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INTRODUCTION

Development and validation of mechanical models for bentonite buffer and backfill materials are one of
important subjects to appropriately evaluate long term behaviour or condition of the EBS in radioactive
waste disposal. The Barcelona Basic Model (BBM, Alonso et al., 1990), which is one of extensions of the
modified Cam-Clay model for unsaturated and expansive soil, has been developed and widely applied to
several problems by using the coupled THM code, Code_Bright. Advantage of the model is that mechan-
ical characteristics of buffer and backfill materials under not only saturated condition but also unsaturated
one are taken account as well as swelling characteristics due to wetting. In this study the BBM is compared
with already existing experimental data and already developed
another model in terms of swelling characteristics of Japanese
bentonite Kunigel-V1, and is validated in terms of consolida-
tion characteristics based on newly performed controlled-
suction oedometer tests for the Kunigel-V1 bentonite.

SWELLING CHARACTERISTICS

Swelling due to decrease in suction (i.e. wetting) is defined as
follows in the BBM:

(1)

where e is void ratio, s is suction, p’ is net mean stress, patm is
atmospheric pressure and κs0, αsp and p’ref are material constants.
Therefore volumetric strain due to swelling εsmax when saturated
(i.e. s=0) under constant confined stress condition p’(net mean
stress) with initial void ratio e0 and initial suction s0 can be led
as follows:

(2)

Komine et al. (2003) have proposed a model (set of equations)
for predicting swelling characteristics based on the diffuse
double layer concept and the van der Waals force concept etc.
They performed a lot of swelling deformation tests of bentonite
and sand-bentonite mixture to confirm the applicability of the
model.

Figure 1 shows comparison of BBM (Eq.(2)) with the model
proposed by Komine et al. in terms of relationship between
confined net stress (net mean stress) p’ and volumetric strain
due to swelling εsmax for Kunigel-V1 with initial dry density
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Figure 1: Comparison of the BBM with
the model by Komine et al. in terms of
relationship between confined net stress
p’ and swelling volumetric strain εsmax.

Figure 2: Comparison of the BBM with
the experimental data of sand bentonite
mixture in terms of relationship
between confined net stress p’ and
swelling volumetric strain εsmax.
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ρd=1.6Mg/m3. In Figure 2 the BBM (Eq.(2)) is compared with the experimental data of sand-bentonite
mixture (bentonite content of 70% by weight) performed by Komine et al. The BBM well agrees with the
model proposed by Komine et al. and the experimental data in terms of swelling characteristics.

CONSOLIDATION CHARACTERISTICS

Compression index λ and swelling index κ depending on
suction s are introduced in the BBM as described by the
following equations to expand the applicability of the model to
unsaturated soil:

(3)

(4)

where λ0 and κ0 are respectively compression index and
swelling index under saturated condition(i.e. s=0) and α, β, and
γ are material constants.

Controlled-suction consolidation tests (oedometer tests) were
performed to confirm the applicability of the suction dependent
indexes to unsaturated bentonite(RWMC, 2009). Compacted
bentonite with initial dry density of 1.0Mg/m3 was tested.
Constant suction, 80kPa, 280kPa and 480kPa was applied and
kept during the consolidation tests. Figure 3 shows relationship
between vertical net stress σnet and void ratio e obtained from
the tests. The straight lines indicate linear approximation for
evaluating the compression index and swelling index. Suction
dependent compression index and swelling index obtained from
the tests (Figure 3) are shown in figure 4. It is found that the
BBM (Eqs. (3) and (4)) can fit to the test results in terms of s
vs. λ, κ relations.

CONCLUSIONS

Applicability of the BBM to consolidation and swelling
behaviour of saturated and unsaturated bentonite is confirmed
based on comparison with existing model and data and newly performed controlled-suction oedometer tests
of Japanese bentonite Kunigel V1. However applicability to shear behaviour of unsaturated bentonite has
not been confirmed in this study yet and much more laboratory experiments should be carried out to
enhance confidence to the model and to improve the model.
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Figure 3: Vertical net stress σnet vs.
void ratio e obtained from the
controlled-suction consolidation tests.

Figure 4: Comparison of the BBM
(Eqs. (3), (4)) with the test results in
terms of dependency of compression
index and swelling index on
suction(RWMC, 2009).


