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Linear and non Linear statics analysis 
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Non Linear analysis 
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Type of Element 
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Stiffness matrix for Bar Problem

T

1)Direct Approach 
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Forces at nodal point
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Rayleigh –Ritz (Variation) Method

The principle of Minimum Potential Energy:
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WP= F*u

PE = SE +WP
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The principle of Minimum Potential Energy:

For conservative structural systems, of all the kinematically admissible

deformations, those corresponding to the equilibrium state extremize (i.e.,

minimize or maximize) the total potential energy. If the extremum is a

minimum, the equilibrium state is stable.
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Stiffness matrix of Beam element 

1)Direct Approach 

• A beam is a long, slender structural member generally subjected to transverse 
loading that produces significant bending effects

• Hence, the degrees of freedom considered per node are a transverse displacement 
and a rotation 

• The beam is of length L with
• axial local coordinate x and transverse local coordinate y.
• The local transverse nodal displacements are given by d,  and the rotations by  
• The local nodal forces are given by fiy’s and the bending moments by mi’s as shown.
• V is shear force 
• initially neglect all  axial effects 
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Using Euler-Bernouli Beam Theory

is the transverse  displacement function in the y direction 
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Selection of displacement Function

Using the boundary conditions 

Displacement function in terms of d, 

and 
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To, derive the element stiffness matrix and equations using a direct equilibrium approach. Now 

relate the nodal and beam theory sign conventions for shear forces and bending moments. 

In matrix form,
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1
W1

Φ1

2
W2

Φ2

3
W3

Φ3

21
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K1 =

w1            Φ1            w2            Φ2 

w1            

Φ1            

w2            

Φ2

K2 =

w12          Φ2 w3            Φ3

w2            

Φ2            

w3            

Φ3
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w1            Φ1            w2                    Φ2                      w3         Φ3
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w2            

Φ2

w3

Φ3
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w1            Φ1            w2                    Φ2                      w3         Φ3

w1            

Φ1          

w2            

Φ2

w3

Φ3

=
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w1            Φ1            w2                    Φ2                      w3         Φ3

w1            

Φ1          

w2            

Φ2

w3

Φ3

=

Boundary conditions at fixed support  w1 =w3= Φ1= Φ3  =0 
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Stiffness matrix of Truss element 
v

vv

u

uu

Figure shows the two dimensional plane truss. Such trusses are analysed by method of join. In FEA trusses are 
assumed 1D bar element
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Local coordinate system

Global coordinate system

Eq.1
Local stiffness matrix of bar element  =
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Using the relationship between local and global coordinate system

The global displacement vector is 

Transformation matrix=
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By putting global displacement matrix in equation 1

By putting global force matrix in above equation 
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Stiffness matrix 
of truss 
element 



Mr. S. D. Patil, Automobile Department, Government College of Engineering and Research Avasari 28

Problem:

Solution:

Element 1 Element 2
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To find the stiffness matrix of each element 

For element 1

Where [k] is,
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For element 2

Global stiffness matrix,
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By using elimination approach ,
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For force calculation,
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Problem:

Solution:
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To find the stiffness matrix of each element 

For element 1

Where [k] is,
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For element 2

For element 3

=
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Assignment 2
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Problem No. 1 :   Analysis the  following system and   compare answers with  FEA software 
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Problem No. 2 :   Analysis the  following system.  Compare answers with  FEA software.

In FEA analysis following problem by taking 1D element and  by 3Dmodelling the  system 
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Problem No. 3 :   Analysis the  following system.  Compare answers with  FEA software.

In FEA analysis following problem by taking 1D element and  by 3Dmodelling the  system 
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