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1. Preliminaries and Basic Concepts

1.1
1.2
13

14

What is Modelling?

Mathematical, Physical, and Numerical Modellings and their Relationship
Main Differential Equations in Civil Engineering Mitigation of Seismic
Hazards

Numerical Solution of Differential Equations - Spatial and Temporal

Discretization

2. Finite Difference Method (FDM)

2.1
2.2
2.3
2.4
2.5
2.6

Taylor Series Expansion as the Mathematical Base of the FDM
FDM Solution of Ordinary Differential Equations

FDM Solution of Parabolic PD Equations

FDM Solution of Hyperbolic PD Equations

FDM Solution of Elliptic PD Equations

Stability and Accuracy of Numerical Schemes - Lax Theorem

3. Finite Element Method (FEM)

3.1
3.2
3.3
3.4
3.5
3.6
3.7

Differences between FDM and FEM

Transforming the Differential Equations to Integral Equations

Interpolation (Shape) Functions for 1 and 2 Dimensional Elements
Iso-Parametric, Sub-Parametric and Super-Parametric Elements

Transforming Differential Form of the Equilibrium Equation to Integral Form
Numerical Integration

Transforming the Integral Form of the Equilibrium Equation to System of

Algebraic Equations



3.8  Solving Solid Mechanics Problems Using FEM
3.9  Solving Seepage Problems Using FEM

4. Numerical Modelling of Common Geotechnical Problems Using FEM
4.1  Geotechnical Problems Class A, B, and C
4.2  Modeling In-Situ Stresses in Geotechnical Problems
4.3  Modeling Construction Sequence in Geotechnical Problems
4.4  Numerical Modeling of Shallow Foundations
4.5  Numerical Modeling of Deep Foundations
4.6  Numerical Modeling of Retaining Walls
4.7 Numerical Modeling of Excavations
4.8  Numerical Modeling of Embankments

4.9  Numerical Modeling of Drained/Undrained Loading Conditions of Saturated
Strata

4.10 Numerical Modeling Considering Non-linear Elastic Soil Behavior
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