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Compacted Bentonite-Sand Buffer (BSB) material is one of the clay based sealing-system components
proposed for use in a Canadian Deep Geological Repository (DGR) for used nuclear fuel (Maak and
Simmons 2005). BSB is a 50:50 mixture (by dry mass) of bentonite and well-graded silica sand, compacted
to a dry density of at least 1.67 Mg/m3. Numerical modelling of the evolution of a DGR requires defining
of the Hydro-Mechanical (HM) parameters of the BSB.

The objective of this paper is to determine the parameters that are needed to utilize an elastoplastic model
to describe the BSB. The parameters of the Basic Barcelona Model (BBM) (Alonso et al., 1990) for BSB
are determined based on the results of laboratory tests done under both water-saturated and unsaturated
conditions (e.g., Tang 1999, Blatz 2000, Anderson 2003). The BBM utilizes three key stress-state
variables: net mean stress (p), deviatoric stress (q), and suction (s). Modification of the BBM to improve
the prediction of the BSB behaviour is made based on these laboratory test results.

Utilizing the notation in Alonso et al. (1990), preconsolidation stress (po), stiffness parameters due to
changes in p in elastic (κ) and plastic (λ(s)) ranges are determined from triaxial test results under isotropic
loading, unloading and constant mass conditions with suctions in the range of 0-125 MPa. An increase of
s results in an increase of po and a decrease of λ(s) for s < 30 MPa, and constant po and λ(s) for s > 30 MPa
(Blatz 2000 and Anderson 2003). These data are used to determine the LC-Line (Figure 1b). Blatz (2000)
and Anderson (2003) concluded that the BSB has clay-dominated behaviour for s < 30 MPa and sand-
dominated behaviour for s > 30 MPa. Based on this conclusion, the hardening parameter so of the suction
increase yield curve (SI-Line in Figure 1b) is equal to 30 MPa. Using a measured s-v relationship from
shrinkage tests (Figure 1a), stiffness parameters for changes in s in the elastic range (κs) are approximately
~ 0.065 and in the plastic range (λs) are approximately ~ 0, which is different from the original BBM
featuring λs > κs (Alonso et al., 1990).

The tensile strength (ps) of the BSB is defined from laboratory tests (Tang 1999) to be 0.31 MPa for
s = 10 MPa results in k ~ 0.031, where k is the slope of ps-line (Figure 1b) describing an increase of tensile
strength with suction. The BBM assumes that ps continues to increase with suction (Alonso et al., 1990).
Considering that for s > s0, po and λ(s) become constant for BSB, ps should also be constant for s > 30 MPa
and results in k ~ 0 for s > 30 MPa. Finally, the yield surface in p-s space under isotropic loading condition
(q = 0) has the LC-, ps-, and SI-lines as the boundaries (Figure 1b).

The results of triaxial tests monitored during shearing (Blatz 2000, Anderson 2003) with various p-q stress
paths and constant suction within a range of 0-125 MPa are used to determine the yield and critical state
functions. Two types of failures (e.g., ductile and brittle) depending on the p-s-q stress states were
observed. Critical state slopes M interpreted from these test results show that M increases with s for s < s0
and becomes constant for s > s0 (Figure 1c). The original BBM (Alonso et al., 1990) assumed that M is a
constant. Based on this observation, a bi-linear function is created. This function has M increasing with
s from ~ 0.3 to 1.1 for s~ 0 to 30 MPa and remaining constant M for s > 30 MPa (Figure 1c).

This paper introduces two modifications of the original BBM (Alonso et al., 1990) to simulate BSB by
creating two bi-linear functions for M and ps (i.e., M = M(s) and k = k(s)) (Figures 1c and 1b). Stress
volume relationship in p-s-v space (Figure 2a) and critical state surface in p-s-q space (Figure 2b) created
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using this model match the results of laboratory test results. The initial yield surface in p-q-s space is also
presented in Figure 2c.

In some computer codes, implementation of an elastoplastic model requires substitution of p with the
Bishop’s effective stress (p′ = p + Sr⋅s), where Sr is the degree of saturation. The magnitude of the BBM
parameters in p-q-s space will change when p′-s-v space is used. This paper will discuss the transformation
of these parameters. Finally, this set of BBM parameters is used to simulate the H-M behaviour of the BSB
in triaxial tests using a computer code (e.g., FLAC or CODE_BRIGHT) and the results are discussed.
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(a) Shrinkage Tests Results (b) Yield Loci at q =0 (c) Critical State Slope M

Figure 1: Relationship of Various Parameters of the BSB.

(a) p-s-v Relationship (b) Critical State Surface
in p-s-q Space

(c) Initial Yield Surface
in p-s-q Space

Figure 2: 3-D Relationships of the Modified BBM for BSB Material.


