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Abstract

Background and Obijective: Global climate change represents
one of the most pressing challenges of the 21st century, with
profound implications for engineering infrastructure,
particularly defensive tunnels.

Methodology: This research adopts a mixed-methods
approach. In the qualitative phase, thematic analysis was
employed to extract key concepts related to the impacts of
climate change on defensive tunnels from documents published
between 2010 and 2024. The statistical population of the study
includes experts, university professors, and engineers associated
with the defense sector within the armed forces, with purposive
sampling utilized in the quantitative phase. For data analysis,
structural equation modeling (SEM) was conducted using the
Smart PLS software.

Findings: The findings reveal that 13 climatic factors
significantly influence the design, construction, and
maintenance of defensive tunnels. The coefficients of
determination for the impact of climate change components on
the design, construction, and maintenance of defensive tunnels
are 0. 792, 0. 756, and 0. 759, respectively. This indicates that
79%, 75%, and 75% of the variations in the design,
construction, and maintenance of defensive tunnels are
explained by climate change components.

Conclusion: The study concludes that climate change poses
significant risks to the stability of defensive tunnels. To
mitigate these risks, it is essential to incorporate climate-
resilient design principles, such as using more durable
materials, enhancing drainage systems, and conducting
thorough environmental assessments. Future tunnel design and
maintenance strategies must consider these climate factors to
ensure the long-term integrity of defensive infrastructure.
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Factors Influencing Climate Change on the Design, Construction,
and Maintenance of Defensive Tunnels
Extended Abstract

Background and Objective:

The increasing impacts of global climate change have raised significant concerns regarding
the stability and functionality of infrastructure (IPCC, 2021), particularly underground
structures such as defensive tunnels (Peng et al, 2019, Zhao et al, 2023). These tunnels,
which are critical for national security and emergency response, are increasingly exposed to
climatic stressors including fluctuating temperatures, freeze-thaw cycles, heavy rainfall, and
thawing of permafrost (Andersland & Ladanyi, 2003). Defensive tunnels are typically built to
withstand external threats, but the rapid rate of climate change has introduced new (Collings,
2024), unpredictable challenges that threaten their structural integrity (Jiang & Tan, 2022).
The goal of this paper is to assess how global climate change, particularly in the context of
temperature variations, freeze-thaw cycles, heavy rainfall, and permafrost thawing, affects
the durability and maintenance of defensive tunnels. As the environmental conditions around
these tunnels evolve, understanding these impacts and integrating them into the design,
construction, and maintenance of these tunnels is paramount. This research examines the
existing body of literature from 2010 to 2024, identifying the key factors that affect the
stability of defensive tunnels under climate change conditions. Furthermore, this paper
proposes strategies to mitigate these challenges and ensure the resilience of defensive tunnel
infrastructure.

Methodology:

This research adopts a mixed-methods approach. In the qualitative phase, thematic analysis
was employed to extract key concepts related to the impacts of climate change on defensive
tunnels from documents published between 2010 and 2024. The statistical population of the
study includes experts, university professors, and engineers associated with the defense
sector within the armed forces, with purposive sampling utilized in the quantitative phase.
For data analysis, structural equation modeling (SEM) was conducted using the Smart PLS
software.

Findings:

variations in the maintenance of defensive tunnels are explained by climate change
components. Overall, in this research, the coefficient of determination for most components
was above 0. 7, suggesting that independent variables strongly explain the dependent
variable.

The path coefficient indicates the presence of a linear causal relationship and the strength and
direction of this relationship between two latent variables. Essentially, it is the standardized
regression coefficient. As observed in the model, the path coefficients are close to 1,
indicating a strong linear causal relationship between the variables. The T-values were used
to assess the structural model fit, with coefficients required to be above 1. 96 to confirm their
significance at a 95% confidence level. As observed, all components of climate change
affecting the design, construction, and maintenance of defensive tunnels were above 1. 96.
Therefore, with 95% confidence, it can be concluded that all identified indicators in this
model are effective in the design, construction, and maintenance of defensive tunnels.
Conclusion:

The objective of this study is to investigate the factors influencing climate change on the
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design, construction, and maintenance of defensive tunnels based on a structural equation
modeling approach. Initially, a qualitative content analysis was conducted, resulting in the
identification of 13 subcategories through thematic analysis. A comparison with other studies
indicates that most research emphasizes the direct impact of climatic factors on tunnel
stability, and the findings of this study are consistent and corroborated by similar research.
The comparison of this study's results with other research on the impact of climate on tunnels
reveals that many of these findings align with similar results reported in other studies. For
instance, a study by Hosseini and Khodayari (2020) examined the effects of freeze-thaw
cycles on the strength and lithological parameters of rocks in Iran. This study demonstrated
that freeze-thaw cycles reduce the compressive strength of rocks and increase their
brittleness. The results indicated that for the construction of tunnels and other structures in
cold regions, the impact of freeze-thaw cycles must be considered in engineering designs,
which aligns with the findings of this study.

Based on the results of this study and its comparison with other research, several
recommendations are proposed to improve the design and maintenance of defensive tunnels
in the face of climate change:

1. Updating Design Standards: Given the significant impact of climate change on
tunnel design, it is recommended that the design standards for defensive tunnels be
updated to fully incorporate climatic factors such as temperature increases, changes
in precipitation patterns, and droughts.

2. Use of Climate-Resistant Materials: During the construction phase, the use of
materials that are more resistant to temperature fluctuations, humidity, and soil
pressure can enhance the durability and stability of tunnels.

3. Preventive Maintenance Planning: Considering the impact of climate change on
tunnel maintenance, it is suggested that preventive maintenance programs be
implemented regularly, taking into account current and future climatic conditions.

4. Continuous Climate Monitoring: Establishing continuous climate monitoring
systems around tunnels can help quickly identify changes and take necessary actions
to mitigate adverse effects.

5. Further Research: Conducting additional research on the impact of climate change
on defensive tunnels, particularly in regions with specific climatic conditions (such
as cold and coastal areas), can lead to a better understanding and more effective
solutions.

6. International Collaboration: Exchanging information and experiences with countries
and international organizations working on the impact of climate change on
infrastructure can help improve methods and standards for the design, construction,
and maintenance of defensive tunnels.

Keywords: Climate change, defense tunnels, design, construction, maintenance.
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