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UNIT-I
a) Derive the differential equation of equilibrium in terms of displacement components

for plane stress problem in the presence of body forces. [5M]
b) Explain plane stress and plane strain with examples. [5M]
a) State Hooke’s law and explain about pure shear. [5M]
b) Explain about components of strain at a point [5M]

The stress tensor at a point in the body is given by

poison's ratio is 0.3 for the material, find the strain tensor at this point
+600 —200 +300 [10M]
—200 +200 +450[x107%. E =2 X 10° N/mm?
+300 —450 —400

The state of stress is at point is given by

oxx= 10MPa, oyy=-20MPa o0zz=-10MPa

™y=-20MPa, tyz=10MPa , txz=-30MPa If

E=250GPa and G=80GPa . Find out the corresponding strain componenets from

List the six components of strain. Derive the strain components between the same for [10M]

the different planes.

(a) What is Airy’s stress function? Discuss the application of stress function approach

[10M]

for solving of two dimensional bending problems. [5M]
(b) Obtain the relationship between three elastic moduli for plan stress problem. [5M]
(a)Derive the equations of equilibrium in Cartesian form. [5M]
(b)Derive stress-strain displacement relations for Cartesian coordinate system. [5M]
a) Show that 32(0 +o ) — 1 [9¥ , 9Z] \ysing plain strain condition [5M]
y z 1-r lay ' 8z

b) Obtain the compatibility equation for plane stress problem in Cartesian from. [5M]
a) Develop stress- strain relations for plane stress problems [5M]
b) Derive the differential equations of equilibrium and compatibility equations in 2- [5M]
dimensional Cartesian coordinate system.
a) For the following strain distribution, verify whether the compatibility condition is
satisfied:

(i) &xx = 3x2%y, £y, = 4¥2x + 1072, y,,, = 2xy + 2x3 [SM]

(il) &xx = PV, Eyy = PX, €2z = 2p(x + ¥)

Yxy = P(x +¥). &,; = 2pz, &, = 2pz, Where p is a constant.

b) Explain stress functions with examples [5M]

UNIT-

a) Prove that following are Airy’s stress function and examine the stress distribution by

them:
(i) @ = Ax® —y. [5M]
(i) @ = Ax? — By?Z.
(iii) @ = Ax? + Bxy + Cy=,

b) Explain Saint-Venant’s principle with example. [5M]

Determine the stress components and sketch their variation in a region included
y=0,y=d and x= 0 on the side x positive. For the given stress function:

—F [10M]
P =zxy"(3d—2y)

a) Check whether the following
Where C = constant.

, a1 , . [5M]
¢ =5 (* =3¢ty + 2% - 0 y3 (v* — 2¢%)
b) What is plane strain? Explain it [5M]
Investigate what problem is solved by the stress function.
__3F xy3 [10M]

¢ = E[xy— 3.:2] +%y2.
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Showthat & = 2= | X2 + Y2Arctan ( 3 ) — XY is a stress function and

hence determine the expressions for 6x , oy and Xy

16 A cantilever of length ‘L’ and depth 2C is of unit thickness. A force of P is applied at
the free end. The upper and the lower edges are free from load. Obtain the equation of
deflection curve of the beam in the form
Where X is the distance from free end.

PX3 PL*X | PL3

6EI 2EI ZEI

(V)y=o =

17 Assume the fifth order polynomial degree for the rectangular beam strip and find the
Airy’s stress function with the different stress components. Analyze the behavior of the
beam and draw the stress distribution diagram

18 . . " i . . .
a) Derive the compatibility conditions for the two dimensional Cartesian coordinates.

b) Prove that o, = v (o, + o3, ). Give the practical examples and draw the neat
diagram.

2

2

)(csx +cy)= 0 For a 2-D elastics body.

4
b) what is stress function(¢)? Show that V¢ = 0.

a) Discuss the various stress cases obtained by taking third order polynomial as Airy's
stress function

20

b) Derive stress-strain displacement relations for Cartesian coordinate system.

UNIT-1I
1 Derive the diffential equilibrium equation in polar coordinates for two dimensional

alactir hndiac
o Starting from fundamentals, derive the expression for hoop and radial stresses for a

rntatinn hnllawr dier

3 Derive the stress components of a plate with circular hole subjected to uniaxial load

4 Explain generalized solution of the two-dimensional problem in polar coordinates
5 Starting from a suitable stress function for an axially symmetric problem,derive Lame’s

avnraccinn far radial and hnnn ctraccac in a thirls milindar ciihiartad tn intarnal flisid
¢ Derive the equilibrium along with the boundary conditions and compatibility conditions
far tha thwwin dimancinnal nnlar ranrdinatac

- Determine stress components for the stress function

welive Uik equiuili g = Alogr + B r?logr + Cr? + D .U CUIIPdUUIILY CULIUILUILDS
8 for the two dimensional polar coordinates.

9 @) Obtain the general expression for stresses for an axisymmetric problem.
b) Obtain the compatibility expression for two dimensional problem in polar

rnnrdinatac
10 Acurved bar with a constant narrow rectangular cross section and a circular axis is

hant in tha nlana nf fiinmatiira hv fatinlace N annliad at tha and talzina tha enliitinn in tha

UNIT-1V

11 Derive the equation of equilibrium for 3-D stress state.
12 Determine the principal stress tensor at a point in a material if the strain tensor at a

nnint ic Aivian | hnln\nl /\nrl Dr\lccnn c rafln n Q nnflna ctrace inmvariante alen

=8 === 2= e 3 e T e

13 What are the stress invariants? Derive expression for the stress invariants.
14 The state of stress in given at a point by following matrix. Determine principle stresses

and nrinrinla Airartinnc Z g
15 Apoint P in a body is UL%-.. = ~_ftJ.. ,Determine the total stress, normal stress and

chaar ctrace nn a nlana wihirh ic annialhs inflinad ta all tha thrao avac

16 @) Derive the eq 160. 100 100 displacements.
Z={100 ~50 100 {mN/mm®

b) Explain the te 100 100 -50

17 The state of stress at a point is given by following stress tensor. Calculate the stress
inv7ariante mannitiida and dirartinn Af nrincinal ctraccac

18 The stress tensor at a particular point is given by:Calculate for the plane having direction
cosines, Anx = —, Gpy =— & an, =

o — C FErEr TE3Iis ER R B

19 a) Derive the expression for principal stresses in three dlmen5|ons
b)What is meant by Homogenous deformation? Explain with examples

20 Derive the compatibility relation of strain in a 3D elastic body. What it is significance?
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UNIT-V

Derive an expression for torsion of a bar of narrow rectangular cross section
erive uie yuveliiiy eyudtuvil diiu uie vuuliudly 101 1oli=eiicuidl sectivli suvjecieu

torque load
Explain and derive the equation for the Prandtle’s membrane analogy

Explain the membrane analogy, applied to a narrow rectangular section.
ULdlll LHE EXPIESSIVIT TUL LHE TTHIAXITTIULTT STiEdl SUESS Ul d SlidIt Ul ElpLILdl LITUSS SELLIVI

having major
A TeLldiiyuldl vedlil Ul wiulll Zd dilu £ZD 15 SUubjecleu WU WISIVILLL DETNIvE LUIe eyudtiurl

for obtaining maximum shear stress.
A JLEEN 1I-OECLIVIT VI TdlYE ZUVUITITT A LZITHT dlU WED S70 THITTE A O TS SUNJELLEU WU d

pure torque. If the maximum shear stress in the material is 100 N/mm2, Find the torque
Derive the differential equation 5z, 52, ,for torsion problem is elasticity,
wihan e, _ . dx2 y2 -
OIOW LUldL IVIL= IVIJU 11 LOTSI0I1 Uhiaawads? vy
Rigidity, J-polar moment of inertia and 0 - angular twist for unit length

wetant alnann tha harindarny at tha
1 woual IIOLALIOINS. VWIICTC U- IIIOAULIUS O1

write short notes on.
a) Distortion Energy.
b) Pandtle membrame analogy

c) Saint venant's principle
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