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FINITE ELEMENTS METHODS
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Max. Marks: 80

Answer any FIVE questions

All questions carry equal marks

---
1.
If a displacement field is described as follows,



u = (-x2 + 2y2 + 6xy) 10-4 and v = (3x + 6y – y2) 10-4

Determine the strain components (xx , (yy, and (xy at the point x=1 ; y = 0.

2. 
By using direct stiffness method, solve the following.  Assume E = 2 x 105 N/mm2.
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3.
Determine the displacements at nodes and the stresses in elements shown in figure:
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4.
A cantilever beam is loaded with point load at end and Uniform distributed load throughout the beam of length L m. Explain how will you proceed with the solution using FEM?


5.  a)
Show that the shape function at node i (Ni ), for the simplex triangle is one and zero at nodes j and k.




         



 b)
The nodal displacements for the simplex two-dimensional element
shown figure are u1 = 2 mm, u2 = 6 mm, u3 = -1 mm, v1 = 4 mm , v2 = 5 mm and       v3 = 8 mm. Determine the displacement components at an interior point B (10,10). The nodal coordinates (in mm) are given in parenthesis.
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6. 
Estimate the temperatures at nodal points shown in figure. The hatched face is insulated and the k value of the plate is 1.5 W/m K.









                               0.3 m



h = 50 W/m2







T( = 250C







0.4 m

7.
Consider axial vibrations of the steel stepped bar as shown in figure: (a) develop global stiffness matrix and mass matrix, (b) natural frequencies and (c) mode shapes.














                       





0.275 m  

0.275 m

8. a)
Compare the capabilities of ANSYS software with NISA software.

b)
List and sketch the various 3-D solid structural elements available in ANSYS software.
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1. a)
Write short notes on plane stress problem with suitable examples.


    b)
Derive the material constitutive matrix for a plaine strain problem.


2. 
With a suitable example explain the formulation of finite element equations by direct approach.  Assume suitable data for the example. Use I-D analysis.

3.
Consider the two bar truss structure shown in the figure. The elements properties are E1 = 20 x 10” N/m2; E2 = 10 x 10” N/m2; A1 = 100 mm2; A2 = 200 mm2. Calculate the displacement at node 2 and stresses in the elements 1 and 2.   (16M)
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4.
A beam of length 2 m is fixed at both ends. Estimate the deflection at the center of the beam where load is acting vertically downward of 10 kN. Divide the beam into two elements. Compare the solution with theoretical calculations. 

Take E = 2 x 10” N/m2, A = 250 mm2.

5.
Determine the deflection at the point of load application using a one triangular element model for the configuration shown in the figure.
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6.
Estimate the temperature distribution in 1-Dimensional slab as shown in figure.

K1 = 25 W/m K; K2 = 10 W/m K; K3 = 5 W/m K; h = 55 W/m2 K; T( = 200C.
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7.
Explain the following with examples.


a)
Lumped parameter model.







b)
Continuous system model.

8. a)
Explain the automatic mesh generation technique.

    b)
Explain coupled field analysis and give some examples.
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1. a)
Write down the six compatibility conditions for the three dimensional elasticity problem.









    b)
Explain the principles of Virtual Displacement.



2. a)
What is meant by a shape function?

    b)
Explain about the band width of an assembled matrix.

    c)
Write short notes on frontal solver.

3. 
Estimate the displacement vector, stresses and reactions for the truss structure as shown below:
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4.
A two span continuous beam has each 1 m length and their flexural rigidity is equal to unity.  The beam is simply supported on three rigid supports.  Obtain the structural stiffness matrix corresponding to three rotational degrees of freedom after imposing boundary conditions. 

5.
A rectangular element is shown in figure. Assume plane stress condition, E = 2 X 105 MN/m2, and poison's ratio = 0.3  and the displacements at the nodes are given by 


u = [0, 0, 0.05, 0.075, 0.15, 0.08, 0, 0] T mm.Evaluate J, and B at  ξ = 0, η = 0.
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6.
Find the temperature distribution in the square plate as shown in figure. Assume K = 30 W/m K, T( = 500C and q = 100 W/m3.
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7.
Evaluate the eigen values, eigen vectors and natural frequencies of a beam of cross section 360 cm2 of length 600 mm. Assume young’s modulus as 200 Gpa, density 7850 kg/m3 and moment of Inertia of 3000 mm4. Make into two elements of 300 mm length each.

8.
What are different steps followed in preparation of preprocessing, processing, and post processing stages using NASTRAN package?
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1. a)
Write down six 3D strain – displacement equations.



    b)
Explain the Principle of Minimum Potential Energy.


2. 
Find the displacement at the free end and the reaction force for the following problem.  Assume E = 2 x 105 N/mm2.
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3.
For the truss structure shown in figure is subjected to a horizontal load of 4 kN in positive x-direction at node 2. Calculate (a) stiffness matrix and(b)stresses. (16M)
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4.
Derive the elemental stiffness matrix for two nodded beam element?  And also load vector?

5.
For the linearly varying distributed load on the axisymetric conical surface shown in figure. Prove that the equivalent  point load vector T is given by 


T = [aTr1 + bTr2, aTz1
+ bTz2, bTr1 + cTr2  , bTz1 + cTz2 ]T 

Where

a = 2πl (3 r1 + r2 ) / 12,  b = 2πl ( r1 + r2 ) / 12 and c = 2πl ( r1 + 3 r2 ) / 12
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6.
Compute the elemental conductivity matrix and load vector for the 2-D triangular element as shown in figure.  The faces 1-3 and 2-3 are exposed to a convection and there is an internal heat generation of 50 W/cm3. Assume thermal conductivity is 60 W/m K.






 

          




 2(8,10)

  



  h = 10 W/m2 K, 400C

 3(12,8)


1(4,6)       h = 15 W/m2K, 400C

7. a) 
From first principles, derive the general equation for elemental mass matrix? 

    b) 
Derive the elemental mass matrix for 2-D triangular element?

8.
What are the basic steps for preparing mesh generation?  Give an example.
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