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This study aimed to develop a system dynamics—based structural framework for
identifying, validating, and analyzing the causal relationships among risk factors
contributing to delays in construction projects. This study adopted a mixed and multi-
stage analytical design. First, a systematic review of Persian and English literature was
conducted, and qualitative content analysis was applied to extract delay-related factors
and organize them into conceptual codes and thematic clusters. Second, a three-round
Delphi process was implemented with academic and professional experts in
construction management to refine and validate the extracted variables. The content
validity of the instrument was assessed using the content validity ratio and content
validity index. Finally, the DEMATEL technique was used to examine the intensity
and direction of causal relationships among the validated clusters and to determine the
influential and dependent roles of variables within the delay-generation system. The
Delphi results confirmed 31 final variables, of which 20 reached full consensus and 11
reached moderate consensus. Kendall’s coefficient of concordance was 0.35,
indicating a moderate-to-favorable and statistically significant level of agreement
among experts (x>=189, df=30, p<0.001). All final items exceeded the acceptable CVR
threshold, and the CVI values for all items were above 0.79. The DEMATEL results
indicated that the financial-time dynamics cluster functioned as the main causal driver
of the system, the cost-quality dynamics cluster operated as an intermediary
mechanism transmitting and redistributing disruptions, and the time—quality dynamics
cluster represented the domain in which delay-related consequences accumulated and
became observable. Delay in construction projects is not an isolated or temporary
operational failure but a structural instability produced by the dynamic interaction of
time, cost, quality, and risk; therefore, effective delay control requires integrated
management of financial flows, quality mechanisms, organizational learning, and
project feedback loops.

Keywords: project delay, construction risk, system dynamics, DEMATEL, Delphi method,
time—cost—quality
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Extended Abstract

Introduction

Construction projects are inherently complex systems in which technical, financial, contractual,
organizational, and environmental uncertainties interact over time and shape project performance.
Because these projects involve multiple stakeholders, sequential and interdependent activities, large
capital commitments, resource constraints, regulatory requirements, and changing site conditions, they are
highly exposed to risks that may disrupt planned time, cost, and quality targets. Delay is one of the most
frequent and consequential outcomes of such risks, as it extends project duration beyond the contractual
or planned schedule and often leads to cost escalation, claims, disputes, productivity losses, quality
deterioration, and reduced stakeholder satisfaction (Ahmed et al., 2003; Al Momani, 2000; Amoah et al., 2024;
Assaf & Al Hejji, 2006). Previous studies across different national and project contexts have shown that
delay is rarely produced by a single factor. Rather, it commonly emerges from the combined effects of
late payments, weak planning, design changes, poor contractor performance, inadequate site management,
material shortages, labor inefficiency, contractual ambiguity, unstable economic conditions, and
ineffective communication among project parties (Alsuliman, 2019; Desai & Bhatt, 2013; Kaliba et al., 2009;
Koushki et al., 2005; Le Hoai et al., 2008; Mahamid et al., 2011). More recent research has further emphasized
that delay risk is intensified in complex project environments such as high-rise buildings, design—build
contracts, and projects exposed to technological, sustainability, and institutional pressures (Asmi et al.,
2025; Elsamni et al., 2026; lkhsan & Abdurrahman, 2025; Vahedi Nikbakht et al., 2024). In the Iranian
construction context, evidence similarly indicates that contractor-related delays, rework, weak project
control, payment problems, and structural-dynamic interactions among risk factors are central causes of
schedule disruption (Goodarzi et al., 2024; Moaveni & Shariatmadar, 2021; Mousavi & Valipour, 2024; Shamaei
etal., 2021). Although many studies have contributed to identifying and ranking delay factors, much of the
literature still treats these factors as isolated variables and therefore provides a limited explanation of how
delay is generated, amplified, and reproduced within the project system (Aung et al., 2023; Goldoust & Shoja,
2023; Rahman & Adnan, 2020; Sankar & Shashikanth, 2022). This limitation is important because delay in
construction projects is not simply the sum of separate causes; it is a dynamic behavior produced by
feedback loops among time pressure, cost constraints, quality deterioration, managerial decisions,
contractual relations, and learning failures. Contractual ambiguity and dispute resolution mechanisms also
influence delay formation by shaping how disagreements, claims, and changes are handled during
execution (Moradian Zazerani et al., 2023). In addition, scheduling quality and the realism of time allocation
are critical because unrealistic schedules may activate pressure on quality control and increase the
probability of rework (Esmaeili & Khanzadi, 2024). System dynamics offers a useful lens for addressing
this gap because it focuses on causal structure, feedback mechanisms, nonlinearity, accumulation, and
delayed consequences in complex systems. Recent system dynamics studies in construction have shown
that risk factors interact dynamically and that project delay should be analyzed as an endogenous outcome
of the project structure rather than as a purely external or discrete event (Wang et al., 2025; Zhao et al.,
2025). Therefore, the present study developed a system dynamics—based structural framework to model
construction project delay risk by identifying key variables, validating them through expert consensus,
and analyzing causal relationships among time, cost, and quality dynamics.
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Methods and Materials

This study used a multi-stage mixed analytical design to identify, validate, and structure the causal
mechanisms underlying delay risk in construction projects. In the first stage, a systematic review of
Persian and English scientific literature was conducted across relevant academic databases. The extracted
studies were examined through qualitative content analysis using open, axial, and selective coding. This
phase aimed to identify the main delay-related factors and organize them into meaningful conceptual
clusters. The qualitative process produced an initial set of codes and thematic categories that formed the
preliminary architecture of a time—cost—quality model. In the second stage, the Delphi technique was used
to refine and validate the extracted variables. Expert judgments were collected through iterative rounds,
and the variables were revised based on the level of agreement among academic and professional
specialists in construction management and project systems. Measures of consensus and content validity
were used to assess the stability and adequacy of the expert-based instrument. In the third stage, the
DEMATEL method was applied to analyze the intensity and direction of causal relationships among the
validated factors and clusters. Pairwise comparison data were collected from experienced specialists,
normalized, and used to calculate cause—effect indicators. This procedure made it possible to distinguish
influential and dependent components, identify the dominant causal paths, and interpret delay as a
structural behavior emerging from interactions among financial-time, cost—quality, and time—quality
dynamics.

Findings

The qualitative content analysis identified 15 initial codes organized into eight thematic clusters,
which provided the foundation for conceptualizing delay within a time—cost—quality structure. These
clusters were subsequently reorganized into three major causal domains: financial-time dynamics, time—
quality balance, and cost—quality balance. The first domain represented the interaction between financial
pressure and schedule disruption; the second captured the relationship between time pressure, quality
control, and rework; and the third reflected the reciprocal effects of cost constraints, quality compromise,
corrective costs, and organizational learning. The Delphi results refined the conceptual structure and
consolidated it into 31 key variables. Of these variables, 20 achieved full expert consensus and 11 achieved
moderate consensus. The financial-time dynamics cluster included variables such as cash-flow pressure,
delay in payments and budget allocation, delay in permits, slow decision-making, force majeure events,
changes in work volume, nonstandard contracts, unclear project scope, weak performance management,
weak planning, and incomplete feasibility studies. The time—quality cluster included execution errors,
rework, reduced time for quality control and testing, design-change pressure, consultant change, project
knowledge documentation, and coordination problems among project parties. The cost—quality cluster
included unreasonably low contractor bids, weak contractor and consultant selection, unrealistic
scheduling, unskilled labor, weak initial estimation, compromise of quality for cost reduction, and weak
learning loops. Kendall’s coefficient of concordance was 0.35, indicating a moderate-to-favorable and
statistically significant level of agreement among experts. The content validity results also confirmed the
conceptual adequacy of the final variables, as all retained items exceeded the acceptable threshold for
necessity and all content validity index values were above the required level. The DEMATEL findings
showed that financial-time dynamics functioned as the primary causal driver of systemic disturbance.
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Cost—quality dynamics operated as an intermediary structural mechanism that transmitted financial and
temporal pressures into operational decisions and quality-related consequences. Time—quality dynamics
represented the domain in which cumulative effects became visible through quality decline, rework,
corrective actions, and schedule extension. Overall, project delay emerged as the result of a sequential
causal chain in which financial-time disturbances first affect cost—quality dynamics, and the resulting
changes then influence time—quality behavior.

Discussion and Conclusion

The findings indicate that construction delay should not be interpreted as a temporary operational
inefficiency or a simple failure of scheduling. Rather, delay is a structural instability produced by the
dominance of reinforcing feedback loops over balancing mechanisms within the project system. Financial
and temporal disturbances initiate pressure on project execution, but their effects are intensified when
cost-saving decisions, poor contractor selection, weak estimation, reduced quality control, and insufficient
learning mechanisms transfer these pressures into the operational layer. Once quality deteriorates, errors
and rework increase, which in turn extend project duration and generate additional costs. This creates a
self-reinforcing cycle in which delay produces the conditions for further delay. The study therefore shows
that quality is not merely an output indicator but a central regulating mechanism in the time—cost—quality
system. If quality control, documentation, and learning loops are active, they can reduce rework and limit
the expansion of delay. However, if these mechanisms are weak, quality deterioration becomes a pathway
through which financial and schedule pressures are converted into persistent project instability. The
practical implication is that delay control requires an integrated approach rather than isolated corrective
actions. Managers should monitor financial flows, payment processes, scope clarity, contractor and
consultant selection, schedule realism, quality-control capacity, and organizational learning as
interdependent components of one system. The proposed model contributes to construction project risk
management by moving beyond factor listing and ranking and by offering a causal explanation of how
delay is generated through feedback among time, cost, and quality. It also provides a basis for future
quantitative simulation and scenario testing. In conclusion, effective delay management depends on
identifying the causal structure of the project system, weakening reinforcing loops that amplify delay, and
strengthening balancing mechanisms that preserve quality, learning, coordination, and financial stability.
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