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Objective: This study aimed to develop an integrated framework for BIM-based life cycle value
management of building assets and address the theoretical gap concerning the integration of
technical, process-oriented, organizational, and managerial dimensions across the asset life cycle.
Methodology: This qualitative study employed the systematic grounded theory approach of
Strauss and Corbin. The study population consisted of experts with executive and research
experience in building asset management, Building Information Modeling (BIM), and life cycle
value management. Seventeen participants were selected through purposive and snowball sampling
until theoretical saturation was achieved. Data were collected through in-depth semi-structured
interviews and analyzed through open, axial, and selective coding using MAXQDA 2020.
Trustworthiness was assessed through re-coding, expert feedback, and inter-coder agreement, with
an agreement coefficient of 88%.

Findings: Data analysis yielded 31 main categories and 128 final concepts organized within an
integrated paradigmatic model. The framework comprised four causal-condition categories, four
contextual-condition categories, six intervening-condition categories, one core phenomenon with
six dimensions, seven strategic categories, and eight consequence categories. The core
phenomenon encompassed integrated asset information management, economic and environmental
performance optimization, strategic maintenance planning, life cycle value and risk transparency,
data-driven infrastructure and smartization, and stakeholder integration and information
governance. The principal strategies included information governance and standardization, human-
capital empowerment, technical and data integration, circular economy and sustainability, life cycle
process optimization, stakeholder participation, and technological innovation. The resulting
consequences included economic efficiency, environmental sustainability, operational
productivity, improved stakeholder coordination, enhanced decision quality and risk management,
digital innovation, increased stakeholder value, and greater information transparency.
Conclusion: BlIM-based life cycle value management should be regarded as an integrated
managerial ecosystem rather than merely a technological solution. Its successful implementation
requires national information standards, contractual reform, human-capital development, data
governance, and integration with emerging technologies such as digital twins and artificial
intelligence. The proposed framework provides a systematic basis for value-oriented decision-
making and long-term economic and environmental sustainability of building assets.

Keywords: Asset Value Management; Building Information Modeling (BIM); Life Cycle;
Grounded Theory; Sustainability; Life Cycle Cost (LCC).
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EXTENDED ABSTRACT
Introduction

The construction industry has undergone a substantial conceptual transformation in recent decades,
shifting from a project-centered perspective toward a life-cycle and asset-centered understanding of
buildings. Under the traditional approach, project success has predominantly been assessed in terms of
construction cost, completion time, and the quality of the delivered physical product. However, buildings
are long-term assets whose economic, operational, environmental, and functional value continues to
evolve well beyond the completion of construction. A considerable share of asset-related costs and value
creation occurs during operation, maintenance, renovation, adaptation, and end-of-life stages.
Consequently, effective building asset management requires a framework capable of integrating
information and decision-making across the entire life cycle rather than concentrating exclusively on
design and construction. Building Information Modeling (BIM) provides an important technological
foundation for such an approach because it can integrate geometric information with scheduling, cost,
technical specifications, operational records, and asset-related data within a shared information
environment (Di Biccari et al., 2018; Xu et al., 2014).

The significance of BIM extends beyond three-dimensional modeling. Its principal life-cycle value
arises from its capacity to preserve, structure, exchange, and reuse information across different stages and
among multiple stakeholders. Earlier studies have demonstrated that BIM can improve coordination,
reduce information loss, support cost management, and facilitate more efficient decision-making (Aslam
& Ahmad Tarmizi, 2018; Bryde et al., 2013). Life-cycle-oriented BIM frameworks further emphasize that
information generated during design and construction should remain accessible and operationally
meaningful during facility management and maintenance. In this respect, BIM can function as an
organizational memory for building assets, connecting early design decisions with long-term performance
and enabling owners and managers to evaluate their consequences over time (Dalla Valle et al., 2020).

An important dimension of life-cycle value management concerns the integration of economic and
environmental assessments. Decisions made during early design can substantially affect energy
consumption, maintenance requirements, operating costs, and environmental performance throughout the
useful life of a building. BIM-supported optimization has therefore increasingly been combined with life-
cycle cost and energy analyses. Research has demonstrated that BIM-based multidisciplinary models can
assist decision-makers in balancing life-cycle energy and cost objectives and comparing alternative design
solutions on the basis of their long-term implications (Sandberg et al., 2019). Similarly, systematic BIM-
supported analysis of building-envelope components has shown the feasibility of integrating energy
assessment with total life-cycle cost evaluation (Pucko et al., 2020). These developments indicate that BIM
can move beyond descriptive representation and become an analytical infrastructure for value-oriented
decision-making.

Sustainability and circular economy principles have further broadened the concept of building
asset value. Contemporary asset management must take account not only of financial performance but
also of resource efficiency, carbon emissions, material recovery, waste reduction, adaptability, and end-
of-life value. The integration of BIM with life-cycle assessment provides a mechanism for evaluating
environmental performance through structured building information, although challenges related to data



structure, interoperability, and information consistency remain (Dalla Mora et al., 2020). Furthermore,
circular construction requires design-support systems capable of incorporating information on
disassembly, reuse, recycling, and material recovery (Cambier, 2020). BIM may also support the end-of-
life phase by maintaining information required for demolition, recovery, and reuse decisions, thereby
facilitating the transition from linear to circular asset life cycles (Charef et al., 2019). These directions are
consistent with broader developments in circular economy research within the construction sector
(Osobajo, 2020).

Nevertheless, BIM-based life-cycle value management cannot be explained solely through
technological capabilities. Digital transformation in construction requires coordinated change in
organizational structures, work processes, business models, skills, governance mechanisms, and
stakeholder relationships (Samuelson & Stehn, 2023). Systemic transformation of the construction industry
similarly depends on simultaneous changes across technical, procedural, organizational, and institutional
dimensions (Peltokorpi et al., 2021). Barriers such as insufficient knowledge, lack of management support,
resource limitations, fragmented processes, resistance to change, and weak value-management capabilities
may prevent organizations from realizing the expected benefits of digital technologies (Othman, 2020).
Organizational maturity is therefore critical, particularly where BIM is integrated with value management
and advanced data analytics (Demirdégen, 2021).

Value creation is also inherently collaborative. Different stakeholders—including owners,
developers, designers, contractors, facility managers, regulators, and users—may define value differently
according to their own objectives and interests. A value-based construction approach therefore requires a
common understanding of value and effective coordination among project actors (Emmitt et al., 2005).
Recent studies of digital transformation similarly conceptualize value as a co-created outcome emerging
from multi-agent interaction rather than the product of an isolated organization (Wang et al., 2023).
Stakeholder collaboration and alignment of incentives are particularly important for successful diffusion
of innovative construction approaches (Wu, 2024), while ecosystem thinking emphasizes that sustainable
construction performance depends on relationships extending beyond organizational boundaries
(Viholainen, 2021). Emerging Construction 5.0 perspectives further suggest that future asset-management
systems will increasingly combine BIM with artificial intelligence, intelligent analytics, human-centered
technologies, and interconnected digital environments (Nanduri & Delhi, 2025).

Despite these developments, the literature remains fragmented. Existing studies separately address
information management, life-cycle cost, energy analysis, sustainability, circular economy, digital
transformation, organizational maturity, and stakeholder collaboration, but an integrated theoretical
explanation of how causal, contextual, and intervening factors interact with managerial strategies to
generate life-cycle value remains insufficiently developed. Accordingly, the present study aimed to
explain an integrated framework for BIM-based life-cycle value management of building assets using a
grounded theory approach.

Methods and Materials

This study employed a qualitative research design based on the systematic grounded theory
approach of Strauss and Corbin. The research population consisted of experts and specialists with
executive or research experience in building asset management, Building Information Modeling, and life-
cycle value management. Participants were recruited using purposive and snowball sampling, and
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sampling continued until theoretical saturation was achieved. A total of 17 experts participated in the
study.

Data were collected through in-depth semi-structured interviews. The interview guide was
developed on the basis of the major conceptual domains of building asset management, BIM, life-cycle
value management, sustainability, circular economy, stakeholder coordination, and emerging digital
technologies. Questions addressed organizational drivers, technical and managerial challenges, the
dimensions of BIM-based value management, contextual infrastructure, internal and external barriers,
implementation strategies, expected outcomes, performance indicators, future technological trends, and
mechanisms for stakeholder coordination.

Interview data were analyzed through open, axial, and selective coding using MAXQDA 2020.
Initial codes were extracted from participants' statements, overlapping and repetitive codes were
consolidated, and the resulting concepts were organized into higher-order categories. The relationships
among categories were then structured according to the grounded theory paradigm, comprising causal
conditions, contextual conditions, intervening conditions, the core phenomenon, strategies, and
consequences. Trustworthiness was evaluated through re-coding by two experienced university
professors, consultation with experts and faculty members, and assessment of inter-coder agreement. The
inter-coder agreement coefficient was 88%. Ethical principles, including informed participation,
confidentiality, transparency regarding the research process, and protection of participants' rights, were
observed throughout the study.

Findings

Analysis of the interviews resulted in the extraction of 31 main categories and 128 final concepts.
These categories were organized into an integrated paradigmatic model explaining the development and
implementation of BIM-based life-cycle value management of building assets.

The causal conditions comprised four major categories: structural and process-related challenges
in traditional asset management, economic and productivity imperatives, environmental and sustainability
requirements, and technological and data limitations. These conditions represented the fundamental
pressures and deficiencies that created the need for a more integrated life-cycle value-management
approach.

The contextual conditions included four categories: characteristics of the construction industry and
building assets, institutional and legal infrastructure and standards, organizational culture and human
capital, and economic and market conditions. These factors constituted the environment within which
BIM-based value management could either develop effectively or remain constrained.

Six categories were identified as intervening conditions: legal and contractual challenges,
international restrictions and sanctions, instability in policymaking and managerial interventions, market
dynamics and changing stakeholder behavior, organizational resistance to change, and technological and
innovation limitations. These factors could strengthen, weaken, or redirect the influence of the causal
conditions on implementation.

The core phenomenon was identified as “BIM-based life-cycle value management of building
assets.” It consisted of six dimensions: integrated BIM-based asset information management; economic
and environmental performance assessment and optimization; strategic maintenance and repair planning;



life-cycle value and risk transparency; development of data-driven and smart infrastructure; and
stakeholder integration and information governance.

Seven strategic categories were identified: information governance and standardization;
institutional and human-capital empowerment; technical integration and data-centric management;
circular economy and sustainability; optimization of life-cycle processes; stakeholder participation and
inter-organizational coordination; and technological innovation and digitalization. These strategies
represented coordinated actions through which organizations could address identified barriers and
operationalize the core phenomenon.

Finally, eight major consequence categories emerged: economic transformation and cost
efficiency; environmental sustainability and carbon reduction; increased operational efficiency and
productivity; improved stakeholder integration and coordination; enhanced decision quality and risk
management; development of innovation and digitalization; increased stakeholder value and satisfaction;
and improved transparency and information governance. Expert-derived outcomes included an estimated
15-25% reduction in total life-cycle costs, a 20-30% increase in return on investment over a ten-year
horizon, reductions of up to 40% in emergency maintenance costs, a 20-35% reduction in building energy
consumption, carbon-emission reductions of up to 30%, and a reduction of up to 50% in unplanned failures
through data-driven predictive maintenance. Improved information integration was also associated with
an estimated 40% reduction in the time and costs of transferring information between project stages.

Discussion and Conclusion

The findings demonstrate that BIM-based life-cycle value management should be understood as a
managerial ecosystem rather than as a stand-alone technological intervention. The core contribution of the
resulting model is the integration of technical, organizational, economic, environmental, institutional, and
human dimensions within a single explanatory framework. The results indicate that the value of BIM
emerges when building information remains continuous from design through operation, maintenance,
renovation, and end-of-life and is systematically transformed into evidence for decision-making.

A particularly important finding is the transition from project-centered thinking to asset-centered
management. The proposed framework suggests that building value is not finalized at project handover.
Instead, it continues to be created, maintained, diminished, or recovered throughout the life cycle. BIM
therefore becomes valuable when it functions as a persistent information environment connecting early
design decisions to subsequent economic, operational, and environmental performance. This
interpretation transforms BIM from a design representation tool into an organizational memory and
strategic asset-management infrastructure.

The results also show that technology alone is insufficient. Standardization, data governance,
contractual clarity, organizational readiness, skilled human resources, and senior-management
commitment are necessary for life-cycle information to remain reliable and usable. In particular, unclear
data ownership, fragmented responsibilities, weak interoperability, and organizational resistance can
substantially reduce the benefits of BIM. Consequently, successful implementation requires institutional
and organizational reform alongside technological deployment.

The seven strategic categories demonstrate that implementation should proceed as a coordinated
program rather than through isolated interventions. National or organizational information standards,
workforce development, interoperable technical infrastructure, life-cycle process redesign, circular
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economy principles, stakeholder participation, and emerging digital technologies must reinforce one
another. Linking BIM with maintenance systems, sensors, digital twins, and artificial intelligence can
further shift asset management from reactive and descriptive approaches toward predictive and eventually
prescriptive decision-making.

The consequences identified in the study suggest substantial potential value in economic,
environmental, operational, and governance terms. Nevertheless, the numerical performance
improvements reported in this qualitative study should be interpreted as expert-derived expectations and
experiences rather than universally established effect sizes. Their empirical verification across different
building types, ownership structures, and organizational settings remains necessary.

Overall, the grounded theory model explains BIM-based life-cycle value management as a
dynamic chain in which causal pressures generate the need for change, contextual and intervening
conditions shape implementation, coordinated strategies operationalize the core phenomenon, and
economic, environmental, operational, informational, and stakeholder-related outcomes emerge.
Successful implementation therefore depends not merely on acquiring BIM software but on creating an
integrated ecosystem of standards, data governance, human-capital development, contractual and
institutional reform, stakeholder collaboration, and data-centric organizational culture.
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