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Evaluation of the Stress State and Performance of a Soil-Bentonite Cutoff Wall Considering Mechanical
Title Interactions with Surrounding Soils (J& P & O FJEIMEIER 2 ERE L1z Y A L2 MFA MK
BE DG TR & HERR 0 FEA)

Abstract of Thesis

Soil-bentonite (SB) cutoff walls, which exhibit low hydraulic conductivity and high flexibility, are widely used to contain
contaminated soil-groundwater and illegally dumped waste, as well as for seepage control. In Japan, the trench cutting re-
mixing deep wall (TRD) method is commonly employed, as it enables the construction of highly homogeneous walls, even
in layered ground. After installation, the SB walls undergo consolidation, which is significantly influenced by mechanical
interactions with the surrounding soil, such as arching effects and lateral squeezing. As a result, the effective stress mobilized
in the wall is much lower than that predicted under geostatic conditions. Furthermore, the hydraulic conductivity and
mechanical properties of SB walls are highly stress dependent. Therefore, the stress state of the SB wall is a critical factor in
evaluating and ensuring its performance. The primary objective of this study is to evaluate the mechanical interactions
between the SB cutoff wall constructed using the TRD method and the surrounding soil. In addition, the influences of the
strength parameters of both the SB cutoff wall and surrounding soil, as well as the shear strength reduction factor R, on the
mean effective stress o'm mobilized in the SB wall is discussed.

In Chapter 1, the objectives and scope of the dissertation are outlined. The fundamental mechanisms governing the
behavior of the SB cutoff walls are described, emphasizing the importance of evaluating their stress state and shear behavior
at the interface with the surrounding soils.

Chapter 2 presents an overview of the development and advantages of SB cutoff walls. The mainstream construction
techniques, quality control requirements, and several existing models for predicting the internal stress state of SB walls are
summarized. The concept of the shear strength reduction factor at the interface, R, is also introduced.

In Chapter 3, the internal shear behavior and interface shear behavior of remolded soil-bentonite mixtures (SBM) are
evaluated through laboratory tests. Consolidated-undrained (CU) triaxial tests are conducted to characterize the shear behavior
of SBM. A finite element analysis is conducted to verify the applicability of the Modified Cam-Clay (MCC) model in
simulating the mechanical response of SB. In addition, constant-volume direct shear tests are performed at the interface
between the SB and decomposed granite soil to determine the effective interface shear strength parameters. The shear strength
reduction factor, R, for the remolded SB is determined to be 0.89.

In Chapter 4, undisturbed SBM samples are collected from a 15-year-old SB wall at the test site. Consolidation tests are
performed to determine the consolidation yield stress of the undisturbed SBM samples, which corresponds to the effective
stress mobilized after consolidation. Based on the existing arching model and the evaluated stress state with depth, the R value
is determined using a least-squares fitting method, yielding a value of 0.60.

In Chapter 5, numerical simulations are conducted to evaluate the effective stress state and interface interaction of the 15-
year-old SB wall at the test site. The MCC-based shear and deformation parameters are employed, and interaction between
the SB wall and the surrounding soil is modeled by introducing internal contact elements with normal and shear stiffness
derived from laboratory tests. A numerical fitting method is used to determine the value of R mobilized at the site, which is
found to be 0.63. The results indicate that only the shallow zone of the interface reaches the critical shear strength.

Chapter 6 investigates the practical implications of this study through a parametric analysis. Comparisons are made
between the SB cutoff walls constructed using the TRD method (R = 0.63 and 0.90) and the conventional backfilling method
(R=0.10) in terms of the ¢'m mobilized and deformation of a hypothetical 14.5-m-deep SB cutoff wall. The results show that
the TRD method reduces consolidation settlement of the wall, while decreasing the ¢'m by approximately 60% at 5 m depth
and by approximately 55% at the base of the wall, and increasing the horizontal displacement of the surrounding soil toward
the wall. These findings highlight the importance of accounting for reduced mean effective stress in hydraulic performance
evaluation and of monitoring the lateral deformation of the surrounding soil in practical design.

Chapter 7 summarizes the conclusions and outlines future research directions.
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