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Numerical Analysis of the Stacked Element Test for Hexagonal Metal Bars
Using RBSM with a Subloading Surface Model
(Proceedings of Symposium on Applied Mechanics)
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Koichiro YAMADA, Hosei University
Yoshihito YAMAMOTO, Hosei University
E-mail: koichiro.yamada.6x@stu.hosei.ac.jp

To establish a seismic resistance evaluation method for discontinuous rock mass, experimental and numerical
studies using stacked models of hexagonal bars have been conducted. Previous research has identified
challenges in setting constitutive models, with a tendency to overestimate initial stiffness. In this study, a
subloading surface model, which enables a smooth representation of elastoplastic transitions, was introduced
into the RBSM considering geometric nonlinearity to reproduce element tests. The results demonstrated that
the stiff degradation behavior observed after loading in the experiments can be accurately reproduced.
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Fig. 1 RBSM overview
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Fig. 2 Analysis overview
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Fig. 3 Analysis results
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Improvement of 3D discontinuous deformation analysis
incorporating an implicit integration algorithm of friction law
(Proceedings of Symposium on Applied Mechanics)
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Atsushi SHIMOKATA, Taisei Corporation
Ryota HASHIMOTO, Kyoto University
*E-mail: hashimoto.ryota.6e@kyoto-u.ac.jp

Estimation of seismic behavior of rock slopes adjacent to an important infrastructure has attracted increasing attention,
and Discontinuous Deformation Analysis (DDA) is a promising approach because it can represent block interactions
and post-failure motion. However, conventional DDA is sensitive to contact penalty parameters, and accurate prediction
of sliding becomes difficult. In this study, to improve accuracy and reduce dependence on parameter tuning, a fully
implicit three-dimensional DDA is developed by introducing a return-mapping-based implicit friction update combined
with Newton—Raphson iteration. The proposed method is validated through direct shear, dynamic sliding, and slope-
sliding benchmarks, confirming stable satisfaction of frictional strength and good agreement with theoretical solutions.
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Numerical study on impact resistance behavior of full-scale rockfall-protection soil embankment
using the Finite Element method (Proceedings of Symposium on Applied Mechanics)
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In this study, in order to investigate impact resistance behavior on a full-scale rockfall protection embankment,
a three-dimensional elasto-plastic impact response analyses were carried out varying the energy, impact angle,
and rotational component of the weight. From this study, the performance of a full-scale rockfall protection

embankment in capturing falling rocks was confirmed.
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Fig. 5 Comparison of drop-weight impact behavior.

Table 2 Numerical analysis parameters.

Parameter Values
Slope gradient 1:1.2,1:0.5
Input energy (kJ) 100, 200, 300
Rotational energy ratio (%) 0, 10, 40
Impact angle (°) 0, 10,20
Total number of cases 81
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Study on the Freezing Behavior of Soil Around U-Shaped Freezing Pipes
(Proceedings of Symposium on Applied Mechanics)
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A FZ (R - 1)

Soil freezing is the phenomenon where frozen soil forms as the pore water contained within the soil freezes. The properties of frozen
soil are generally characterized by two main features: high strength and high impermeability. Due to these properties, artificially created
frozen soil is sometimes utilized for applications such as frozen soil walls and ground reinforcement.

Building upon past geothermal research conducted in this laboratory, we will advance our investigation into the mechanisms of soil
freezing through small-scale, preliminary experiments and analysis, focusing specifically on localized frozen ground phenomena.
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Development of a Coupled MPM-VOF Method Incorporating Seepage Characteristics of
Unsaturated Soils (Proceedings of Symposium on Applied Mechanics)
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Mai NISHIMURA, Kyoto University
Ryota HASHIMOTO, Kyoto University
Yosuke HIGO, Kyoto University
E-mail: ryota.hashimoto.6e@kyoto-u.ac.jp

To analyze large deformation of unsaturated ground, particularly failure phenomena coupled with the behavior
of surface water, this study focuses on a coupled MPM-VOF method, which enables analysis of large
deformation behavior of ground under the interaction between free-surface and seepage flow. This study extends
MPM-VOF method to unsaturated soils incorporating seepage characteristics of unsaturated soils.
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Fig. 1 Schematic figure of a coupled MPM-VOF method.
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Fig. 3 Equilibrium of gravity and capillary forces.
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Fig. 4 Rapid drawdown problem of reservoir embankment.
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Fig. 5 Displacement magnitude profile at the final state.
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