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Course Name Mechanics of Materials

Module 4: Virtual Work Principles, Energy Methods

1. Determine the strain energy stored within an elastic bar subjected to an axial

tensile force of ‘P’ and length ‘L’. (06 Marks) Aug./Sept.2020, 18AE34
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2. Show that the strain energy within beam subjected to a pure bending moment M

L M%dx
2EI

isU = f (08 Marks) Aug./Sept.2020, 18AE34
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3. A simply supported beam of span ‘I’ carries a point load ‘P’ at mid-span.
Determine the strain energy stored by the beam. Also find the deflection at mid-
span. (06 Marks) Aug./Sept.2020, 18AE34

—E i :(I———I—F—v— J fia  2houss cL .Quni_é ey

_;_ L } i,LB L’:.__(. U‘%M_M/ al’

:I\ ' | A’m,J vecded 1D foie it Zond F al.

¥ < ¢ mﬁ%ggn S
= S Losd = : B /,_{ -¥% be K g:f)-’vt.
I ot a dislone _ata \ bovcm .

Momend _al /<€Ji'on x-X. 42 —

_—_ M:F-g =) I’q - ( MAx

— S b) QET . .
o Una- ( (n/;)zd* )
o y 3@1 Y2 [
Um_,—_ (7 Pz)(lc\x - Oppe £ ( X AR =]
J AT g1 J. i
B'— Fz r’( 7‘/‘
wer |2 J ,{
B - Sl Lo
:_ . aazf{ iq:ztI
§ é /{7,,”@/ 1&/)¢am..
U i Ggoe PR
192¢€1 ,

Totok  Advala _1% 7L}Lu_ém_i2_0ja_ﬂ23

U= Fl
qeET. -

Wos&dma__lzf_lbz_a,:f.ml load, W=3XFo.

l U_:_N g).,u g’nm o3 gu:j\[ - [/Ja«l olone .

JFS - 1> N S = FO
Qpel ASEL |

— —

—_—A —

Mr. Saviraj A S, Assistant Professor, Department of Aeronautical Engineering, GCEM



4. State and explain Castigliano’s I and II theorem. (10 Marks) Jan./Feb. 2021,
18AE34 (Refer Class Notes)

5. State and derive Maxwell’s reciprocal theorem. (10 Marks) Jan./Feb. 2021,
18AE34
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6. Define: (i) Flexural Rigidity (ii) Proof Resilience (04 Marks) Feb./Mar. 2022,
18AE34

Flexural rigidity, denoted as "EIl," is a property of a structural element like a beam
that measures its resistance to bending when subjected to an applied load or moment.
It is calculated by multiplying the modulus of elasticity (E) of the material by the
moment of inertia (1) of the beam. Flexural rigidity quantifies a beam's stiffness and
its ability to resist bending.

Proof resilience is a material property that measures its ability to absorb energy

2
without permanent deformation. It is calculated as U = Z—E where o is the yield stress

and E is the Young's modulus.

7. Consider a beam of length 2 m and diameter 100 mm is applied with point load
at the end 2000 N and other end is fixed as cantilever. Determine the strain
energy of the beam. Take E = 200 GPa. (08 Marks) June/JuIy 2019, 17AE34
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8. Derive expressions for slope and deflection at the free end of a cantilever beam of
length L carrying point load W at its free and using Castiglione’s theorem. (10

Marks) Dec.2018/Jan.2019, 15AE34
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