
Introduction to Advanced Structural Analysis

Graduate?level overview – concise, organized, and ready for study or presentation.

1. Why “Advanced” Structural Analysis?

Traditional (Classical) Methods Limitations

Static equilibrium (force method,

displacement method)

Assumes linear elastic behavior, small deformations,

and simple support conditions.

Hand calculations (e.g., moment

distribution, portal method)

Becomes impractical for complex geometry, material

non?linearity, or dynamic loading.

Deterministic ? single “worst?case”

load case

Cannot capture variability, probabilistic safety, or time?

dependent effects.

Advanced analysis addresses these gaps by:

Incorporating material and geometric non?linearity.

Handling dynamic, thermal, and time?dependent loads.

Using computer?aided numerical methods (FEM, BEM, DEM, etc.).

Enabling probabilistic and reliability?based design.

2. Core Theoretical Foundations

2.1. Continuum Mechanics Recap

Concept Governing Equation Typical Use

Equilibrium
( \nabla \cdot \boldsymbol{\sigma} + \mathbf{b}= \rho

\ddot{\mathbf{u}} )

Static & dynamic

analysis

Compatibility Strain–displacement relations (linear or Green?Lagrange)

Ensures

deformation field

is physically

possible
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Concept Governing Equation Typical Use

Constitutive

Law

( \boldsymbol{\sigma}= \mathbf{C}:\boldsymbol{\varepsilon} )

(linear) or ( \boldsymbol{\sigma}=f(\boldsymbol{\varepsilon}) )

(non?linear)

Material behavior

(elastic, plastic,

visco?elastic,

etc.)

Boundary

Conditions

Dirichlet (prescribed displacement) / Neumann (prescribed

traction)

Define the

problem domain

2.2. Variational Principles

Principle of Minimum Potential Energy (for elastic, conservative systems)

[ \Pi(\mathbf{u}) = U(\mathbf{u}) - W_{\text{ext}}(\mathbf{u}) \quad \text{minimum} ]

Principle of Virtual Work (compatible with non?conservative forces)

[ \delta W_{\text{int}} = \delta W_{\text{ext}} ]

Hamilton’s Principle (dynamic problems)

[ \int_{t_1}^{t_2} \big( T - U \big),dt = \text{stationary} ]

Why they matter: All numerical discretizations (FEM, BEM) are derived from one of these

principles, guaranteeing energy consistency and convergence.

3. Numerical Methods Overview

Method
Typical

Application
Strengths Weaknesses

Finite Element

Method (FEM)

General static,

dynamic, thermal,

coupled problems

Highly versatile;

mature libraries; easy

to incorporate non?

linearity

Mesh quality critical; high

computational cost for very

large models

Boundary Element

Method (BEM)

Infinite or semi?

infinite domains,

crack problems

Only boundaries

discretized ? fewer

DOFs

Requires fundamental

solutions; less suited for

heterogeneous materials

Discrete Element

Method (DEM)

Granular media,

rockfall, soil?

structure interaction

Captures contact &

large separation

Computationally intensive

for fine discretizations
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Method TypicalApplication Strengths Weaknesses

**Meshfree / SPH

(Smoothed Particle

Hydrodynamics
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