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2 Over consolidated
3 Unified model
4 Bounding surface concept
5 Radial mapping rule
6 Critical state
7 Critical state parameter
8 Non-associated flow rule
9 Isotropic hardening rule
10 Implicit integration scheme
11 Return mapping algorithm
12 Multiscale- Multiphysic
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6 Three-dimensional stress space
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Unified Model Summary

Monotonic Loading In the present paper, a unified anisotropic behavioral model for
Sub-loading Surface geotechnical materials is presented. The aim of this study is to simulate

Multilaminate Theory

! . . the behavior of soft rocks under monotonic loading conditions. The
Anisotropic Behavior

behavior of three samples of soft rock under monotonic loading in
drained conditions was simulated using the proposed unified behavioral
model and compared with the results of triaxial laboratory tests. A good
correlation was achieved between the model and laboratory data
through the simulation of triaxial tests at various confining pressures.
The developed model is capable of adequately simulating strain-softening behavior, maximum stress, and the
behavior of rock samples both before and after reaching maximum stress. Therefore, the developed model can
be effectively used to simulate the behavior of soft rocks.

Introduction

The use of appropriate behavioral models for predicting and understanding the correct behavior of rocks and
soils in geotechnical studies is important. One of the common behavioral models for simulating the behavior
of soils is the Cam-Clay model based on the concept of critical state. Given the limitations of this behavioral
model, efforts have been made by various researchers to develop a unified behavioral model for clay and sand.
Most of the enhanced behavioral models are based on the assumption that soils and rocks exhibit isotropic
behavior, while rock and soil materials are inherently anisotropic.

Methodology and Approaches

The proposed anisotropic unified behavioral model employs the non-associated flow rule and the concept of
critical state. Furthermore, the proposed model is developed based on the concept of the sub-loading surface.
To implement the model, the implicit Euler method is utilized. In this model, the anisotropic behavior of
geotechnical materials is simulated using the multilaminate theory. The proposed unified behavioral model
was used to simulate the behavior of three soft rock samples subjected to monotonic loading in drained
conditions, and the results were compared with those obtained from triaxial laboratory tests.

Results and Conclusions

For the laboratory tests conducted on various rocks at different lateral pressures, graphs of deviatoric stress
versus axial strain and volumetric strain versus axial strain were plotted. The results indicate a high level of
agreement between the model simulation and the laboratory data. The developed model effectively simulates
strain-softening behavior, peak stress, and the behavior of rock samples both before and after reaching peak
stress. Thus, it can be effectively utilized to model the behavior of soft rocks.
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