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Extended Abstract
Introduction

Introduction: Leakage from water distribution systems is a global issue, causing significant annual economic losses
and environmental damage. A primary consequence of such leaks is soil fluidization, a process where saturated
granular soil around a pipe begins to behave like a fluid due to increased pore water pressure. This phenomenon can
lead to the formation of cavities and sinkholes, posing severe risks to urban infrastructure, including pipeline damage
and road collapse. While the fundamental principles of fluid flow in porous media and through orifices are well-
established, the specific, complex interplay in leak-induced fluidization remains an active area of research. This review
synthesizes existing knowledge on the mechanisms of soil fluidization triggered by water pipeline leaks, examining
the critical factors influencing its initiation and progression, and identifies key gaps for future investigation to enhance
predictive models and mitigation strategies.

Materials and Methods

This study employed a systematic literature review methodology to comprehensively analyze the current state of
knowledge on leak-induced soil fluidization. Research papers, conference proceedings, and technical reports from the
fields of hydraulic engineering, geotechnics, and fluid dynamics were identified and critically evaluated. The review
focused on both experimental (laboratory-scale physical models) and numerical studies. Key aspects examined
included the hydraulic behavior of leaks through orifices and soil, the initiation criteria for fluidization, the
characterization of the fluidized zone (e.g., dimensions, velocity fields), and the influence of various parameters such
as leak characteristics (pressure, flow rate, orifice geometry, direction), soil properties (grain size, uniformity,
permeability, cohesion), and burial conditions (cover depth). The limitations and contributions of each study were
assessed to build a coherent understanding of the phenomenon.

Results and Discussion

The analysis reveals that leak-induced fluidization is a complex, non-linear process governed by the coupled behavior
of orifice flow and seepage in soil. The transition from Darcy flow to non-Darcy flow and eventual fluidization is
initiated when the seepage force from the leak exceeds the buoyant weight of the soil grains. Experimental studies,
often using 2D models, have consistently shown that the dimensions of the fluidized cavity are highly sensitive to the
leak flow rate and internal pipe pressure. Soil properties exert a dominant influence; coarse-grained, permeable soils
experience higher leak rates but may exhibit more limited cavity expansion due to higher particle weight, whereas
finer soils can show greater vertical expansion. The uniformity coefficient (Cu) also plays a role, though it has not
been fully integrated into predictive equations. Orifice characteristics, including shape, size, and material (affecting
elastic/plastic deformation via the FAVAD theory), significantly impact the leak flow rate. Research has identified
distinct fluidization regimes, from localized cavities to full-scale fluidization, and stages of development from initial
disturbance to final equilibrium. Furthermore, the interaction between the fluidizing jet and the pipe itself can cause
erosion, exacerbating the leak. While several empirical equations have been proposed to predict fluidized area and
height, they often rely on dimensional parameters and have not universally incorporated key variables like orifice size
or soil uniformity, limiting their general applicability. Advanced 3D studies using techniques like CFD-DEM and
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transparent soils offer deeper microscopic insights but sometimes sacrifice direct correspondence to real soil-water
conditions.

Conclusion

Uncontrolled leakage from buried water pipelines is a critical concern in geotechnical and water engineering, with soil
fluidization being a major failure mechanism. This review consolidates evidence that fluidization is influenced by a
multitude of interacting factors: leak hydraulics, soil characteristics, and burial conditions. A comprehensive
understanding of this phenomenon is essential for the safe design, risk assessment, and monitoring of buried
infrastructure. Future research should prioritize several key areas: 1) Conducting 3D experimental studies with
minimal intrusive measurement techniques to better represent real-world conditions and compare findings with
existing 2D model results. 2) Investigating the interaction between multiple, adjacent leaks and their combined effect
on fluidization. 3) Exploring the influence of pipe scale and soil stratigraphy on the leakage and fluidization process.
4) Developing improved, fully dimensionless predictive models that incorporate a wider range of variables, including
orifice geometry, soil cohesion, and uniformity. Addressing these gaps will facilitate the development of more robust
empirical and numerical models, ultimately leading to improved strategies for predicting, preventing, and mitigating
the damaging effects of pipeline leaks on urban infrastructure.
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Table 1. Relationships between fluidization and mobilized height with pressure for different soils in the study by
Sharafodin et al. (2024)
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Table 2. Comprehensive summary of fundamentals, mechanisms, influencing factors, and key findings of soil

fluidization caused by water pipe leakage
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