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1 Finite Element 

Method 
1. A finite element method (abbreviated as FEM) is a numerical 

technique to obtain an approximate solution to a class of problems 

governed by elliptic partial differential equations. 

2. The finite element method is a numerical technique. In this method all 

the complexities of the problems, like varying shape, boundary 

conditions and loads are maintained as they are but solutions obtained are 

approximate.  

2 FEM Packages NASTRAN, ANSYS, and ABAQUS , LS-DYNA, DEFORM etc. 

3 Stress 

 

   

 

When a material is subjected to an external force, a resisting force 

is set up within the component. The internal resistance force per 

unit area acting on a material or intensity of the forces distributed 

over a given section is called the stress at a point. 

4 Strain 

 

When a single force or a system force acts on a body, it undergoes 

some deformation. This deformation per unit length is known as 

strain. Mathematically strain may be defined as deformation per 

unit length. 

 

5 Tensile stress  

 

If σ > 0 the stress is tensile. i.e. The fibres of the component tend 

to elongate due to the external force. A member subjected to an 

external force tensile P and tensile stress distribution due to the 

force.  

 

6 Compressive 

stress  

 

If σ < 0 the stress is compressive. i.e. The fibres of the component 

tend to shorten due to the external force. A member subjected to an 

external compressive force P and compressive stress distribution 

due to the force. 

 

7 Shear stress 

 

When forces are transmitted from one part of a body to other, the 

stresses developed in a plane parallel to the applied force are the 

shear stress. Shear stress acts parallel to plane of interest.  

 

8 Shear Strain 

 

The distortion produced by shear stress on an element or 

rectangular block is shown in the figure. The shear strain or ‘slide’ 

is expressed by angle ϕ and it can be defined as the change in the 

right angle. It is measured in radians and is dimensionless in 

nature. 

 

9 Poisson’s Ratio 

 

The ratio lateral strain to longitudinal strain produced by a single 

stress is known as Poisson’s ratio. Symbol used for poisson’s ratio 

is 1/ m. 

10 Lateral Strain 
Lateral strain, also known as transverse strain, is defined as the 

ratio of the change in diameter of a circular bar of a material due to 

deformation in the longitudinal direction.  



11 Elasticity This is the property of a material to regain its original shape after 

deformation when the external forces are removed.  

 

12  Plasticity When the stress in the material exceeds the elastic limit, the 

material enters into plastic phase where the strain can no longer be 

completely removed. Under plastic conditions materials ideally 

deform without any increase in stress. 

13 Modulus of 

Rigidity(G) 

 

For elastic materials it is found that shear stress is proportional to 

the shear strain within elastic limit. The ratio is called modulus 

rigidity. It is denoted by the symbol ‘G’ or ‘C’.  

 

14 Bulk modulus 

(K) 

It is defined as the ratio of uniform stress intensity to the 

volumetric strain. It is denoted by the symbol K. 

 

15 Body force It is defined as distribution force per unit volume 

16 Traction force  It is defined as force per unit area 

17 Stress And 

Equilibrium 

Equations 
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18 Strain –

Displacement 

Relations 
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Stress – Strain 

Relations 
∈𝒙 = 

𝝈𝒙

𝑬
 -𝜈

𝝈𝒚

𝑬
 - 𝜈

𝝈𝒛

𝑬
 , ∈𝒚 = - 𝜈 

𝝈𝒙

𝑬
 +

𝝈𝒚

𝑬
 - 𝜈

𝝈𝒛

𝑬
 , ∈𝒛 = v 

𝝈𝒙

𝑬
 -𝜈

𝝈𝒚

𝑬
 +

𝝈𝒛

𝑬
 

20 Plane Stress 

Conditions 

Plane stress is defined to be a state of stress in which the normal 

stress and the shear stresses directed Perpendicular to the plane are 

assumed to be zero. 

That is, the normal stress 𝜎𝑧and the shear stresses 𝜏𝑥𝑧 and 𝜏𝑦𝑧   

are assumed to be zero.  

21 Plane Strain 

Conditions 

Plane strain is defined to be a state of strain in which the strain 

normal to the x-y plane ϵzand the shear strains γxzand γyzare 

assumed to be zero. 

22 Variational 

Methods 

In variational technique, the calculus of variation is used to obtain 

the integral form corresponding to the given differential equation. 

This integral needs to be minimized to obtain the solution of the 

problem. For structural mechanics problems, the integral form 

turns out to be the expression for the total potential energy of the 

structure. 



23 Weighted 

Residual 

Methods 

In weighted residual technique, the integral form is constructed as 

a weighted integral of the governing differential equation where 

the weight functions are known and arbitrary except that they 

satisfy certain boundary conditions. To reduce the continuity 

requirement of the solution, this integral form is often modified 

using the divergence theorem. This integral form is set to zero to 

obtain the solution of the problem. For structural mechanics 

problems, if the weight function is considered as the virtual 

displacement, then the integral form becomes the expression of the 

virtual work of the structure. 

24 Total Potential 

Energy The total potential energy of an elastic body , is defined as the sum 

of total strain energy (U) and the work potential (WP) . 

Π = U + WP 

25 Principle Of 

Minimum 

Potential Energy 

For conservative systems, of all the kinematically admissible 

displacement fields, those corresponding to equilibrium extremize 

the total potential energy. If the extremum condition is a minimum, 

the equilibrium state is stable. 

26 

 
Discretization of 

Domain 

The process of Dividing the domain into discrete elements is called 

discretization 

27 Interpolation 

functions  

, The shape function or interpolate function is the function which 

interpolates the solution between the discrete values obtained at the 

mesh nodes 2,n Fig10.14 is t 

28 Convergence 

Requirements 1.Completeness 2.compatibility  

29 Boundary 

conditions 

The values of variables prescribed on the boundaries of the region 

are called as boundary conditions. 

30 Geometric 

(Essential or 

Dirichlet) 

Boundary 

conditions 

which are imposed on the primary variable like displacements 

31 Force (Natural) 

Boundary 

conditions 

Natural or force boundary conditions which are imposed on the 

secondary variable like forces and tractions. 

32 Stiffness Matrix stiffness matrix contains the geometric and material behaviour 

information that indicates the resistance of the element to 

deformation when subjected to loading. 

33 Global 

coordinate 

system  

The coordinate system used to define the points in the entire 

Structure is called “Global coordinates system.” Generally   

Cartesian coordinates system is used as “Global coordinates 

system.” 

 



34 Local coordinate 

system  

For the convenience of deriving element properties For each 

element a separate coordinate system is used, called “Local 

coordinate system.” 

35 Constant Strain 

Triangle 

 If the field variables such as strains and heat flux will be linear 

and constant throughout   an element   then it is called “Constant 

Strain Triangle.” 

 

36 Higher order 

element 

if the interpolation polynomial is of order two or more, the element 

is known as a higher order element. 

37 Isoparametric 

Element 

In an element, if the number of nodes used for defining the 

Geometry is same as the number of nodes used for defining the 

displacement, then it is called “Isoparametric Element.” 

38 Superparametric 

Element 

In an element, if the number of nodes used for defining the 

Geometry is more as the number of nodes used for defining the 

displacement, then it is called “Superparametric Element.”  

39 Lumped mass 

matrix 
 

Total mass of the element is assumed equally distributed at all the 

nodes of the element in each of the translational degrees of 

freedom. Lumped mass is not used for rotational degrees of 

freedom. Off-diagonal elements of this matrix are all zero. 

40 Consistent mass 

matrix 

1.The mass of each element is equally distributed at all the nodes 

of that Element 

2. Mass, being a scalar quantity, has same effect along the three 

translational degrees of freedom (u, v and w) and is not shared 

3. Mass, being a scalar quantity, is not influenced by the local or 

global coordinate system. Hence, no transformation matrix is used 

for converting mass matrix from element (or local) coordinate 

system to structural (or global) coordinate system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



































































































































































































































































































































































































































































































































































































































                                                   FEM UNIT I                           Prepared by CH.SEKHAR 
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5. What are the Advantages and Disadvantages of FEM ? 

Advantages of the finite element method: 

1. The method can be used for any irregular-shaped domain and all types of boundary 

conditions.  

2. Domains consisting of more than one material can be easily analyzed.  

3. Accuracy of the solution can be improved either by proper refinement of the mesh or by 

choosing approximation of higher degree polynomials.  

4. The algebraic equations can be easily generated and solved on a computer. In fact, a 

general purpose code can be developed for the analysis of a large class of problems.  

5. This method can take care of any complex loading 

Disadvantages of the finite element method: 

 

1. The accuracy of results highly depends upon the degree of discretization (or meshing). 

2. Manual judgement is essential in discretization process. 

3. Finite element analysis requires large computer memory and time, and hence cost involved 

is high. 

4. The method is complicated, and hence not viable for simple problems. 

5. Mathematical background on the users part is required. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



UNIT II 

1. Explain the steps in FEM. 

 

Step (i): Discretization of the structure 

The first step in the finite element method is to divide the structure or solution region into 

subdivisions or elements. Hence, the structure is to be modeled with suitable finite elements. The 

number, type, size, and arrangement of the elements are to be decided. 

Step (ii): Selection of a proper interpolation or displacement model 

Since the displacement solution of a complex structure under any specified load conditions cannot 

be predicted exactly, we assume some suitable solution within an element to approximate the 

unknown solution. The assumed 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 a polynomial. 

Step (iii): Derivation of element stiffness matrices and load vectors 

From the assumed displacement model, the stiffness matrix [Ke] and the load vector Fe of element 

e are to be derived by using either equilibrium conditions or a suitable variational principle. 

Step (iv): Assemblage of element equations to obtain the overall equilibrium equations 

Since the structure is composed of several finite elements, the individual element stiffness matrices 

and load vectors are to be assembled in a suitable manner and the overall equilibrium equations 

have to be formulated as 

[K][Q] = F 

where [K] is the assembled stiffness matrix, [Q] is the vector of nodal displacements, and F is the 

vector of nodal forces for the complete structure. 

Step (v): Solution for the unknown nodal displacements 

The overall equilibrium equations have to be modified to account for the boundary conditions of 

the problem. After the incorporation of the boundary conditions, the equilibrium equations can be 

expressed as 

[K][Q] = F 

For linear problems, the vector [Q] can be solved very easily. However, for nonlinear problems, 

the solution has to be obtained in a sequence of steps, with each step involving the modification 

of the stiffness matrix [K] and/or the load vector F. 

Step (vi): Computation of element strains and stresses 

From the known nodal displacements [Q], if required, the element strains and stresses can be 

computed by using the necessary equations of solid or structural mechanics. 

 

2. Consider the bar shown in Fig.  An axial load P =300 x 103 N is applied as shown. Using the 

elimination approach for handling boundary conditions, do the following:  

(a) Determine the nodal displacements  

(b) Determine the stress in each element.  

(c) Determine the reaction forces 

 

 

 



To solve the system again the seven steps of FEM has to be followed, first 2 steps contain 
modeling and discretization. This result in 

 

 

Similarly  

 

 

 

 

 

 Next step is assembly which gives global stiffness matrix 

 
 
 
 
 
 
 
 
 
 
 
 
 

Now determine global load vector 
 
 
 
 
 
 
 



We have the equilibrium condition KQ=F 
 

 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 

After applying elimination method we have Q2 = 0.26mm 

a) Nodal displacements = [0, 0.26, 0]T mm 
 

Once displacements are known stress components are calculated as follows 

b) Stress in each element: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

c) Supports Reaction: 

  

R1= K11Q1+K12Q2+……………+K1NQN-F1 

  

R1 = 105 [3.15  -3.15  0] [
0

0.26

0
] = -0.819X105 N 

 

                                                       R3= 105 [0  -8  8] [
0

0.26

0
] = -2.08 X105 N 

 

 

 



3. Consider the bar shown in Fig.  Using the elimination approach for handling boundary 

conditions. Determine the nodal displacements.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Solution: 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 



 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Global load vector: 

 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

  

After applying elimination method and solving matrices we have the value of 
displacements as Q2 = 0.23 X 10-3mm & Q3 = 2.5X10-4mm 
 



4. Consider the bar shown in Fig.  An axial load P =100 x 103 N is applied as shown. Using the 

penalty approach for handling boundary conditions, do the following:  

(a) Determine the nodal displacements  

(b) Determine the reaction forces 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Solution: 

 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 



Global stiffness matrix 

 

 
Global load vector: 

 
 

 
 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 Solving the matrix we have 
 

 

 

 

 

 

 

 

 
 

 



5.An axial load P 300 KN is applied at 200C to the rod as shown m Fig.The temperature is then 

raised to 600C.  

(a) Assemble the K and F matrices.  

(b) Determine the nodal displacements and element stresses 

 

Solution: 

 
 

 

 



Global stiffness matrix:  

 

 
Thermal load vector:  
We have the expression of thermal load vector given by 

 
 

Similarly calculate thermal load distribution for second element 

 
Global load vector: 

 

 



From the equation KQ=F we have 

 

 

 

 

 

 

 

 
After applying elimination method and solving the matrix we have Q2= 0.22mm 

 

Stress in each element: 

 

 

 

 

 

6. Define discretization of domain and what are the steps in discretization procedure? 

The process of dividing the domain into discrete elements is called discretization. 

     DISCRETIZATION PROCEDURES: 

1. Type of Elements 

2. Size of Elements 

3. Location of Nodes 

4. Number of Elements 

5. Simplifications Afforded by the Physical Configuration of the Body 

6. Finite Representation of Infinite Bodies 

 

 

 

 

 



UNIT III 

1. What are the assumptions of Trusses?  

The following are the assumptions of Truss element 

   1. Truss element is only a prismatic member ie cross sectional area is uniform along its length. 

   2. It should be an isotropic material. 

   3. Constant load that is load is independent of time. 

   4. Homogenous material. 

   5. A load on a truss can only be applied at the joints (nodes). 

   6. Due to the load applied each bar of a truss is either induced with tensile/compressive forces. 

   7. The joints in a truss are assumed to be frictionless pin joints. 

   8. Self-weight of the bars are neglected. 

2. Derive Transformation matrix (L) and element stiffness matrix for truss element and also     

   Stress in each element. 

Derivation of Transformation matrix (L): 

Consider one truss element as shown that has nodes 1 and 2 .The coordinate system that passes 

along the element (x1 axis) is called local coordinate and X-Y system is called as global coordinate 

system. After the loads applied let the element 

takes new position say locally node 1 has 

displaced by an amount 𝑞1
1  and node2 has 

moved by an amount equal to 𝑞2
1.As each 

node has 2 dof in global coordinate system. 

Let node 1 has displacements 𝑞1 and 𝑞2 along 

x and y axis respectively similarly 𝑞3and 𝑞4at 

node 2. 

Resolving the components 𝑞1,𝑞2, 𝑞3  and 𝑞4  

along the bar we get two equations as 

𝑞1
1   = 𝑞1 cos 𝜃 +  𝑞2 sin 𝜃 

𝑞2
1   = 𝑞3 cos 𝜃 +  𝑞4 sin 𝜃 

0r 

𝑞1
1   = 𝑞1𝑙 +  𝑞2𝑚 

𝑞2
1   = 𝑞3𝑙 +  𝑞4𝑚 

Writing the same equation into the matrix form 



[
𝑞

1
1 

𝑞
2
1 
] =[ 𝑙 𝑚 0 0

0 0 𝑙 𝑚
] [

𝑞
1

𝑞
2

𝑞
3

𝑞
4

] 

The above equation similar to 𝑞1 = Lq  

Where L is called transformation matrix that is used for local –global correspondence.  
l,m are called direction cosines 

How to calculate direction cosines 

Consider a element that has node 1 and node 2 

inclined by an angle  𝜃 as shown .let (x1, y1) be 

the coordinate of node 1 and (x2,y2) be the 

coordinates at node 2. When orientation of an 

element is know we use this angle to calculate l 

and m as: 

    𝑙 = cos𝜃   m = cos (90 - 𝜃) = sin𝜃 

and by using nodal coordinates we can calculate using the relation 

𝑙 = 
𝑋2−𝑋1

𝑙𝑒
         𝑚 = 

𝑌2−𝑌1

𝑙𝑒
 

We can calculate length of the element as 

𝑙𝑒 =√(𝑋2 − 𝑋1)2 + (𝑌2 − 𝑌1)2 

 

Derivation of element stiffness matrix for truss element 

Strain energy for a bar element we have U = ½ 𝑞𝑇K𝑞 

For a truss element we can write U = ½ 𝑞1𝑇K𝑞1 

Where 𝑞1= L q and 𝑞1𝑇= 𝐿𝑇𝑞𝑇 

Therefore 

U = ½ 𝑞1𝑇K𝑞1 

    = ½𝐿𝑇𝑞𝑇K L q 

    = ½𝑞𝑇(𝐿𝑇𝐾𝐿)q 

    = ½𝑞𝑇𝐾𝑒q 

Where 𝐾𝑒 is the stiffness matrix of truss element 

𝐾𝑒 = 𝐿𝑇𝐾𝐿 

L = [
𝑙 𝑚 0 0
0 0 𝑙 𝑚

]    𝐿𝑇 = [

𝑙 0
𝑚 0
0 𝑙
0 𝑚

]    K = 
𝐸𝐴

𝑙𝑒
 [

1 −1
−1 1

] 



Taking the product of all these matrix we have stiffness matrix for truss element which is given 

as 

𝐾𝑒 = [

𝑙 0
𝑚 0
0 𝑙
0 𝑚

] 
𝐸𝐴

𝑙𝑒
 [

1 −1
−1 1

] [ 𝑙 𝑚 0 0
0 0 𝑙 𝑚

]    =  
𝐸𝐴

𝑙𝑒
[

𝑙2 𝑙𝑚 −𝑙2 −𝑙𝑚
𝑙𝑚 𝑚2 −𝑙𝑚 −𝑚2

−𝑙2 −𝑙𝑚 𝑙2 𝑙𝑚
−𝑙𝑚 −𝑚2 𝑙𝑚 𝑚2

] 

Stress component for truss element 

The stress 𝜎 in a truss element is given by 𝜎= 𝜖E But strain 𝜖= B ql and ql = T q 

Where B = 
1

𝐿
[−1 1] 

Therefore 

𝜎 = 
𝐸

𝐿𝑒
[−𝑙 −𝑚 𝑙 𝑚] [

𝑞1

𝑞2

𝑞3

𝑞4

] 

3. For the two-bar truss shown in figure, determine the displacements. Stress in each element and 

support reactions. Take E=2x105 N/mm2. 

 

Solution: For given structure if node 

numbering is not given we have to number them 

which depend on user. Each node has 2 dof say 

𝑞1  𝑞2  be the displacement at node 1, 𝑞3   & 𝑞4   

be displacement at node 2, 𝑞5   &𝑞6   at node 3.  

Nodal coordinate table 

Node  x y 

1 0 0 

2 750 500 

3 0 500 

 Element connectivity table 

element Node 1 Node 2 

 

 1 2 

 2 3 

  

Directional cosine table 

element 𝒍𝒆 𝒍 𝒎 
 901.3 0.832 0.554 

 750 -1 0 

1 

2 

1

1

1

1

1

1 

1 

1

1

1

1

1

1 

2 

1

1

1

1

1

1 

1

1

1

1

2 



 

𝐾𝑒 =  
𝐸𝐴

𝑙𝑒
[

𝑙2 𝑙𝑚 −𝑙2 −𝑙𝑚
𝑙𝑚 𝑚2 −𝑙𝑚 −𝑚2

−𝑙2 −𝑙𝑚 𝑙2 𝑙𝑚
−𝑙𝑚 −𝑚2 𝑙𝑚 𝑚2

]     

 

𝐾1 =             𝐾2 =   

 

Element 1 has displacements 𝑞1,𝑞2, 𝑞3,𝑞4. Hence numbering scheme for the first stiffness matrix 

(𝐾1) as 1 2 3 4 similarly for 𝐾2 3 4 5 & 6 as shown above. 

Global stiffness matrix: the structure has 3 nodes at each node 3 dof hence size of global stiffness 

matrix will be 3 X 2 = 6 ie 6 X 6 

 

Global force vector F =  

[
 
 
 
 
 

0
0
0

−50𝑋103

0
0 ]

 
 
 
 
 

 

Equilibrium equation KQ = F 

105

[
 
 
 
 
 

1.84 1.22 −1.84 −1.22 0 0
1.22 0.816 −1.22 −0.816 0 0

−1.84 −1.22 4.5 1.22 −2.66 0
−1.22 −0.816 1.22 0.816 0 0

0 0 −2.66 0 2.66 0
0 0 0 0 0 0]

 
 
 
 
 

[
 
 
 
 
 
𝑞1 
𝑞2 
𝑞3 
𝑞4 
𝑞5 
𝑞6 ]

 
 
 
 
 

 =  

[
 
 
 
 
 

0
0
0

−50𝑋103

0
0 ]

 
 
 
 
 

 

Since node 1 is fixed 𝑞1=𝑞2=0 and also at node 3 𝑞5 = 𝑞6= 0 .At node 2 𝑞3& 𝑞4 are free hence has 

displacements. In the load vector applied force is at node 2 ie 𝐹4 = 50KN rest other forces zero. 

By using elimination method, we can eliminate 1st row & column, 2nd row & column, 5th row & 

column and 6th row & column in equilibrium equation 

The matrix reduced to 2X2 matrix 

105 [
4.5 1.22
1.22 0.816

] [
𝑞3

𝑞4
] = [

0
−50𝑋103] 



Solving above equation we get 𝑞3 = 0.28mm, 𝑞4 = -1.03mm 

STRESS IN THE ELEMENT:  

𝜎 = 
𝐸

𝐿𝑒
[−𝑙 −𝑚 𝑙 𝑚] [

𝑞1

𝑞2

𝑞3

𝑞4

] 

Stress in the 1st element 

𝜎1 = 
𝐸

𝐿𝑒
[−𝑙 −𝑚 𝑙 𝑚] [

𝑞1

𝑞2

𝑞3

𝑞4

] 

𝜎1 = 
2𝑋105

901.3
[−0.832 −0.554 0.832 0.554] [

0
0

0.28
−1.03

] = -74.92 N/mm2 

𝜎2 = 
2𝑋105

750
[1 0 −1 0] [

0.28
−1.03

0
0

] = -74.66 N/mm2 

Support reactions: 

 

R1 = 105[1.84 1.22 −1.84 −1.22 0 0]

[
 
 
 
 
 

0 
0

0.28 
−1.03 

0
0 ]

 
 
 
 
 

  - [0] = 74.14 KN 

R2 = 105[1.22 0.816 −1.22 −0.816 0 0]

[
 
 
 
 
 

0 
0

0.28 
−1.03 

0
0 ]

 
 
 
 
 

   -  [0] = 49.88 KN 

 

 

R5 =105 [0 0 −2.66 0 2.66 0]

[
 
 
 
 
 

0 
0

0.28 
−1.03 

0
0 ]

 
 
 
 
 

 -  [0] = -74.48 KN 

 



R6 = 105[0 0 0 0 0 0]

[
 
 
 
 
 

0 
0

0.28 
−1.03 

0
0 ]

 
 
 
 
 

 - [0 ] = 0 

 

4. Derive Hermite shape functions for beam element. 

 

1D linear beam element has two end nodes and at each node 2 dof which are 
denoted as Q2i-1 and Q2i at node i. Here Q 2i-1 represents transverse deflection where as Q2i 
is slope or rotation. Consider a beam element has node 1 and 2 having dof as shown. 

                                

The shape functions of beam element are called as Hermite shape functions as they contain 

both nodal value and nodal slope which is satisfied by taking polynomial of cubic order 

 

That must satisfy the following conditions 

 

Applying these conditions determine values of constants as 

 

           



 

Solving above 4 equations we have the values of constants 

             

Therefore 

 

Similarly we can derive 

                                
Following graph shows the variations of Hermite shape functions 

 

 

 

 



5. For the beam and loading shown in Fig., determine (1) the slopes at 2 and 3 and (2) the vertical 

deflection at the midpoint of the distributed load. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Solution:  

Let’s model the given system as 2 elements 3 nodes finite element 
model each node having 2 dof. For each element determine stiffness 
matrix.  

 
 
 
 
 
 
 
 
 
 
 
 

 

Global stiffness matrix  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



Load vector because of UDL  

Element 1 do not contain any UDL hence all the force term for 
element 1 will be zero.  

ie  
 
 
 
 
 
 
 

 

For element 2 that has UDL its equivalent load and moment are 
represented as  

 
 
 
 
 
 
 

 

ie  
 
 
 
 
 
 
 
 
 
 
 
 

 

Global load vector:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



From KQ=F we write  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

At node 1 since its fixed both 
q1=q2=0 node 2 because of roller 
q3=0 node 3 again roller ie q5= 0  

By elimination method the matrix reduces to 2 X 2 solving this we 

have Q4= -2.679 X 10-4mm and Q6 = 4.464 X10-4mm 
 

To determine the deflection at the middle of element 2 we can write the 
displacement function as 

 
 
 
 

 

= -0.089mm  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



UNIT IV 
1. Derive the expression for strain displacement matrix and stiffness matrix for a constant strain 

triangular element. 

 

A: Let us consider a CST as shown in figure  

   

 
 

 

 



 

 

 

 



 

 

 

 



 

 



 

 



 

 

2. Evaluate the shape functions N1, N2 and N3 at the interior point P for the triangular element 

shown in Fig. 

 

 

 



 

 
 

3. Find the strain-nodal displacement matrix B' for the elements shown in Fig.. Use local 

numbers given at the corners. 

                                                        

 



4. A two-dimensional plate is shown in the Fig. Determine the equivalent point loads at nodes 7,8, 

and 9 for the linearly distributed pressure load acting on the edge 7-8-9. 

 

 

 

 



5. A CST element is shown in Fig. The element is subjected to a body force 𝑓𝑥= x2 N/m3. 

Determine the nodal force vector𝑓𝑒 . Take element thickness = 1 m. 

 

 
6. For the two-dimensional loaded plate shown in FIg, determine the displacements of  nodes 1 

and 2 and the element stresses using plane stress conditions. Body force may be neglected in 

comparison with the external forces. 

 
 



 

 

 
 



 
7. 

 

 
 

 



 

 

 
 

 

 



 

 

 
 

 



 

 

 

          
 

 

 

 



 

    

 
 

 

 

 



 

 

 

        
 

 

 



 

 
 

 

 

 

 

 

 

 



 
 

 
 

 

 

 

 



 

 
 

 

 
 

 

 

 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



UNIT V 

1. Explain the sub-parametric, iso-parametric and super-parametric element. 

ISOPARAMETRIC ELEMENT  

Generally it is very difficult to represent the curved boundaries by straight edge elements. A large 

number of elements may be used to obtain reasonable resemblance between original body and the 

assemblage. In order to overcome this drawback, isoparametric elements are used. 

If the number of nodes used for defining the geometry is same as number of nodes used defining 

the displacements, then it is known as isoparametric element. 

 
SUPERPARAMETRIC ELEMENT 

If the number of nodes used for defining the geometry is more than number of nodes used for 

defining the displacements, then it is known as superparametric element. 

 
 



SUBPARAMETRIC ELEMENT 

 If the number of nodes used for defining the geometry is less than number of nodes used for 

defining the displacements, then it is known as subparametric element. 

 
2.  

 

 

Solution: 

 

 



  

3.  

 

 

 

 

 

 

 

           

 

4.  

 

 

 



UNIT VI 

1.explain Consistent mass matrix and Lumped mass matrix. 

CONSISTENT MASS MATRIX 

1. The mass of each element is equally distributed at all the nodes of that Element. 

2. Mass, being a scalar quantity, has same effect along the three translational degrees of freedom 

(u, v and w) and is not shared 

3. Mass, being a scalar quantity, is not influenced by the local or global coordinate system. Hence, 

no transformation matrix is used for converting mass matrix from element (or local) coordinate 

system to structural (or global) coordinate system. 

LUMPED MASS MATRIX 

Total mass of the element is assumed equally distributed at all the nodes of the element in each 

of the translational degrees of freedom. Lumped mass is not used for rotational degrees of 

freedom. Off-diagonal elements of this matrix are all zero. 

2.  

 

 

 

 

 

 

 

 

 



 

3. 

 

 

 

 

 

 

 

 



4.  

 

 

 

 

 

 

 

 

 

 

 



 


