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MECHANICAL BEHAVIOR OF SOIL-BENTONITE CUTOFF WALLS

Diane Y amane Baxter

(ABSTRACT)

A soil-bentonite cutoff wall is a type of subsurface vertical barrier constructed by back-
filling a trench with a mixture of soil, bentonite, and water. Although soil-bentonite
cutoff walls are common, their mechanical behavior is not well understood. Current
design procedures do not consider the final stress state of the consolidated soil-bentonite
backfill or deformations in adjacent ground. The fina stress state in the completed wall
is important because it influences the hydraulic conductivity of the cutoff (Barrier 1995),
the cutoff’s susceptibility to hydraulic fracture, and the magnitude of deformations
adjacent to the cutoff wall. Deformations adjacent to the cutoff wall can be significant
and can cause damage to adjacent structures. The objectives of this research are to 1) add
to the current body of knowledge of the properties of soil-bentonite mixtures, 2) evaluate
constitutive models and select a model to represent soil-bentonite, 3) model a soil-
bentonite cutoff wall using finite elements, and 4) investigate the influence of severd

factors on the deformations in adjacent ground.

These objectives were met by first summarizing information from the literature on soil-
bentonite properties and then performing a laboratory testing program on different soil-
bentonite mixtures. Five constitutive models were evaluated to determine how well they
match the data from the laboratory testing program. A model referred to as the RS model
was chosen to best represent soil-bentonite, and provided a good match of the soil-
bentonite behavior. The RS model, which is a specia case of a more complicated
existing model, is a non-associative Modified Cam Clay type model that has parameters
to change the yield surface and plastic potential surface into ellipses of varying shapes.
The RS model was implemented into the finite element program SAGE.



A finite element model was developed using SAGE to simulate all stages of construction
of a soil-bentonite cutoff wall including excavation of a trench under bentonite-water
durry, replacement of the bentonite-water slurry with soil-bentonite backfill, and con-
solidation of the soil-bentonite backfill. The model was calibrated with a well-
documented case history, and predicted deformations in adjacent ground were close to
measured deformations. Evaluation of the model indicates that there is good confidence
in the prediction of deformations in adjacent ground, but there is lower confidence in the
predicted stresses in the consolidated soil-bentonite and settlement of the backfill in the
trench. A parametric study was then performed using the finite element model assuming
sand sites of varying density and OCR. Deformations in adjacent ground were calculated
for various soil conditions, soil-bentonite properties, and trench configurations. A
correlation was found between maximum calculated settlement in adjacent ground and
factor of safety against trench stability during excavation.
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