TUNNEL & UNDERGROUND SPACE Vol.29, No.1, 2019, pp.38-51
https://doi.org/10.7474/TUS.2019.29.1.038 ISSN: 1225-1275(Print) ISSN: 2287-1748(0Online)

TECHNICAL NOTES

SIXSIEo| H -ElAM HE 2MZ 2|5l Barcelona Basic Model 271

A7, & A, 021, 2UY

BITUAALTIL YA | BRI

Introduction of Barcelona Basic Model for Analysis of the Thermo-
Elasto-Plastic Behavior of Unsaturated Soils

Changsoo Lee*, Seok Yoon, Jaewon Lee, and Geon Young Kim
Radioactive Waste Disposal Research Division, Korea Atomic Energy Research Institute

*Comresponding author: leecs@kaeri.re.kr

Received: February 18, 2019
Revised: February 25, 2019
Accepted: February 25, 2019

ABSTRACT

Barcelona Basic Model (BBM) can describe not only swelling owing to decrease in effective
stress, but also wetting-induced swelling due to decrease in suction. And the BBM can also
consider increase in cohesion and apparent preconsolidation stress with suction, and decrease
in the apparent preconsolidation stress with temperature. Therefore, the BBM is widely used
all over the world to predict and to analyze coupled thermo-hydro-mechanical behavior of
bentonite which is considered as buffer materials at the engineered barrier system in the
high-level radioactive waste disposal system. However, the BBM is not well known in Korea,
so this paper introduce the BBM to Korean rock engineers and geotechnical engineers. In this
study, Modified Cam Clay (MCC) model is introduced before all, because the BBM was first
developed as an extension of the MCC model to unsaturated soil conditions. Then, the
thermo-elasto-plastic version of the BBM is described in detail.

Keywords: Barcelona Basic Model (BBM), Thermo-elasto-plastic model, Unsaturated soils,
Bentonite buffer materials, Coupled thermo-hydro-mechanical behavior
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Fig. 1. Principles of final disposal of spent nuclear fuel according to the KBS-3V method (SKB, 2010)
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Fig. 2. Scheme of the coupled thermo-hydro-mechanical processes in the near field (modified after Salas et al. (2014))
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Fig. 3. Effect of dry density on thermal and hydraulic properties of bentonite
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Fig. 4. Yield surface in the p' —¢ plane
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Fig. 5. Normal consolidation line and unloading-reloading (swelling) lines for an isotropic compression test
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Fig. 6. An incremental consolidation pressure change due to movement of point from 4" to 4”
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3. Barcelona Basic Model (BBM)
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Fig. 7. Relationship between preconsolidation stresses p, and p, (Alonso et al., 1990)
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Fig. 8. The vield surface in Barcelona Basic Model (modiified after Gens, 1995)
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Fig. 9. Three-dimensional representation of the yield surface in the p' —q¢— T'space (modiified after Hueckel and Baldi (1990))
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