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Note: Attempt all Nine questions. Assume any missing data suitably.

1. (a)Show the arrangement of various structural components in a typical aircraft wing
section and state briefly their functions, (b) Draw variation of Gust Design Velocity with
Altitude, (c) Wing Forces at various points on V-n diagram, (d) Aircraft Loads and
Acceleration during a steady Pull-out, (e) Wing Span-wise Lift distribution. (5)

2. A transverse frame in a circular section fuel tank is of radius r and constant bending
stiffness EI. The loading on the frame consists of the hydrostatic pressure due to the fuel
and the vertical support reaction P, which is equal to the weight of fuel carried by the
frame, shown in Fig. P.2. Taking into account only strains due to bending, calculate the
distribution of bending moment around the frame in terms of the force P, the frame
radius r and the angle e. (5)
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3. Show that the stress function
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is the correct solution for a bar having a cross-section in the form of the equilateral
triangle shown in Fig. P.3. Determine the shear stress distribution, the rate of twist and
the warping of the cross-section. Find the position and magnitude of the maximum shear
stress. (5)

4. Let the load acting on the cantilever beam shown in Fig. PA be a uniformly distributed
load with an intensity of p. Find the stress function and the stress components. The
boundary conditions are that

O'y=-p on y=-d;i, O'y=O on y=d;i, ,.\),=0 on y=±d;i and

ey; ey;Ley;O'xdy= L~ O'xydy= 0 at x=O.
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5. A triangular plate; with narrow rectangular cross section and uniform thickness, is under
the action of a uniformly distributed load p along its top edge as shown in Fig. P.5. Verify
that the stress function

If = p cot a [_ x2 tan a + xy +(x2 +l )(a - arctan y)] satisfies . the governing
2(1- a cot a) x

differential equation and the boundary conditions. For the particular case of 0=30°,
examine how the normal stress is distributed over the cross section AB and how it
compares with the stress determined by the simple bending formula O"x = Me / I . (6)

Fig. P. 5

6. Let us take torsion of the prismatic bars, known as Saint-Venant torsion problem. The
problem can be solved using semi-inverse approach, in which a displacement field is
initially assumed and then it is shown that it satisfies the equilibrium equations and
boundary conditions. Finally the torsion problem is formulated as follows:V~2¢ = 0 in
region Rand Ti:=: GJnj on C where ¢ is the warping function. Simplify the above

equations by introducing analytical functions in the following form: 'i]'2\p = -? and also
obtain a suitable unknown function 'P for Equilateral triangular cross section of cylinder
of your choice. (7)

7. A beam of length L with one end fixed and other transversely spring (Linear) supported.
having stiffness k subjected to uniformly distributed load q, find: (a) the strain energy in
terms of transverse displacement w; (b) work done and total potential energy; (c)
boundary conditions; (d) choose an appropriate function for w using polynomial take
three terms from the polynomial and determine constants by the Rayleigh-Ritz method.
Don't simplify the expressions. (6)

8. Using the classical displacement formulation for a linear elastic problem, derive the
Navier equations. Use indicia I notations. (5)

9. (a) Determine the principal stress and their axes for the state of stress characterized by
the following stress matrices (units are 1000 KPa). [18 0 24][Tij] = ; o -~u. U.

24· 0 3'2'
(b)The displacement field is given by
tLx = k(x2 + 2z).ruy = k(4.x+ 2)'2: + Z),Ilz = 4k.zz:
Where k is a very constant. What are the strains at (2,2,3) in directions
(i) llx = (I,n,. = ~, nz = ~; (ii) nx = l,.n), = !Lz = 0; (iii)nx = 0.6, ny = 0,nz = 0.8 ? (6)


