter with a maximum score of 110, the enterprise's target baseline of 80% acts as a rigorous but highly attainable "Glide Path".

3.3.2 The Qualitative Metric: ISO 19650 Audits
To ensure internal DC Parameter scores correlate with international best practices, the enterprise conducts a qualitative auditing cycle. This involves rigorous internal preparatory reviews that end in a formal, external surveillance audit conducted by an accredited third party on a targeted sample of high-complexity projects. This dual-layered approach guarantees that projects are not simply checking boxes to pass a monthly internal review, but are actively maintaining the rigorous Information Management standards mandated by ISO 19650 Parts 1, 2, and 5.

3.4 Organisational Scope and Project Typology
To test the viability of the Governance Triad, the central authority deployed the framework across a portfolio of 60 active construction-phase projects. To accurately assess the impact of the centralised mandates, the evaluation required segmenting the portfolio by contract maturity. The enterprise classified the 60 projects into two distinct operational typologies:
1. Legacy Projects: Existing projects initiated prior to 2025. These projects possessed deep-rooted, decentralised BIM habits, meaning their primary friction point was unlearning fragmented processes to comply with the new centralised CDE framework.
2. New Projects: Newly contracted projects subjected to the Governance Triad from day one. These projects served as the ultimate test of the Resource Layer, measuring how fast a project could scale when provided with standardised templates immediately upon mobilisation.
Furthermore, this 60-project portfolio spanned four distinct corporate divisions, requiring the framework to accommodate a unique dual-role dynamic. The Infrastructure, Vertical Building, and Engineering, Procurement, and Construction (EPC) divisions operated as main responsible for technical execution. Conversely, the Toll Road Developer division operated strictly as an asset owner responsible for governing data for downstream facility management.

4. IMPLEMENTATION AND RESULTS

4.1 Enterprise Performance: Cohort Analysis
When evaluating the April–December 2025 deployment window across the 60-project portfolio, the data was segmented into the two operational cohorts: Cohort A (Legacy Projects, n=52) and Cohort B (New Projects, n=8).


Figure 2: The Enterprise S-Curve, illustrating the cumulative digital adoption trajectory based on the 110-point DC Parameter scale.

As illustrated in the Enterprise S-Curve (Fig. 2), the trajectory of Cohort B provides the strongest validation for the framework's Resource Layer. Lacking historical BIM infrastructure, these newly contracted projects predictably recorded initial compliance scores reflecting the early stages of the Glide Path, beginning with an average baseline of 41.65% in May. However, the provision of centralised Plug-and-Play templates enabled a steep, aggressive trajectory of digital adoption, reaching 84.41% by December. Simultaneously, the continuous monthly auditing forced the extensive backlog of Cohort A projects to correct their fragmented historical data, pushing their 70.14% April baseline steadily upward to 86.69%. By December 2025, both cohorts successfully converged above the mandated target, yielding a blended enterprise total average of 86.47%.

4.2 Divisional Variance and Legacy Correction
To ensure the centralised framework was viable across highly diverse operational models, the December 2025 snapshot evaluated compliance across four distinct corporate divisions. The portfolio distribution highlights the reality of enterprise-scale digital transformation, managing an extensive backlog of legacy work alongside strategic injections of newly contracted work.


Figure 3: Divisional performance, reflecting final compliance percentages derived from the 110-point tracking parameter.

The divisional performance data (Fig. 3) reveals consistent high-level adoption across all sectors, though the operational pathways to compliance varied:
· The Mixed Portfolios (Infrastructure & Vertical Building): The Infrastructure division (25 Legacy, 4 New) and Vertical Building division (9 Legacy, 4 New) managed complex, blended portfolios. The timing of their New Project injections further highlights the framework's agility. Vertical Building absorbed its new projects early in the rollout phase (two in May, two in June), allowing a steady integration to their 84.09% final average. Conversely, Infrastructure absorbed a late-stage injection of four new contracts in August. Despite this delayed onboarding, the provision of the standardised Resource Layer enabled rapid acceleration, elevating these late additions to compliance within just four months and ultimately securing the highest overall divisional average of 88.10%.
· The Legacy Portfolios (EPC & Toll Road Developer): The EPC (5 projects) and Toll Road Developer (13 projects) divisions serve as critical control groups for legacy correction, as neither division contained any newly onboarded 2025 contracts. The success of these divisions, scoring 86.94% and 86.76% respectively, provides strong evidence that the strict implementation of the centralised CDE Hard Gate, enforced by the continuous tracking of the Validation Layer, successfully forced existing, deep-rooted projects to align with the new corporate mandate.

4.3 Operational Friction and Capability Mapping
To identify specific systemic challenges, the December 2025 snapshot was visualised across an 8-axis capability map (Fig. 4). Axes representing Standard/Governance Compliance, Digital Survey, Digital Engineering, and Document Management Systems (DMS) exhibit strong outward expansion across all divisions. This robust compliance validates the Resource Layer; when project teams are supplied with mandatory templates, semantic and geometric data attribution scales successfully.
Conversely, distinct inward contractions at the Digital Project Monitoring axis highlight the difficulty of shifting to 4D schedule simulations. Interestingly, while the map shows strong outward expansion at the Digital Procurement axis, this visual metric masked a critical industry threshold. As triangulated in the subsequent qualitative evaluation, this surface-level score represented a Compliance Trap rather than true commercial integration.
Finally, sharp contractions at Digital Advanced Equipment and Digital Quality Control, most notably within the EPC division, lend support to isolating these technologies as "Added Value" metrics. Preventing specialised tools from negatively inflating the core engineering baseline ensures an accurate, equitable assessment of fundamental digital maturity across disparate project scopes.


Figure 4: The Capability Map.

4.4 Qualitative Validation: External ISO 19650 Triangulation
To ensure the internal DC Parameter scores accurately reflected international best practices, the enterprise's quantitative data was triangulated against a formal external surveillance audit conducted by the BSI in 2025. The audit evaluated highly complex strategic projects against ISO 19650 Parts 1, 2, and 5.
The audit yielded zero non-conformities (0 Major, 0 Minor) and secured continued certification, confirming the Governance Triad's macro-level success. More importantly, it exposed the Compliance Trap that the capability map had masked: while the DC Parameter showed strong expansion for Digital Procurement, auditors issued an Opportunity for Improvement (OFI) noting that 3D models, though authored for 5D material volume quantification, remained structurally disconnected from formal use by QS functions. This confirms that internal metrics track geometric compliance, but external qualitative validation is needed to expose the cultural and operational bottlenecks behind true digital maturity.

5. DISCUSSION

5.1 The Intelligent Client vs. The Execution Arm
To accurately contextualise the inherent operational friction of the 2025 deployment, a critical operational nuance of the portfolio is the distinction in divisional mandates. While Infrastructure, Vertical Building, and EPC function as main contractors, the Toll Road Developer division operates strictly as an asset owner.
The Toll Road Developer division's high compliance score (86.76%) validates their capability as an “Intelligent Client”. Their high scores in Standard Governance and DMS indicate that the centralised Resource Layer effectively standardised how the enterprise acts as an owner, demanding high-quality data from supply chains. Crucially, this divisional performance reinforces a fundamental reality of digital transformation: strict Appointing Party mandates are the primary driver of supply chain compliance. Without this top-down demand, project-level execution tends to stagnate. Conversely, the contractor divisions bear the heavy burden of technical execution.

5.2 Overcoming the Compliance Trap
Inward contractions at the Digital Project Monitoring axis and qualitative evaluations revealed that although 3D models were authored and stored in the CDE, they were predominantly treated as static administrative documents to pass audits, a phenomenon known as the Compliance Trap. Internal Cost-Benefit Analysis (CBA) corroborated this, classifying these projects as "Digital Implemented but Not Monetised”. Because digital outputs were disconnected from formal control workflows, the investment yielded zero or negative Return on Investment (ROI). Models had not yet become mandatory daily references for site superintendents, highlighting the cultural difficulty of shifting from 2D paper-centric workflows to dynamic 4D control.

5.3 The 5D Procurement Bottleneck
Digital Procurement was the most significant friction point across contractor divisions. Although projects met the mandated ≤ 2% volume deviation between BIM 5D MTO and manual QS calculations, this compliance masked a severe "Key Personnel Bottleneck”. 5D implementation was frequently isolated to a few "BIM Experts”. True 5D requires systemic integration; when traditional QS lack trust in automated outputs and BIM modellers lack commercial supply chain knowledge, the workflow fragments. This friction was triangulated by a BSI audit Opportunity for Improvement (OFI) noting: "The use of models for material volume quantification on some projects is already a required deliverable. Their use by the QS function could be included in the BEP as per project context”. This provides strong evidence that while the enterprise can successfully mandate geometric authoring, building commercial trust requires overcoming deep-seated professional resistance.

5.4 Iterative Refinement: The 2026 Divisional Calibration
In alignment with DSR principles, the enterprise used the 2025 friction data to refine the artefact, abandoning the one-size-fits-all metric in favour of a calibrated 2026 DC Parameter. This updated framework introduced project-specific divisional weight calibration, elevating Digital Engineering for complex Vertical Buildings while prioritising Digital Project Monitoring for schedule-heavy Infrastructure contracts.
To dismantle the 5D procurement silo, the 2026 parameter mandates cross-functional integration through a strict four-tier classification system (Tier A–D) for MTO accuracy. Only "Tier A" items, those within ≤2% volume deviation, are authorised as the legal foundation for automated Material Requests; Tiers B–D trigger mandatory joint evaluations to improve model quality. Requiring formal sign-off from Project Managers, Site Engineers, and QS on these tiered outputs establishes a definitive 2026 KPI and secures enterprise readiness for continued ISO 19650 certification.

6. CONCLUSION
This research presented the Governance Triad, a centralised digital framework resolving corporate digital fragmentation across a large state-owned enterprise. Structured through mandated Regulatory, Resource, and Validation Layers, the framework unified disparate supply chains: over 9 months, New Projects accelerated to 84.41% compliance while an extensive Legacy Project backlog was brought to 86.69%, yielding a blended 86.47% enterprise average.
Beyond compliance acceleration, the framework's value lies in its capacity to expose and respond to systemic friction. Capability mapping and the external ISO 19650 audit both confirmed that while the enterprise mastered 3D geometric authoring, commercial trust remained hindered by the Compliance Trap and traditional QS bottlenecks. The 2025 findings were used to iteratively calibrate a 2026 DC Parameter, introducing divisional weighting and tiered 5D outputs as the legal basis for material procurement, moving the enterprise from passive documentation toward active operational value.
This case demonstrates that enterprise-scale digital maturity requires a living, iterative governance structure aligning policy, process, and people. The study is limited by its 9-month timeframe; longitudinal tracking is recommended to determine whether legacy behaviours are permanently eradicated or regress post-audit.
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