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Constitutive models of Geomaterials

Description of macroscopic soil behavior based on 
microscopic observation of particle assemblage

Elasto-plasticity

Elasticity

Monotonic behavior
Cyclic behavior

Elasticity (isotropic / anisotropic), Hypo-elasticity, Hyper-elasticity, Visco-elasticity, …

Critical state soil mechanics
Cyclic plasticity Liquefaction, 

Cyclic mobility

Unsaturated soils
Over-consolidated soils

Description of macroscopic 
behavior of particle assemblage

Visco-plasticity Hypo-plasticity

Computational multiscale modeling, 
Homogenization technique

Direct representation of 
stress vs. strain curve

Data-driven numerical modeling

Coupling with thermal effect and chemical reactions
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Contact and fracture analysis

Elasto-plastic analysis

Finite element method (FEM)

Visualization, 
Design practice

Expansion of 
temporal/ 
spatial scale

Simulation: 
High accuracy, 
Integration

Micro and macro scales
Fracture/crack growth Multi-physics

Heterogeneous problems Multi-scale problems

Seepage analysis
Consolidation analysis

3D nonlinear analysis

Dynamic problems
Viscosity analysis

Limit analysis, Rigid plastic
Finite strain consolidation theory

User-friendly, GUI CAD, Image Recognition and Image Processing

Virtual reality

Fast processing algorithms

Contact analysis

Stochastic FEM
Sophistication of interaction model trade-off in 
refinement of measurement techniques

2000199019801960 1970 20302010 2020

Smoothed Particle Hydrodynamics (SPH)
Finite Point Method (FPM)
Point Collocation Method (PCM)

Element-free Galerkin Method (EFGM)

Continuum-based methods other than standard FEM

Meshless Method
with strong form 

Meshless Method
with weak form 

Other methods

Meshless local Petrov-Galerkin method (MLPG)
The Partition of Unity FEM (PUFEM)

Reproducing Kernel Particle Method (RKPM) 

Lattice Boltzman Method (LBM)
Material Point Method (MPM)

2000199019801960 1970 20302010 2020

Understanding physics 

Modeling of phenomena

Discontinuum-based modeling

Discrete Element Method (DEM)

Discontinuous Deformation Analysis (DDA)
Numerical Manifold Method (NMM)

Rigid Bodies-Spring Model (RBSM)

Numerical experiment

Modeling of particle shape

Direct simulations of granular materials
Solid-fluid coupled analysis
Understanding from micro to macro

Alogism for first and reasonable contact detection

Development of software and parallel computing

Number of elements: 101

Number of elements: 105

Number of elements: 1010
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Application process

Stability analysis

Applications of numerical methods in Geotechnical practice

Deformation analysis
Consolidation analysis

Seepage analysis
Dynamic analysis

Strong vibration analysis
Unsaturated soil analysis
High accuracy

LEVEL1
Design 1D Initial stage for application

LEVEL2 
Practical application Commercial software

LEVEL3 
Practical design

Rationalization of parameter 
setting (Cooperation with the 
ground survey method)

Popularization of 3D analysis

Accumulation of construction 
analysis using commercial 
analysis software, further 
improving efficiency
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