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Nowadays, with the expansion of urban life across the world, the development of
construction activities in various urban sectors—ranging from high-rise building
projects to the expansion of subway lines—has become highly tangible and, indeed,
inevitable. This study was conducted to assess the risks associated with deep
excavation in construction projects. In this study, a combined SWARA and COPRAS
approach within a Fuzzy logic environment was used to identify risk assessment
indicators and to rank the risks associated with the project. The research setting was
the deep excavation project of Atieh Gharb Hospital in Tehran, and the required data
were collected from experts involved in this project during the excavation phase. Based
on the analysis of the study data in its two distinct stages, it was first determined that
11 risk assessment indicators constitute the most important indicators for measuring
the risks of deep excavation activities. Among these indicators, risk analysis capability,
the degree of risk uniqueness, and the level of project vulnerability to risk were
identified as the most critical indicators for assessing the risks of deep excavation
projects. Moreover, based on the second stage of the analysis, it was found that the
deep excavation project of Atieh Gharb Hospital involves 12 key and major risks. The
fuzzy COPRAS approach revealed that among these risks, three key risks were
identified as safety management in the project, the presence of massive surrounding
buildings, and the availability of skilled workers. Following these, three other
important factors—namely the presence of a complex transportation network near the
project, project financing, and potential computational errors—were also identified as
other significant risks in this project. Finally, recommendations and strategies were
provided, based on expert opinions and existing standards, to reduce the risks of similar
future deep excavation projects.

Keywords: Deep excavation, construction projects, fuzzy SWARA, fuzzy COPRAS, risk
management
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Extended Abstract
Introduction

The construction industry is widely recognized as one of the most hazardous sectors in terms of
workplace accidents, injuries, and associated costs, which makes risk management an indispensable
element of project success. Risks in construction projects are uncertain events or conditions that, if they
occur, can have positive or negative impacts on project objectives. The Project Management Institute
defines project risk as an uncertain event or condition that, if it occurs, has a positive or negative effect on
at least one project objective, such as scope, schedule, cost, or quality (PMBOK Guide, 2017).

In particular, deep excavation activities—commonly required in high-rise building projects and
underground infrastructure such as metro lines—pose substantial risks due to soil instability, proximity to
neighboring structures, and complex geotechnical conditions. As noted by Hong et al. (2024), the trend
toward taller buildings and multi-level underground parking facilities has increased the depth of required
excavation, consequently amplifying the scale and diversity of associated risks. The lack of proper risk
identification and management during such high-risk phases can result in severe human and financial
losses, project delays, and reputational damage.

Previous research has emphasized the high-risk nature of excavation. Valipour et al. (2017)
identified excavation and substructure construction as the most hazardous phases of construction projects,
highlighting their susceptibility to both geotechnical and operational failures. Similarly, Zhou et al. (2011)
observed that as excavation depth increases, the magnitude and variety of risks grow significantly,
underscoring the need for advanced risk assessment methods.

Recent studies have introduced multi-criteria decision-making (MCDM) methods under Fuzzy
logic conditions to handle uncertainty in risk assessment. For example, Wang et al. (2018) applied fuzzy-
based approaches to identify risk indicators in excavation projects, while Pan et al. (2025) proposed a
hybrid FAHP-DGDT-CM model to manage heterogeneous soil settlement risk in Shanghai metro projects.
Li et al. (2024) further advanced this by integrating Bayesian networks and Dempster—Shafer theory to
address complex uncertainties in deep excavation risk assessment.

Within this context, the present study focuses on identifying and ranking the risk indicators of deep
excavation in construction projects using a hybrid SWARA-COPRAS approach in a fuzzy environment.
The aim is to establish a systematic framework that enables prioritizing risks to support decision-making
and enhance project safety and efficiency.

Methods and Materials

This descriptive-survey study was conducted on the deep excavation project of Atieh Gharb
Hospital in Tehran. Data were collected from seven experts from Bespaar Pey Iranian Company, all of
whom were directly involved in the hospital’s deep excavation project.

The study employed a four-questionnaire design. The first questionnaire validated and rated 21
risk indicators identified from literature. The second and third questionnaires applied the fuzzy SWARA
method to determine the relative weights of the 11 top-ranked risk indicators. The fourth questionnaire
used the fuzzy COPRAS method to rank 12 identified excavation-related risks based on the weighted
indicators. Data analysis was performed using Microsoft Excel, with defuzzification applied to transform
fuzzy numbers into crisp values for ranking calculations.
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Findings

Initial expert evaluation selected 11 risk indicators from an original list of 21. The fuzzy SWARA
analysis revealed that the most important indicators were: risk identification and resolution probability
(C1, weight 0.4347), risk analysis capability (C5, weight 0.2466), risk uniqueness (C6, weight 0.1551),
and project vulnerability to risk (C11, weight 0.0964).

Subsequently, 12 key risks were identified for the deep excavation project, including: ground
heaving (R1), groundwater control (R2), excessive excavation speed (R3), project financing (R4), safety
management (R5), availability of skilled workers (R6), inadequate pre-project investigations (R7), diverse
hydro-geological conditions (R8), adverse geological conditions (R9), presence of massive surrounding
buildings (R10), computational errors (R11), and a complex nearby transportation network (R12).

The fuzzy COPRAS ranking revealed the top three risks as: safety management (R5, score
0.07584), presence of massive surrounding buildings (R10, score 0.07061), and availability of skilled
workers (R6, score 0.06929). These were followed by the presence of a complex transportation network
(R12, score 0.06922), project financing (R4, score 0.0683), and computational errors (R11, score
0.06714). The lowest-ranked risks were adverse geological conditions (R9, score 0.05974) and diverse
hydro-geological conditions (R8, score 0.06236).

Discussion and Conclusion

This study contributes to the body of knowledge on construction risk management by providing
an empirically validated framework for assessing and prioritizing deep excavation risks using an
integrated SWARA-COPRAS approach within a fuzzy environment. The results confirmed the findings
of prior studies asserting that deep excavation is among the most hazardous phases of construction,
requiring meticulous risk assessment and management (Valipour et al., 2017; Zhou et al., 2011; Hong et
al., 2024).

By emphasizing risk analysis capability, risk uniqueness, and project vulnerability as key risk
indicators, this study aligns with the argument of Zegordi et al. (2012) that these factors significantly
influence the probability and severity of construction project failures. The use of fuzzy SWARA enabled
the effective weighting of qualitative expert judgments, while fuzzy COPRAS facilitated a robust ranking
of diverse risk factors, consistent with the approach of Veskovi¢ et al. (2018) in similar infrastructure
contexts.

Practically, the study highlights safety management, surrounding structures, and skilled workforce
availability as the most critical risks requiring proactive mitigation strategies in deep excavation projects.
This prioritization can guide project managers to allocate resources and safety measures more effectively,
thereby minimizing delays, cost overruns, and accidents.

In conclusion, integrating fuzzy SWARA and fuzzy COPRAS provides a powerful methodological
framework for risk assessment in high-risk construction phases. The approach’s ability to handle
uncertainty and multi-criteria decision-making makes it highly applicable to complex projects like deep
excavations. Future research may extend this framework by incorporating real-time monitoring data,
expanding the expert panel size, and validating the model across diverse geographic and geotechnical
settings.
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