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Motivation

There is not any limitation
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Commercial FEM software is garbage in garbage out 

Deep understanding of Finite Element Method

FEM software

Programming FEA

Industrial purpose

Academic purpose
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Introduction to MATLAB: MATLAB
MATLABis an abbreviation for "MATrix LABoratory.Ȱ
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MATLAB is a programming platform designed specifically for engineers and
scientists. The heart of MATLABis the MATLABlanguage,a matrix-basedlanguage
allowing the most natural expression of computational mathematics. While other
programming languagesmostly work with numbers one at a time, MATLAB is
designedto operateprimarily on whole matrices and arrays.



Introduction to MATLAB: MATLAB Reference
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How to write code

MATLABDocumentation

doc + function/command

help + function/command



Introduction to MATLAB: Command vs. Function Syntax
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If you do not require any outputs from the function, and all of the inputs are character vectors (that is, text enclosed in 
single quotation marks), you can use this simpler command syntax:        functionNameinput1 ... inputN

load Workspace.mat
load(' Workspace.matȭ

In MATLAB, these statements are equivalent:
Command syntax:

Function syntax:

This equivalence is sometimes referred to as command-function duality.

All functions support this standard function syntax: [output 1, ..., outputM] = functionName(input 1, ..., inputN)

With command syntax, you separate inputs with spaces rather than commas, and do not enclose input arguments 
in parentheses. Command syntax always passes inputs as character vectors. 

To use strings as inputs, use the function syntax. 
If a character vector contains a space, use the function syntax.

When a function input is a variable, you must use function syntax to pass the value to the function. Command 
syntax always passes inputs as charactervectors and cannot pass variable values. 



Introduction to MATLAB: Data types 
By default, MATLABstoresall numeric variables asdouble-precision floating-point values.
Additional data types store text, integer or single-precision values,or a combination of related data in a singlevariable

Numeric Types: Integer and floating-point data

Characters and Strings: Text in character arrays (Ȭȭ) and string arrays (Ȱȱ)

Dates and Time: Arrays of date and time values that can be displayed in different formats

Categorical Arrays: Arrays of qualitative data with values from a finite set of discrete, nonnumeric data

Tables: Arrays in tabular form whose named columns can have different types

Timetables: Time-stamped data in tabular form

Structures: Arrays with named fields that can contain data of varying types and sizes

Cell Arrays: Arrays that can contain data of varying types and sizes

Function Handles: Variables that allow you to invoke a function indirectly

Map Containers: Objects with keys that index to values, where keys need not be integers

Time Series: Data vectors sampled over time

Data Type Identification: Determining data type of a variable

Data Type Conversion: Converting between numeric arrays, character arrays, cell arrays, structures, or tables
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ans Most recent answer

clc Clear Command Window

clear Clear Workspace

global Declare variables as global

plot 2-D line plot

format Set Command Window output display format

iskeyword Determine whether input isMATLABkeyword

fpritf / sprintf Write data to text file/Format data into string or character vector

zeros Create array of all zeros

ones Create array of allones

eye/diag Identity matrix/ Creates or extract diagonals

fopen Open file, or obtain information about open files

fcolse Close one or all open files

patch Plot one or more filled polygonal regions

Most Common
MATLAB code

Introduction to MATLAB: Common Functions and Commands



Introduction to MATLAB: Common Functions and Commands
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1-Matrices can be created in MATLAB by the command

Note the semi-colon at the end of each matrix line.

2-Operating with matrices

3-Statements: are operators, functions and variables, always producing a matrix which can be used later.

4-Matrix functions

5-Conditionals, if and switch

6-Loops: for and while

7- Relations

8-Submatrix

9-Logical indexing



Introduction to MATLAB: M-file vs. Mlx-file
M-file:

Plain Code Scripts and Functions

In new Versions: Functions could be saved as separate m-files (function) as well as in the end off main script

Mlx-file:

MATLAB live scripts and live functions are interactive documents that combine MATLAB code with 
formatted text, equations, and images in a single environment called the Live Editor. In addition, live scripts 
store and display output alongside the code that creates it.

Functions could be saved as separate mlx-files (function) as well as in the end off main script
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Preprocessing Simulation Postprocessing

Introduction to MATLAB: Simulation Strategy

Input File

11

Solver File Output File

M-file or Mlx-file M-file or Mlx-file + Function files Text file and figures
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Physical Problem Mathematical Model Solution

Introduction to FEA: Basic Concepts

(governed by differential equations)



Introduction to FEA: Basic Concepts
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Methods of Analysis

Numerical MethodsSemi-analytical (Approximate) MethodsAnalytical Methods

Finite Difference Method

Finite Element Method

Finite Volume Method

Boundary Element Method

Numerical IntegrationLumped-parameter Methods

Series Discretization Methods

ODE

PDE Separation of variables

The existing mathematical tools will not be sufficient to find the 
exact solution (and sometimes, even an approximate solution) 

of most of the practical problems.



Introduction to FEA: Basic Concepts
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Numerical Methods

Semi-analytical (Approximate) Methods

Analytical Methods

Finite Element Method

Series Discretization Methods

Variational Approach

Weighted Residual Approach

Assumed Solution 

Must be satisfied 
Essential (geometry)
Boundary conditions

Must be satisfied
Essential (geometry) 

as well as
Natural (force)

Boundary conditions

Weak Form 

Strang Form 

Weak Form 

Strang Form 



Introduction to FEA: Basic Concepts
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The Finite Element Analysis (FEA) is the simulation of any given physical phenomenon using the 
numerical techniquecalled Finite Element Method (FEM).

15

Space Discretization

FEM subdividesa large system into smaller, simpler parts that are called finite elements

construction of a meshof the object

The basic ideabehind the finite element method is to divide the structure, body, or region being analyzed into a 
large number of finite elements, or simply elements.

The solution region is considered to be built of many small, interconnected 
subregions called elements. 

What is Finite Element Analysis ?



Introduction to FEA: Applications

Structural Analysis

Thermal Analysis

Fluid Structure Analysis

Electromagnetic Analysis

Multiphysics Analysis

Optimization Analysis
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Structural 
Analysis

time-
independent

Static Displacement/Stress Analysis
Sandwich panel        

Composite Material

Eigenvalue 
problem

Buckling and post-buckling analysis

Frequency and mode shape analysis

time-
dependent

Quasi-static

Time-depend material response Creep and Viscoelasticity

Low-velocity forming

Unstable problems
local instabilities (e.g. surface 
wrinkling) and local buckling

Dynamic

Explicit dynamic analysis Impact of Composite Material

Implicit dynamic analysis

Response spectrum analysis

Introduction to FEA: Applications
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Analysis

Multiphysics

Thermal structural analysis

Fluid structural analysis

Optimization

Topology optimization

Shape optimization

Introduction to FEA: Applications
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Introduction to FEA: Analysis Procedures
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1-Discretization

Procedures

2-Interpolation (Shape Function)

3-Derivation of characteristic matrices (element stiffness matrices and load vectors)

4-Assembly

5-Applying Boundary Conditions 

6-Solving unknown 



Introduction to FEA: Analysis Procedures
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1- Discretization

Thefirst step in the finite elementmethod involves dividing the body into an equivalent systemof finite elements
with associatednodesand choosingthe most appropriate element type to model most closely the actualphysical
behavior.

Small elements (and possibly higher-order elements) are generally desirable where the results are changing
rapidly, suchaswhere changesin geometry occur

Spatial Discretization (Mesh)



Introduction to FEA: Analysis Procedures
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Introduction to FEA: Analysis Procedures
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2-Interpolation (Select a Displacement Function)

Sincethe displacementsolution of a complex structure under any specified load conditions cannot be predicted
exactly, we assumesomesuitable solution within an element to approximate the unknown solution. Theassumed
solution must be simple from a computational standpoint, but it should satisfy certain convergence
requirements. In general,the solution or the interpolation model is taken in the form of apolynomial.

όὼȟώȟᾀ ὥὔ ὼȟώȟᾀ ὥὔ ὼȟώȟᾀ ὥὔ ὼȟώȟᾀ ỄApproximate Solution
satisfy the Essential
boundary conditions exactly

όὼȟώȟᾀ ὔὼȟώȟᾀ ὥ

Interpolation
(Geometric Order of Element)

Linear Quadratic



Introduction to FEA: Analysis Procedures

Fiveaspects of an element characterize its behavior: 

Family 

Degrees of freedom Number of nodes 

Number of nodes and order of interpolation

Formulation 

Integration 

Milad Vahidian, Ph.D. Student of Mechanical Engineering 23



Introduction to FEA: Analysis Procedures

Five aspects of an element characterize its behavior: 

Family

Degrees of freedom Number of nodes: the translations and, for shell, pipe, and beam elements, the 

rotations at each node.

Number of nodes and order of interpolation

Formulation 

Integration 
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Introduction to FEA: Analysis Procedures

Five aspects of an element characterize its behavior: 

Family 

Degrees of freedom Number of nodes 

Number of nodes and order of interpolation

Formulation 

Integration 
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Introduction to FEA: Analysis Procedures

Five aspects of an element characterize its behavior: 

Family 

Degrees of freedom Number of nodes 

Number of nodes and order of interpolation

Formulation: mathematical theory used to define the element's behavior (Lagrangian or Eulerian/shell 

element: 1-general-purpose shell analysis, 2-thin shells, 3-for thick shells.)

Integration 
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Introduction to FEA: Analysis Procedures

Five aspects of an element characterize its behavior: 

Family 

Degrees of freedom Number of nodes 

Number of nodes and order of interpolation

Formulation 

Integration: Using Gaussian quadrature for most elements (full or reduced integration)
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Introduction to FEA: Analysis Procedures
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3-Derive element stiffness matrices and load vectors

FE Formulation

Direct Approach: Equilibrium

Variational Approach: Minimizing Functional

Weighted Residual Approach: Minimizing Error in domain

From the assumed displacement model, the stiffness matrix ὑ and the load vector ὖ of element e are to be 
derived by using a suitable variational principle , a weighted residual approach(such as the Galerkin method), or 
equilibrium (direct method) conditions.



Introduction to FEA: Analysis Procedures
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According to this method, the stiffness matrix and element equations relating nodal forces to nodal 
displacements are obtained using force equilibrium conditions for a basic element, along with 
force/deformation relationships.

Direct Approach

Variational Approach

Weighted ResidualApproach

The weighted residual methods allow the finite element method to be applied directly to any differential 
equation.

The variational approach is based on the application of variational calculus, which deals with the 
extremization of functionals in the form of integrals.

Ὅ Ὗόȟὺȟύȟȣ ὡ όȟὺȟύȟȣ ᵼὍ Ὗ ὥ ὡ ὥ ᵼ‏Ὅπ ᵼ
‬Ὅ

‬ὥ
π

ὒό Ὂὼȟώȟᾀ π ᵼὙ ὒό ὔ ὥ Ὂὼȟώȟᾀ ᵼ ύὙὨὠ π



Direct Approach
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According to this method, the stiffness matrix and element equations relating nodal forces to nodal displacements 
are obtained using force equilibrium conditions for a basic element, along with force/deformation relationships.

As an example



Variational Approach
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Ὗ‏ ὡ‏ ᵼ ♯Ⱡ╣Ɑ▀╥ ♯╤╣╕╫▀╥ ♯╤╣╣▀╢ ♯╤╣╕▬

♯Ⱡ╣╓ Ⱡ▀╥ ♯Ⱡ╣╓ Ⱡ ▀╥ ♯Ⱡ╣Ɑ ▀╥ ♯╤╣╕╫▀╥ ♯╤╣╣▀╢ ♯╤╣╕▬ π

Elastic strain energy

Self strain energy

Prestress energy

Point Load workBody force work

Surface Traction work

Ɑ ╓ Ⱡ Ⱡ ⱭStress Vector

Stiffness matrix

Total Strain

Self Strain

Prestress Vector

╥

║╣╓ ║▀╥ ╪ ║╣╓ Ⱡ ▀╥ ║╣Ɑ ▀╥ ╝╣╕╫▀╥ ╝╣╣▀╢ ╝╣╕▬
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ό

όὼȟώȟᾀ
ὺὼȟώȟᾀ
ύὼȟώȟᾀ

ὔὼȟώȟᾀ ὥ ‐ ὒό ὒὔὼȟώȟᾀ ὥ ὄ ὥ



Weighted Residual Approach
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The weighted residual method is a technique that can be used to obtain approximate solutions to linear and
nonlinear differential equations. If we use this method the finite element equations can be derived directly from
the governing differential equationsof the problem without any needof knowing the functional. We first consider
the solution of equilibrium , eigenvalue,and propagation problems using the weighted residual method and then
derive the finite elementequationsusing the weighted residual approach.

Point Collocation Method

Subdomain Collocation Method

Galerkin Method

Least Squares Method

ὒ ό Ὂὼȟώȟᾀ π ᵼὙ ὒ ό ὔ ὥ Ὂὼȟώȟᾀ ᵼ ὔὙὨὠ πὭ ρȟȢȢȟὔ

Galerkin Method

Weighted Residual



Introduction to FEA: Analysis Procedures
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4-Assemble element equations to obtain the overall equilibrium equations

The individual element nodal equilibrium equations are assembled into the global nodal equilibrium equations.

ὃὉ

ὒ
π

ὃὉ

ὒ
π

π π π π
ὃὉ

ὒ
π

ὃὉ

ὒ
π

π π π π

ό
ὺ
ό
ὺ

Ὢ
Ὢ

Ὢ
Ὢ



Introduction to FEA: Analysis Procedures
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ὑ

ὟȾό
ὠȾὺ
ὟȾό
ὠȾὺ

π π π π
π χφφφφȢφχ π χφφφφȢφχ
π π π π
π χφφφφȢφχπ χφφφφȢφχ



Introduction to FEA: Analysis Procedures
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ὑ

ὟȾό
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Introduction to FEA: Analysis Procedures
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5- Apply Boundary Conditions

Governing equation, must be modified to account for the boundary conditions, is a set of 
simultaneous algebraic/ordinary differential/partial differential equations that can be written in 

expanded matrix form.

The subscripts P and F refer respectively to the 
prescribed and free degrees of freedom



Introduction to FEA: Analysis Procedures
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It should be mentioned that K will always have an inverse for well-posed problems solved by the finite element method.

6- Solve for the unknown nodal displacements



Introduction to FEA: Analysis Procedures
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6-Calculation of the Element Resultants

SUPPORT REACTIONS

-%-"%23ȭ &/2#%3

Once all the displacements are known, the member forces can be easily obtained



Introduction to FEA: Analysis Procedures

StaticProblem 
(ODEs or PDEs)

System of Algebraic Equations 
(Linear or Non-linear)
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DynamicProblem 
(PDEs)

System of ODEs
(Linear or Non-linear)

FEM

FEM

Ὠ

Ὠὼ
ὃὉ
Ὠόὼ

Ὠὼ
ύὼ

Ὠ

Ὠὼ
ὃὉ
‬όὼȟὸ

‬ὼ
ύὼȟὸ ”

‬όὼȟὸ

‬ὸ

ὑ ὥ Ὢ

ὓ ὥὸ ὑ ὥὸ Ὢὸ

ὥ

ὥ
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Introduction to FEA: Analysis Procedures

Material Nonlinearity: Due to non-linear constitutive law (e.g., polymer materials)

Geometric Nonlinearity: Due to Large displacements or large rotations

Boundary Nonlinearity: Due to non-linearity of boundary conditions (i.e., contact problems)

Milad Vahidian, Ph.D. Student of Mechanical Engineering

Non-linear 
Structural
Problems

40



Introduction to FEA: Analysis Procedures
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FEM

Linear Problems:     ὑ ὥ Ὢ

Explicit Method

Static Problems

Non-Linear Problems:  ὑ ὥ ὥ Ὢ ὥ
Implicit Method

Dynamic Problems
(Dynamic Implicit)

Linear Problems:  ὓὸ ὥὸ ὑὸ ὥὸ Ὢὸ

Non-Linear Problems:
ὓὸȟὥ ὥὸ ὑὸȟὥ ὥὸ Ὢὸȟὥ

Dynamic Problems

ὓὸȟὥ ὥὸ ὑὸȟὥ ὥὸ Ὢὸȟὥ

Linear system of algebraic equations

Non-linear sys. of algebraic equations

Linear sys. of ODEs

Non-linear sys. of ODEs

Non-linear or Linear sys. of ODEs

41

Quasi-Static Problems



Problem 1: Truss Problem
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Problem Discerption 



Problem 1: Truss Problem
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All input and output data must be specified in consistent units

43



Problem 1: Truss Problem
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Data Preparation (Create Input file)

44

Nodes Coordinates

Element Connectivity

Material and Geometrical Properties

Boundary Conditions

Loading



Problem 1: Truss Problem
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Discretization and Interpolation 

όὼ
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Problem 1: Truss Problem
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Direct Approach
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Problem 1: Truss Problem
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ὃὉ

ὒ
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ὒ
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Local Stiffness Matrix
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Problem 1: Truss Problem
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Element stiffness matrix in the global coordinate system

ὅ

ὧέί— ίὭὲ— π π
ίὭὲ— ὧέί— π π
π π ὧέί— ίὭὲ—
π π ίὭὲ— ὧέί—

ӶὨ ὟȟὠȟὟȟὠ

Global Stiffness Matrix



Problem 1: Truss Problem
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Assemblage

The individual element nodal equilibrium equations are assembled into the global nodal equilibrium equations.



Problem 1: Truss Problem
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Assemblage

ὑ

ὟȾό
ὠȾὺ
ὟȾό
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Problem 1: Truss Problem
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Assemblage

ὑ

ὟȾό
ὠȾὺ
ὟȾό
ὠȾὺ

π π π π
π χφφφφȢφχ π χφφφφȢφχ
π π π π
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Problem 1: Truss Problem
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Assemblage

Element 1 Element 2 Element 3



Problem 1: Truss Problem
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The subscripts P and F refer respectively to the prescribed and free degrees of freedom

Apply B.Cȭs and Solve (free) Nodal Displacement

If ‏ π



Problem 1: Truss Problem
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Calculation of the Element Resultants

SUPPORT REACTIONS

-%-"%23ȭ &/2#%3

Once all the displacements are known, the member forces can be easily obtained



Problem 2: Beam Problem
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Different types of modeling and associated assumptions 

55



Problem 2: Beam Problem
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Problem Discerption 



Problem 2: Beam Problem
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Data Preparation (Create Input file)

57

Nodes Coordinates Element Connectivity

Material and 
Geometrical Properties

Boundary Conditions

Loading

Element Ὂ ὓ Ὂ ὓ

1 ρπ ρπ ρπ ρπ

2 ρπ ψȢσσρπ ρπ ψȢσσρπ

3 π π π π
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EulerɀBernoulli theory of bending

Problem 2: Beam Problem
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Interpolation (Shape Function)

Problem 2: Beam Problem
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Direct Equilibrium Approach

Problem 2: Beam Problem

Ὂ ὉὍ
Ὠύὼ

Ὠὼ

ὉὍ

,
ρςύ φὒ— ρςύ φὒ—

ὓ ὉὍ
Ὠύὼ

Ὠὼ

ὉὍ

,
φὒύ τὒ— φὒύ ςὒ—

Ὂ ὉὍ
Ὠύὼ

Ὠὼ

ὉὍ

,
ρςύ φὒ— ρςύ φὒ—

ὓ ὉὍ
Ὠύὼ

Ὠὼ

ὉὍ

,
φὒύ ςὒ— φὒύ τὒ—
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Local Stiffness Matrix

Problem 2: Beam Problem
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Local Stiffness Matrix: Internal Hinge

Problem 2: Beam Problem

Internal Hinge
Discontinuity in the slope of the deflection curve

Zero value of the bending moment

Discretize the beam using two elements

The hinge should be accounted for only once; either associated with element 1 or with element 2

If the beam is discretized with two elements, one with a hinge at its right end and the other with a hinge at its 
left, the result will be a singular stiffness matrix.

Procedure
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The subscripts P and F refer respectively to the prescribed and free degrees of freedom

!ÐÐÌÙ "Ȣ#ȭÓ ÁÎÄ 3ÏÌÖÅ ÆÒÅÅ  .ÏÄÁÌ $ÉÓÐÌÁÃÅÍÅÎÔ

If ‏ π

Problem 2: Beam Problem
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Calculation of the Element Resultants

SUPPORT REACTIONS

-%-"%23ȭ &/2#%3

Once all the displacements are known, the member forces can be easily obtained

Problem 2: Beam Problem

If ‏ π

:  The vector of equivalent nodal forces at element level



3D Truss Problem
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Problem Discerption 

Ὁ ςππὋὖὥὃ πȢπςά

1

2
3

4

6

7
8

10
11

12

5

9
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All input and output data must be specified in consistent units

66

3D Truss Problem
Consistent Units
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Data Preparation (Create Input file)

67

3D Truss Problem

Nodes Coordinates

Element Connectivity

Material and Geometrical Properties

Boundary Conditions

Loading

geom (nnd, dim=3)

connec (nel, nne=2)

Ὁ ςππὋὖὥ
ὃ πȢπςά

nf (nnd, nodof=3)

load (nnd, dim=3)
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Discretization and Interpolation 

όὼ
ὺὼ
ύὼ

ὔ Ὠ

όὼ ὧ ὧὼ

όὼ π ό ὧ

όὼ ὒ ό ὧ ὧὒ
όὼ

ό ό

ὒ
ὼ ό

ὔ
ὔ π π ὔ π π
π ὔ π π ὔ π
π π ὔ π π ὔ

ὺὼ
ὺ ὺ

ὒ
ὼ ὺ

ὔ ρ
ὼ

ὒ
ὔ

ὼ

ὒ

ὺὼ ὧ ὧὼ

ὺὼ π ὺ ὧ

ὺὼ ὒ ὺ ὧ ὧὒ

ύὼ
ύ ύ

ὒ
ὼ ύ

ύὼ ὧ ὧὼ

ύὼ π ύ ὧ

ύὼ ὒ ύ ὧ ὧὒ Ὠ όὺύ όὺύ
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Ὢ Ὁὃ
ό ό

ὒ

Ὢ Ὁὃ
ό ό

ὒ

ὃὉ

ὒ

ρ π π ρ π π
π π π π π π
π π π π π π
ρ π π ρ π π
π π π π π π
π π π π π π

ό
ὺ
ύ
ό
ὺ
ύ

Ὢ
Ὢ

Ὢ
Ὢ
Ὢ

Ὢ

Local Stiffness Matrix

όὼ
ὺὼ
ύὼ

ὔ π π ὔ π π
π ὔ π π ὔ π
π π ὔ π π ὔ

ό
ὺ
ύ
ό
ὺ
ύ

‐
‬όὼ

‬ὼ

„ Ὁ‐

ὔ ρ
ὼ

ὒ

ὒ

‬

‬ὼ
π π

π π π
π π π

Ὀ
Ὁ π π
π Ὁ π
π π Ὁ

ὑ ὄὈὄὃὨὼ
ὃὉ

ὒ

ρ π π ρ π π
π π π π π π
π π π π π π
ρ π π ρ π π
π π π π π π
π π π π π π

ὔ
ὼ

ὒ
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Transformation Matrix

ὶ ὶὭ ὶὮ ὶὯ ὶὭᴂὶὮᴂὶὯᴂ

ὶὭȢὭ ὶὮȢὭ ὶὯȢὭᴂὶ

ὶὭȢὮ ὶὮȢὮ ὶὯȢὮᴂὶ

ὶὭȢὯ ὶὮȢὯ ὶὯȢὯᴂὶὯᴂ

ὶ

ὶ

ὶ

ὭȢὭᴂ ὮȢὭᴂ ὯȢὭᴂ

ὭȢὮᴂ ὮȢὮᴂ ὯȢὮᴂ

ὭȢὯᴂὮȢὯᴂὯȢὯᴂ

ὶ
ὶ
ὶ

ὶ

ὶ

ὶ

ÃÏÓὼȟὼ ÃÏÓώȟὼ ÃÏÓᾀȟὼ

ÃÏÓὼȟώ ÃÏÓώȟώ ÃÏÓᾀȟώ

ÃÏÓὼȟᾀ ÃÏÓώȟᾀ ÃÏÓᾀȟᾀ

ὶ
ὶ
ὶ

Ὕ Ὑ
Ὕ π

π ὝÃÏÓὼȟὼ
ὼ ὼ

ὒ
ÃÏÓώȟὼ

ώ ώ

ὒ
ÃÏÓᾀȟὼ

ᾀ ᾀ

ὒ

Ὀ ÃÏÓὼȟὼ ÃÏÓώȟὼ

ÃÏÓὼȟώ
ÃÏÓώȟὼ

Ὀ
ÃÏÓώȟώ

ÃÏÓὼȟὼ

Ὀ
ÃÏÓᾀȟώ

ÃÏÓὼȟὼ

Ὀ

ÃÏÓὼȟᾀ
ÃÏÓὼȟὼ ÃÏÓᾀȟὼ

Ὀ
ÃÏÓώȟᾀ

ÃÏÓώȟὼ ÃÏÓᾀȟὼ

Ὀ
ÃÏÓᾀȟᾀ Ὀ
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Transformation Matrix

Ὡ

Ὡ

Ὡ

ὩȢὩ ὩȢὩ ὩȢὩ

ὩȢὩ ὩȢὩ ὩȢὩ

ὩȢὩ ὩȢὩ ὩȢὩ

Ὡ
Ὡ
Ὡ

Ὕ

Ὑ
Ὕ π

π Ὕ

Ὡ Ὕ Ὡ



3D Truss Problem

Milad Vahidian, Ph.D. Student of Mechanical Engineering 72

Element stiffness matrix in the global coordinate system

Transformation Matrix

Ὧ ὯὩὩ Ὡ ὶ Ὡ

Ὡ ὶὩὯᴂ ὯᴂὩὩ
Ὧ Ὧᴂὶ ὶIndex Form

Matrix Form
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Ὢ Ὁὃ
ό ό

ὒ

Ὢ Ὁὃ
ό ό

ὒ

More Efficient Procedure

Ὧ
ὃὉ

ὒ
ρ ρ
ρ ρ

ὶ ÃÏÓὼȟώ ÃÏÓώȟώ ÃÏÓᾀȟώ ὶ

Ὑ
Ὕ π

π Ὕ

ὼ ὼ

ὒ

ώ ώ

ὒ

ᾀ ᾀ

ὒ
π π π

π π π
ὼ ὼ

ὒ

ώ ώ

ὒ

ᾀ ᾀ

ὒ

ÃÏÓὼȟὼ
ὼ ὼ

ὒ
ÃÏÓώȟὼ

ώ ώ

ὒ
ÃÏÓᾀȟὼ

ᾀ ᾀ

ὒ

ὑ Ὑ Ὧ Ὑ

Global 
Coordinate

Local 
Coordinate

Ὑ
Global 

Coordinate

Local 
Coordinate

Ὑ
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The subscripts P and F refer respectively to the prescribed and free degrees of freedom

If ‏ π

!ÐÐÌÙ "Ȣ#ȭÓ ÁÎÄ 3ÏÌÖÅ ÆÒÅÅ  .ÏÄÁÌ $ÉÓÐÌÁÃÅÍÅÎÔ
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Calculation of the Element Resultants

-%-"%23ȭ &/2#%3

Once all the displacements are known, the member forces can be easily obtained

Element 
Displacement 

in Global 
Coordinate

Element 
Displacement 

in Local 
Coordinate

Member 
Force

ὼ ὼ

ὒ

ώ ώ

ὒ

ᾀ ᾀ

ὒ
π π π

π π π
ὼ ὼ

ὒ

ώ ώ

ὒ

ᾀ ᾀ

ὒ
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Problem Description
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All input and output data must be specified in consistent units

77

Problem 4: 2D Frames 


