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                      Max.Marks:80

Answer any Five questions

All questions carry equal Marks

---

1.a)
Discuss about any finite element analysis software.

b) What is the general applicability and description of finite element method.

2.a)
Obtain the Stress-strain relations using generalized Hook’s law, in matrix form.

b) State and explain the principle of minimum potential energy by considering a suitable example.

3.
Explain the Galerkin  approach and by using this approach derive the stiffness matrix and force ters for a are dimensional element under arial loading.

4.
For the pin jointed truss  shown in fig.1, determine 

   a)
Element stiffness  matrices

(b)   Glohal stiffness matrix 

   c)
Stress in the element 1

(d)  Strain in the element 2

   e)
Strain energy of the system

(f)  Any one of the support reaction


Assume E = 200 Gpa
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Fig.1

5.a)
Derive the stiffness matrix for a three-molded triangular element for plane stress analysis.

   b)
The co-ordinates of three modes of a constant strain triangular element in a discretised  continuous in multimetres are (10,10), (40,10) and (40,50).  If the thickness of the element is 10mm, obtain the element stiffness matrix for plane stress situation.  E = 2 x 105 N/mm2.  p
ratio is 0.3.
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6.a)
What are the Isoparametric, subparametric and superparametric elements and discuss the relative advantages.

b) A triangular element is specified with the nodal coordinates 1(1,1), 2(5,2), 3(3,6).

i) For a point located inside the triangle the shape functions N1 and N3 are respectively 0.2 and 0.45, determine the ‘xy’ coordinates of the point p.

ii) Determine the shape function N1,N2,N3 at a point Q(3,3).

iii) Determine the Jacobian matrix.

7.
Determine natural frequencies and mode shapes for the rod shown in fig.2, using the characteristic polynomial technique.  Assume E = 200 Gpa and 

e(mass density) = 7850 kg/m3  



x


x



      AA


                                               300m.m
300m.m


figure 2

8.
Consider a brick wall (as shown in fig.3)  of thickness L = 30cm, K = 0.7 w/moc.  The inner surface is at 28oC and the outer surface is exposed to cold air at –15oC.  The heat transfer coefficient associated with the outside surface is h = 40 W/m2 oC. Determine the steady state temperature distribution within the wall and also   the heat flux through the wall.  Assume one-dimensional flow.






  300cm



k=0.7w/moc



                G=40w/m2 oc



    28oc
            T∞ = -15oc




Figure 3
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1.a)
Explain element mesh generation on computers, semi-automatic and automatic mesh generation.

b) Compare the finite element  method with other methods of analysis.

2.a)
State and explain the Rayleigh-Ritz method by considering a suitable example.

b) Obtain the strain-displacement relations.

3.a)
Clearly explain the weighted residual approach for the formulation of element characteristic and load matrices.

b) Consider the bar as shown in fig.1.  An anial load P = 200KN is applied as shown.

Determine the nodal displacement, stress in each material and reaction forces.


                                               300mm                      400m.m









                             1
x                       x

                                                                                                        3      


      AA

                                                                                 Steel

                                              
Aluminium              A2 = 600m.m2




        A1 = 2400m.m2          E2 = 200x109 N/m2



        E1 = 70 x 109 N/m2 

Fig.1
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4.
For the truss shown in fig.2 with the indicated loading.  Determine stresses in  each member. Assume E = 70Gpa and A = 500m.m2 for each member.
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Fig.2

5.a)
For the triangular element shown in fig.3, the nodal displacement vector is given.  Determine 
(a)  The Jacotion matrix
(b)  The strain vectres 

c) The natural co-ordinates at the point (x = 5, y = 5)

Ar1 = 0.001, ar2 = -0.004, ar3 = 0.003, ar4 = 0.002, ar5 = -0.002, ar6 = 0.006

Note:- ar ad x,y have the same unit.

                                                                                      ar6
                                                               y          (4,7)             ar5 

                                                                                    33                   

                                                                                                     ar4
                                                                       ar2                                  ar3
                                                                                                   (7,4)

                                                                        (1,1)  ar1

                                                                           Fig.3                                  x

6.
A four noded quadrilateral is specified with the following nodal coordinates


1(2,2), 2(7,3), 3(6,7), 4(3,7)

Sketch  the element Cartecian coordinates and on the sketch indicate the following:

a) Natural coordinates n and (
b) The point n = -0.5 and ( = 0.5

c) The line ( = -0.3

d) The line n = 0.25

e) The lines (n+() = (1

f) Determine the Jacobian for the avove element.
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7. Consider axial vibration of the steel has as shown in fig.4 

a) Develop the global stiffness and mass matrices

b) Determine the natural frequencies and node shapes, using the characteristic polynomial technique.





                             
x                       x

                                                                                                        3      


      AA

                                                                                

                                               300mm                      300m.m


            

                               Assume E=200 Gpa           and  E (mass density = 7850 kg/m2





Fig.4

8.a)
Obtain the steady state heat transfer problems governing equation with convective boundary conditions.

b)
Heat is generated in a large plate ( K = 0.8 W/moC) at the rate of 4000W/m3.  The plate is 25cm thick.  The outside surfaces of the plate are exposed to ambient air at 30oC with a connective heat transfer coefficient of 20W/m2.oC.  Determine the temperature distribution in the wall. (see fig.5)


                                                            Q = 4000 w/m3
                                                  1                                  2                           3

                                      ar=0                                                      a1Tα
                                                       62.5m.m2             62.5m.m

Fig.5.

***
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1.a)
Compare the finite element method with other methods of analysis.

   b)
What is general applicability and description of  finite element method.

2.a)
Solve the following by variational approach


I = o∫1[(y1)2 – y2 – 2xy] dx, given that 0≤x≤1, y(0) = y(1) = 0

   b)
Distinguish plane stress and plane strain problems.

3.a)
Write about shape functions (linear and quadratic).

b)
Consider the bar shown in fig..  Determine the nodal displacements, element stresses and support reactions.  Assume E = 200 x 109N/m2 

                                                                                     A2 = 400 mm2
                                                              A1 = 250mm2

                                                                                                                         x

   




     Q = 10kN                   p=300 kN 


                                                           150m.m      150m.m

300mm
4.
For the pin jointed truss  shown in fig., determine 

   a)
Element stiffness  matrices

(b)   Glohal stiffness matrix 

   c)
Stress in the element 1

(d)  Strain in the element 2

   e)
Strain energy of the system

(f)  Any one of the support reaction


Assume E = 200 Gpa
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5.        Explain what is a Jacobian matrix and its use in Finite element analysis.  Derive the Jacohian matrix for a triangular element.

6.a)
Explain the Gaussian integraion scheme and its applicability in finite element analysis.

   b)
Using a isoparametric element, find the Jacobian matrix for the element shown in fig.


                                           (0,1)  4                       3 (2,1)

                                                          C + (1,0.5)

                                              1                                2

                                                   (0,0)                  (2,0)

7.
Evaluate the lowest eigenvalue and the corresponding eigenmode for the beam as shown in fig


Assume:  E = 200 Gpa


    G = 7850 Ks/m3
  
 
     I = 3000m.m4

                A = 360 m.m2








      Assume :   E=200 Gpa









            ( = 7850 kg/m3









I = 3000 m.m4









A=360m.m2
                                                    300mm                300mm

8.a)
Discuss one dimensional fluid flow problems related to Viscous and incompressible flow problems.

   b)
Explain the steady state heat transfer problems

***
***
***
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1.a)
Describe the general procedure of the Finite Element method.

   b)
Discuss about any finite element analysis software.

2.a)
Clearly  explain the following methods used for the formulation of element characteristic and load matrices.


i)  Direct approach 

(ii)  Variational approach

   b)
Derive the equilibrium equation for an electric continuum.

3.a)
Using Rayleigh-Ritz method find the displacement at the mid point of the rod as shown in fig.. Assume all the variables are in consistent units.  E = 1000, A = 1, body force g = 1 per unit volume.




X=0








X=5

   b)
In a plan stress problem(x =50 Mpa 1(y =-25 Mpa (xy = 40Mpa.


E = 200 Gpa, poisions ratio µ = 0.28.

i) Determine the strain conponent εz.

ii) If the problem is a case of plane strain case determine the stress component σz?

4.a)
Starting from the first principles derive the stiffness matrix for a bar element and entend it  for a plane truss element.
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 b)
Use finite element method to calculate displacements and stresses of the bar shown in the fig..  Assume  E = 200 Gpa.

                                                                   A1 = 50 m.m2






                  A2 = 30m.m2


                                                                                                         30kN



                                                              100m.m           100m.m
5.a)
Determine the shape functions for three nodded triangular element.

   b)
Derive the matrix relating strains and nodal displacements for a triangular element subjected to in plane loading.

6.a)
Explain the role of numerical integration in determining the stiffness matrices for lighes  order elements.

   b)
fig. shows a four nodded quadrilateral element.  The x-y coordinates of each node and nodal displacements are indicated in the figure.  Determine:

i) Jacobian matrix for the element

ii)
Natural coordinates ‘(’ and ‘n’ directions at the point ‘p’  (x = 6, y = 7)

iii)
The displacements in x and y directions at appoint p whose natural coordinates ( = 1  and n = 1.




  2
      2

                                                         y

                                                         (0.8,4)                                              (6,7)







      ( p


                                                             (4,1)                                (4,1)                         









        x
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7.
Find the natural frequencies and the corresponding node shapes for the longitudinal vibrations for the following stepped bar as shown in fig. Assume A1 = 2A and A2 = A.



                                                                                L/2





         


 2         (2)



                                                        L/2







X

8.
The outside of a heating tape is insulated (as shown in fig.), while the inside is attached to one face of a 20m.m-thick stainless teel plate (K = 16.6 W/moC).  The other face of the plate is exposed to the surroundings, which are at a temperature of 20oC.  Heat is supplied at a rote of 500 w/m2.  The outside surface of the plate is maintained at Ts = 70oC.  Determine the temperature of the face to which the heating tape is attached.

                                                                       Heating element

                                                                                          Stainless steel

                                                                , . . ‘  -

                                                                 . . - . 






    ,. . - . -             Air






    ; . ‘. . ‘              R=5w/m2 oC






    . , ‘ . ; ,






    200mm . ‘






    , .’.:.,’-    Ts = 70oC
Set No.
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A2=400m.m2





A1=250m.m2
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