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IV B.Tech I Semester Regular/Supplementary Examinations, October/November - 2017 

FINITE ELEMENT METHODS 
(Common to Aeronautical Engineering, Automobile Engineering and Mechanical 

Engineering) 
Time: 3 hours           Max. Marks: 70 

Question paper consists of Part-A and Part-B 

Answer ALL sub questions from Part-A 

Answer any THREE questions from Part-B 

***** 

  PART–A (22 Marks)  

1. a) What are the basic approaches to improve a finite element model? [3] 

 b) Why are polynomial types of interpolation function preferred over trigonometric 

function? [4] 

 c) Write down the expressions for the element stiffness matrix and force vector of a 

beam element. [4] 

 d) What are the conditions for the problem to be Axisymmetric? [4] 

 e) Write down the stiffness matrix equation for four noded iso-parametric 

quadrilateral elements.  [3] 

 f) Determine the element mass matrix for one-dimensional dynamic structural 

analysis problems. Assume the two-node, linear element. [4] 

    

  PART–B (3x16 = 48 Marks)  

2. a) Consider a bar as shown in figure. 2 (a).,Young’s Modulus E = 2 x 10
5
N/mm

2
. A1 

= 2cm
2
, A2 = 1cm

2
 and force of 100N is applied. Determine the nodal 

displacement. 

 
Figure. 2 (a) [8] 

 b) Solve   the   differential   equation   for   a   physical   problem   expressed   as 

d
2
y/dx

2
  + 50 = 0,  0≤x≤10 where boundary conditions as y (0)  = 0 and y (10)  = 0 

using the trial function y = a1x (10-x) find the value of the parameters a1 by the 

following  methods. (i) Least squares method and (ii) Galerkin method. [8] 

    

3. a) What is meant by discretization of a structure? Discuss the various aspects to be 

considered while dicretizing a structure for finite element analysis.    [8] 

 b) Explain different approaches of getting the finite element equations and Explain 

the natural and geometric boundary conditions.  [8] 
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4. a) Calculate nodal displacement and elemental stresses for the truss shown in figure. 

4 (a) E=70GPa and cross-sectional area A=2cm
2
 for all truss members. 

 
Figure 4 (a) [8] 

 b) Determine the displacement and slopes at the nodes for the beam shown in figure. 

4(b) Take k=200KN/m, E=70GPa. and I=2X10
-4

 m
4
. 

 
 

Figure. 4(b) [8] 

    

5. a) Determine the stiffness matrix for the axisymmetric element shown in figure. 5(a) 

take E = 2.1 x 10
6
 N/mm

2
 and Poisson’s ratio as 0.3 . All dimensions are in mm 

only. 

 
Figure. 5(a) [8] 

 b) Derive strain displacement [B] matrix for a 3 noded Triangular element?  [8] 
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6. a) Explain in detail the applications of iso-parametric elements in two and three 

dimensional stress analysis.  [8] 

 b) Use Gaussian quadrature rule (n=2) to numerically integrate.  

 [8] 

    

7. a) Derive a finite element equation for one dimensional heat conduction with free 

end convection.  [8] 

 b) Determine the Eigen values and Eigen vectors for the stepped bar as shown in 

figure. 7(b),             , Specific weight = 0.24 lb/in
3
 

 
Figure. 7(b) [8] 
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  PART–A (22 Marks)  

1. a) Mention the basic steps of Rayleigh-Ritz method. [3] 

 b) What are shape functions and what are their properties?  [4] 

 c) Sketch a typical truss element showing local, global transformation [4] 

 d) State the conditions to be satisfied in order to use axisymmetric elements.  [4] 

 e) Define Isoparametric elements with suitable examples [3] 

 f) Write down the governing differential equation for the steady state one 

dimensional conduction heat transfer. [4] 

    

  PART–B (3x16 = 48 Marks)  

2. a) Discuss the following methods to solve the given differential equation: 

                                              EI 
   

   
 M(x)=0 

With the boundary condition y(0) = 0 and y (x) = 0 (i) Subdomain method (ii) 

Weighted residual method [8] 

 b) Determine the expression for deflection and bending moment in a simply 

supported beam subjected to uniformly distributed load over entire span. Find the 

deflection and moment at mid span and compare with exact solution by 

Rayleigh-Ritz.  Use  y=a1           + a2            [8] 

    

3. a) Explain in detail about the requirement of convergence in Finite Element 

Methods. [8] 

 b) Derive stiffness matrix for one dimensional bar element. [8] 

    

4. a) For the two-bar Truss shown in figure. 4 (a), determine: ( i) Nodal displacements 

(ii). Element stresses (iii). Reaction forces 

 
Figure. 4 (a) 

Take E=200Gpa, A=200mm
2
 [8] 

 b) For two nodded beam element, determine Hermite functions and plot them. Also 

obtain element stiffness matrix. [8] 
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5. a) Derive element force vector when linearly varying pressure acts on the side 

joining nodes j, k of triangular element shown in figure. 5 (a) and body force of 

25N/mm
2
 acts downwards. Thickness = 5mm. All dimensions are in mm. 

 
Figure. 5 (a) 

 [8] 

 b) The nodal coordinates for an axisymmetrical element are given below. Evaluate 

[B] matrix for the element. The coordinates are in centimeters. 

Ri = 10.0 Rj = 14.0 Rk =14.0  

Zi = 2.0 Zj = 2.0 Zk = 4.0  

A body force of 20 N/cm
3
 acts on the above element in the negative R direction. 

Evaluate body force vector.  [8] 

    

6. a) Evaluate the integral using one point and two point Gaussian quadrature 

 [8] 

 b) Derive shape function for a 4-noded quadrilateral Element using Lagrange’s 

methods.  [8] 

    

7. a) Formulate the mass matrix for two-dimensional rectangular element depicted in 

figure. 7 (a). The element has uniform thickness 5mm and density ρ = 7.83 x 10
-6

 

kg/mm
3
.All dimensions are in mm. 

 
Figure. 7(a) [8] 

 b) A wall of 0.6m thickness having thermal conductivity of 1.2 W/mK. The wall is 

to be insulated with a material of thickness 0.06 m having an average thermal 

conductivity of 0.3 W/mK. The inner surface temperature is 1000 and outside of  

the insulated is exposed to atmospheric air at 30
0
C with heat transfer coefficient 

of 35 W/m
2
K. Calculate the nodal temperatures. [8] 
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  PART–A (22 Marks)  

1. a) Write the potential energy for beam of span L simply supported at both ends, 

subjected to a concentrated load P at mid span. Assume EI as constant [4] 

 b) Why polynomial terms preferred for shape functions in finite element method? [3] 

 c) Explain the Hermit Shape Functions. [4] 

 d) How is a quadratic triangular element different from linear triangular element?  [4] 

 e) Using two point Gaussian quadrature formula solve          
 

  
 [4] 

 f) What are the advantages of lumped matrix over consistent matrix?  [3] 

    

  PART–B (3x16 = 48 Marks)  

2. a) Derive stresses and strains relations and Derive equivalent nodal force vectors.  [8] 

 b) Explain Rayleigh Ritz and Galerkin formulation with example. [8] 

    

3. a) Explain the step by step procedure of FEA.  [8] 

 b) A load P=60x10
3
N is applied on a bar as shown in Figure. 3 (b)  Determine (i) 

Displacement field (ii) Stresses and (iii) Support reactions   

 

 
Figure.3(b) 

Take E= 20GPa, Gap=1.2mm, A=250mm
2
 [8] 

    

4. a) Find the nodal displacements and element stresses in a plane truss shown in the 

figure. 4(a) below.  

 
Figure. 4(a) [8] 
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 b) Consider a beam with uniform distributed load as shown in the figure. 4(b) 

Estimate the deflection at the centre of the beam. E=200Gpa; A=25mm×25mm.  

 
Figure. 4(b) [8] 

    

5. a) The nodal coordinates of the triangular element are shown in figure. 5(a). At the 

interior point P the x coordinate is 3.3 and the shape function at node 1 is N1 is 

0.3. Determine the shape functions at nodes 2 and 3 and also the y coordinate of 

the point P. 

 
Figure. 5(a) [8] 

 b) For the axisymetric triangular element 1, determine consistent loads at the 

nodes 2 and 3 due to pressure load as shown in figure. 5(b). Also calculate 

material property matrix [D]. 

 

 

 

 

 

 

 

 

 

 

Figure. 5(b) [8] 
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6.  Determine the jacobian matrix for the quadratic isoparametric triangular 

element shown in figure. 6 below. 

 
Figure.6 

[16] 

    

7. a) Find the natural frequencies of longitudinal vibration of the unconstrained 

stepped bar shown in Figure. 7 (a) 

 
Figure. 7(a) [8] 

 b) Derive the expression for stiffness matrix and force matrix for 1D problem in 

heat conduction problems. [8] 
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  PART–A (22 Marks)  

1. a) Give the advantage and limitation of finite element methods  [3] 

 b) What are the different types of boundary conditions? Give examples. [4] 

 c) What is Truss? Write down the expression of 2D element stiffness matrix for a 

truss element. [4] 

 d) What do you mean by axisymmetric problem? List any four commonly used 

axisymmetric elements.  [3] 

 e) What is the significance of Jacobian transformation? [4] 

 f) Write down the stiffness matrix equation for one dimensional head conduction 

element. [4] 

    

  PART–B (3x16 = 48 Marks)  

2. a) An axial load P = 20010
3
 N is applied on a bar as shown in figure. 2(a) 

Determine nodal displacements, stress in each material and reaction forces 

 
Figure. 2(a) [8] 

 b) Find the solution of the problem using Rayleigh Ritz method by considering a 

two term solution as y(x) = C1 x (1-x) + C2 x
2
 (1-x). [8] 

    

3. a) Explain the process of discretization of a structure in finite element method in    

detail, with suitable illustration. [8] 

 b) Determine the circumference of a circle of radius ‘r’ using the basic principles of 

finite element method.  [8] 

    

4. a) Determine the displacements and slopes at the nodes for the beam shown in 

figure. 4(a) Find the moment at the midpoint of element 1. E = 200 GPa, Cross 

sectional area =         . 

 
Figure. 4(a) [8] 
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 b) For the three-bar truss shown in Figure. 4(b), determine the displacements in 

node 1 and the stress in element 3.Take A=250 mm
2
, E =200 GPa. 

 
Figure. 4(b) 

 [8] 

    

5. a) Derive the stress-strain relationship matrix (D) for the axisymmetric triangular 

element.  [8] 

 b) Obtain the global stiffness matrix for the plate shown in figure. 5(b) Taking two 

triangular elements. Assume plane stress condition and E=70GPa, t= 10 mm and 

Poisson’s ratio as 0.33.  

 
Figure. 5 (b) [8] 

    

6. a) Derive the strain displacement relation matrix for the quadrilateral element in 

terms of natural coordinates. [8] 

 b) Solve the following integral equation using one point, two point and three point 

Gaussian quadrature method and compare with exact solution ∫ (1/1+x
3

) + 3 e
x 

dx 

with the limits from -1 to 1. [8] 

    

7. a) A furnace wall is made up of three layers, inside layer with thermal conductivity 

8.5 W/mK, the middle layer with conductivity 0.25 W/mK, the outer layer with 

conductivity 0.08 W/mK. The respective thicknesses of the inner, middle and 

outer layer are 2.5 cm, 5 cm and 3 cm respectively. The inside temperature of the 

wall is 600 K and outside of the wall is exposed to atmospheric air at 30K with 

heat transfer coefficient of 45 W/m
2
K. Determine the nodal temperatures. [8] 

 b) Derive the consistent mass matrix for a truss element in its local coordinate 

system. [8] 
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