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This study aimed to develop and validate a comprehensive blockchain-based risk
management model for construction project portfolios. This applied study used a
descriptive field design and a mixed qualitative—quantitative approach. In the
qualitative phase, data were collected through in-depth interviews with 25 experts
familiar with project portfolio risk management and blockchain technology, selected
based on theoretical saturation. The qualitative data were analyzed using thematic
analysis to identify the main dimensions and subcomponents of the proposed model.
In the guantitative phase, the statistical population consisted of construction project
managers, from whom 267 participants were selected through simple random sampling
based on Cochran’s formula. Data were collected using a researcher-made
questionnaire. Content validity was confirmed by expert judgment, and reliability was
verified using Cronbach’s alpha. Quantitative data were analyzed through exploratory
factor analysis, structural equation modeling, and PLS software. Exploratory factor
analysis identified 37 subcomponents classified into five main dimensions: human
resource risk, technical risk, financial risk, strategic risk, and resource risk. These five
factors explained 90.33% of the total variance. Cronbach’s alpha, composite reliability,
rho_A, and average variance extracted exceeded the recommended thresholds for all
constructs, confirming internal consistency and convergent validity. The HTMT values
were below one, indicating acceptable discriminant validity. The path coefficients for
human resource risk, technical risk, financial risk, strategic risk, and resource risk were
0.405, 0.233, 0.544, 0.234, and 0.449, respectively, and all paths were statistically
significant. The coefficient of determination was 0.760, indicating that the identified
components explained 76% of the variance in the blockchain-based risk management
model. The redundancy index was 0.566, and the GOF value was 0.65, demonstrating
strong overall model fit. Additional fit indices, including X2/df = 1.34, RMSEA = 0.03,
GFI = 0.94, AGFI = 0.91, CFI = 0.95, IFI = 0.93, NFI = 0.92, and NNFI = 0.96,
confirmed the adequacy of the model. The findings indicate that blockchain technology
can provide an effective foundation for construction project portfolio risk management
by improving transparency, traceability, information reliability, resource integration,
and the control of human, technical, financial, strategic, and resource-related risks.
Keywords: Risk management; Project portfolio; Construction projects; Blockchain
technology; Structural equation modeling



https://www.journaltesm.com/
http://creativecommons.org/licenses/by-nc/4.0
https://www.journaltesm.com
https://orcid.org/0009-0005-6777-4718
https://orcid.org/0000-0002-7678-0432
https://orcid.org/0000-0003-4896-0126
http://creativecommons.org/licenses/by-nc/4.0
https://portal.issn.org/resource/ISSN/3041-8585

Extended Abstract

Introduction

Risk management is a core function of project governance, particularly in construction project
portfolios where uncertainty is intensified by interdependence among projects, resource constraints, multi-
stakeholder arrangements, financial volatility, technical complexity, contractual disputes, and strategic
alignment requirements. In project-oriented organizations, risk can no longer be interpreted only at the
level of a single project, because decisions made for one project may affect resource availability, cost
structure, scheduling, quality, stakeholder satisfaction, and strategic outcomes across the entire portfolio.
The literature on project portfolio management has therefore emphasized the need to consider project
interactions, interdependencies, and uncertainty as central features of portfolio-level decision-making (Bai
et al., 2021; Pajares & Lopez, 2014; Zhang et al., 2022). Traditional project risk management frameworks
provide a necessary foundation for identifying, analyzing, responding to, and monitoring uncertain events,
yet portfolio-level risk management requires broader analytical capacity because risks may accumulate,
transfer, or intensify through causal and temporal relationships among projects (Mican et al., 2020; Project
Management, 2021; Zhang, 2024). In construction contexts, this challenge is even more critical because
project portfolios are exposed to technical disruptions, financial instability, claims, supply chain
fragmentation, stakeholder conflicts, and turbulent environmental conditions (Cevikbas et al., 2024;
Ebekozien et al., 2024; Ghab, 2023). Prior studies have examined project portfolio selection, risk assessment,
market risk ranking, investment risk, fuzzy expert systems, real-option valuation, multi-objective
optimization, and multi-criteria decision-making approaches for improving portfolio decisions (Altuntas
& Dereli, 2015; Alvarez-Garcia & Fernandez-Castro, 2018; Ghanbari et al., 2024; Huang et al., 2016; Komaki et
al., 2024; Maier et al., 2018; Mirjalili et al., 2023; Relich & Pawlewski, 2017; Roland et al., 2016; Sharifi Qazvini
et al., 2018; Zahedi et al., 2020). However, many existing models are primarily quantitative and often pay
limited attention to the simultaneous integration of human, technical, financial, strategic, and resource-
related risks in a technology-enabled portfolio risk management system. Recent developments also show
that digital technologies, including blockchain and smart contracts, can improve transparency, traceability,
accountability, trust, and information reliability in construction processes (Nada & Othman, 2025; Tamimi
& Farhang, 2025). Blockchain technology is especially relevant because it can provide tamper-resistant
records, shared data visibility, auditable transactions, and automated contractual mechanisms, thereby
reducing information asymmetry and supporting more reliable risk monitoring. Moreover, effective
portfolio risk management depends not only on technical tools but also on strategic orientation,
organizational capabilities, communication, outsourcing performance, value creation, and dynamic
evaluation of construction investment projects (De Bakker et al., 2011; Hofman et al., 2017; Khalil-Oliwa &
Jonek-Kowalska, 2024; Motamedi & Darvish Motavalli, 2025; Rostami, 2023; Testorelli et al., 2024; Wu et al.,
2019; Zhang et al., 2025). Accordingly, the present study aimed to develop and validate a comprehensive
blockchain-based risk management model for construction project portfolios.

Methods and Materials:

This study was applied in terms of purpose, descriptive and field-based in terms of data collection,
and mixed-methods in terms of data analysis. The research was conducted in two qualitative and
guantitative phases. In the qualitative phase, the participants consisted of experts familiar with project
portfolio risk management, construction project management, and blockchain technology. The expert
criteria included more than ten years of professional experience in project management, adequate
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familiarity with risk management and blockchain concepts, and a postgraduate academic degree. The
sample size in this phase was determined based on theoretical saturation, and 25 experts participated in
in-depth interviews. The interview questions were developed based on the theoretical framework of the
study and expert opinions. The qualitative data were analyzed using thematic analysis to extract concepts,
subcomponents, and main dimensions of the initial model. In the quantitative phase, the statistical
population consisted of managers of construction projects. Using simple random sampling and Cochran’s
formula, 267 participants were selected. The data collection instrument was a researcher-made
questionnaire based on the qualitative findings. The questionnaire used a five-point Likert scale ranging
from very low to very high. Content validity was confirmed through expert judgment, and reliability was
assessed using Cronbach’s alpha, which was reported as 0.87 for the overall instrument. Quantitative data
were analyzed using exploratory factor analysis, structural equation modeling, and PLS software. Model
quality was examined through reliability indices, convergent and discriminant validity, path coefficients,
coefficient of determination, redundancy, model fit indices, and the overall goodness-of-fit criterion.

Findings:

The qualitative findings led to the identification of 37 subcomponents classified into five main
dimensions: human resource risk, technical risk, financial risk, strategic risk, and resource risk. Human
resource risk included senior management support, change management, project team skills,
communication, training, creativity, and stakeholder management. Technical risk included complex
architecture, process reengineering, equipment, software alternatives, ease of use, standardization,
information systems, and system development. Financial risk included budgeting, credit risk, cost
management, investment, financial security, analysis, and economic value. Strategic risk included risk
transfer, risk acceptance, risk assessment, risk planning, risk monitoring, new capabilities, uncertainty
management, risk outlook, risk trend, risk objectives, and risk guidance. Resource risk included control
and planning, resource integration, resource optimization, and resource support. The descriptive findings
showed that most subcomponent means were above the midpoint of the five-point Likert scale, indicating
that respondents generally evaluated the identified indicators as relevant to blockchain-based risk
management. Exploratory factor analysis extracted five factors with eigenvalues greater than one, and
these factors explained 90.33% of the total variance. All 37 subcomponents had acceptable factor loadings
above 0.70. Reliability analysis showed that Cronbach’s alpha coefficients were 0.965 for human resource
risk, 0.960 for technical risk, 0.925 for financial risk, 0.862 for strategic risk, and 0.963 for resource risk.
Composite reliability values were also above the acceptable threshold for all constructs. The rho A
coefficients were higher than 0.70, confirming reliability through this criterion as well. Convergent
validity was supported because the average variance extracted values were greater than 0.50 for all
dimensions. Discriminant validity was also confirmed because all HTMT values were below one. The
structural model results showed that all five dimensions had positive and significant effects on the
blockchain-based risk management model. The path coefficients were 0.405 for human resource risk,
0.233 for technical risk, 0.544 for financial risk, 0.234 for strategic risk, and 0.449 for resource risk. The
coefficient of determination was 0.760, indicating that the identified dimensions explained 76% of the
variance in the model. The redundancy index was 0.566, showing acceptable predictive quality. The model
fit indices also confirmed appropriate fit: X2/df was 1.34, RMSEA was 0.03, GFI was 0.94, AGFI was
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0.91, CFl was 0.95, IFI was 0.93, NFI was 0.92, and NNFI was 0.96. The GOF value was 0.65, indicating
strong overall fit of the proposed model.

Discussion and Conclusion:

The results indicate that blockchain-based risk management in construction project portfolios is a
multidimensional phenomenon that cannot be reduced to a single technical or financial mechanism. The
strongest path coefficient belonged to financial risk, suggesting that budgeting, cost control, investment,
financial security, and economic value are central to portfolio-level risk management in construction
projects. This finding is logically consistent with the capital-intensive nature of construction portfolios,
where financial instability can spread quickly across projects and disrupt the entire portfolio. Resource
risk was also highly influential, showing that resource planning, integration, optimization, and support are
essential for preventing inter-project conflicts and reducing delays or inefficiencies caused by shared
resource constraints. Human resource risk also played a major role, indicating that blockchain
implementation depends heavily on managerial support, team skills, training, communication, creativity,
stakeholder management, and change readiness. The significance of technical risk confirms that
blockchain adoption requires appropriate infrastructure, information systems, standardization, system
development, and process redesign. Strategic risk was also significant, demonstrating that blockchain-
based risk management must be aligned with portfolio objectives, risk response policies, uncertainty
management, and long-term organizational direction. Overall, the proposed model provides an integrated
framework for identifying and managing risks in construction project portfolios through blockchain
technology. The findings suggest that blockchain can strengthen risk management by improving
transparency, traceability, information reliability, accountability, resource control, financial monitoring,
and stakeholder trust. However, the effectiveness of blockchain depends on simultaneous attention to
organizational, technical, financial, strategic, and resource-related conditions. Therefore, construction
organizations should not treat blockchain as a purely technological solution, but as part of a broader
governance and risk management architecture. The validated model can guide managers, contractors,
consultants, investors, and policymakers in designing more transparent, data-driven, and integrated
systems for managing construction project portfolios.
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