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MODULE-WISE SOLUTIONS
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Course Code 21AE44

Course Name Mechanics of Materials

Module 1: Basics of Linear Elasticity, Simple & Compound Stresses

1. Analyze the stress at a point in 3D Elastic body and derive 3D stress equilibrium equations at that

point. Deduce the equations to plane stress conditions. (10 Marks) Aug./Sept.2020, 18AE33
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Draw the stress-strain curves for the below mentioned materials mentioning/illustrating salient

features of stress-strain curves: (i) Mild steel (ii) Aluminium (iii) High carbon steel (iv) Cast iron

(v) Glass (05 Marks) Aug./Sept.2020, 18AE33

OA : Proportional limit
A Elasticlimit
B : Yield stress point/upper

[
ﬁ A yield stress point
-;-' C : Lower yield stress paint
D : Ultimate stress point
E : Breaking or rupture point
o Strain
Q) Mild steel
Stress
Ultimate
Strength
Yeild
Strength

0.002 .
Strain

@i)  Aluminium
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siress

high carbon steel

0 strain

(iii) High carbon steel

Breaking point

Line of proportionaley

= Siress | )=+

Stress | )—=

(i)  Castiron

>

240

Stress (MPa)

0.004”
Strain

(v) Glass
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. Define the following with example: (i) Normal stress (ii) Shear stress (iii) Bending stress (iv)
Torsional stress (v) Bearing stress (05 Marks) Aug./Sept.2020, 18AE33

(iii) Bending Stress: Bending stress is the internal resistance generated within a component when an
external bending moment or force is applied.

Bending stress, o = MT

G 5

A

{a) Cantlever subjected to moment at its end

(iv) Torsional stress Torsional shear stress is the shear stress offered by the body against torsional load

or twisting load.

. TR
Torsional stress, T = -
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(v) Bearing stress: The stresses developed when two elastic bodies are forced together are termed
bearing stresses.

4. Show th

Forces

OBJECT

Bearing stresses at
the contact surface

at total Elongation in an uniformly tapering circular section bar is § =

— . (06 Marks)

Consider a uniformly tapering circular bar with diameter varylng from ds to d2 over a length L.
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5. Determine the stresses in various segments of the circular bar shown in Fig.Q2(b). Compute the
total Elongation taking Young’s modulus to be 195 GPa. (08 Marks) Aug./Sept.2020, 18AE33
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6. Define Hooke’s law. Draw and explain the stress-strain curves for ductile and brittle materials. (10
Marks) Jan./Feb. 2021, 18AE33
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7. Derive the equilibrium equations for a 3-D stress system. (10 Marks) Jan./Feb. 2021, 18AE33
(Refer to solution of Q1)

8. Asteel bar ABCD 4m long is subjected to forces as shown in Fig.Q.2(a). Find the elongation of the
bar. Take E for the steel as 200 GPa. (10 Marks) Jan./Feb. 2021, 18AE33
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9. Derive the equilibrium equations for the state of stress in 3-dimensions. (10 Marks) Feb./Mar.
2022, 18AE33

(Refer to solution of Q1)

10. Define the following: (i) True stress (ii) Engineering stress (iii) Hooke’s law (iv) Poisson’s ratio (v)

Volumetric strain (10 Marks) Feb./Mar. 2022, 18AE33

(i) True stress: True stress is determined by dividing the load by the instantaneous area.

Load
Instantaneous Area
(if) Engineering stress: Engineering stress is determined by dividing the load by the original area.
Load

Original Area

True Stress =

Engineering Stress =

(iii) Hooke’s law:
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(iv)  Poisson’s ratio:

3
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(v) Volumetric strain: Volumetric strain is defined as the change in volume divided by the original
volume.

. . 8V
\Volumetric Strain, g, = >

11. Draw and explain stress-strain curves for Brittle and Ductile materials. (10 Marks) July/August
2021, 18AE33
(Refer to solution of Q6)

12. Show that extension produced due to self weight of a bar of uniform C/S fixed at one end and
suspended vertically is equal to half the extension produced by a load equal to self weight applied
at freed end. (10 Marks) July/August 2021, 18AE33
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From (1) and (2), Extension produced due to self-weight of a bar of uniform C/S fixed at one end and

suspended vertically is equal to half the extension produced by a load equal to self-weight applied at

freed end.

13. Derive the equilibrium equations for a 3-D stress system. (08 Marks) Dec.2019/Jan.2020, 18AE33

(Refer to solution of Q1)

14. Define plane stress and plane strain with equations. (04 Marks) Dec.2019/Jan.2020, 18AE33
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15. Derive the total extension in a uniformly tapering rectangular bat with neat sketch. (08 Marks)
Dec.2019/Jan.2020, 18AE33
Consider a tapering rectangular bar with width varying from b to b, over a length L subjected to axial
load P.
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16. Draw a stress-strain diagram for ductile material and mention the salient points. (04 Marks)

Dec.2019/Jan.2020, 18AE33

OA : Proportional limit

A : Elasticlimit

= B :Yieldstress point/upper
A yield stress point

C : Lower yield stress paint
D : Ultimate stress point

E :Breaking or rupture point

Stress

Strain

17. The tensile test was conducted on a mild steel bar. The following data was obtained from the test:

Diameter of steel bar = 16 mm

Gauge length = 80 mm

Load at proportionality limit = 72 kKN

Extension at a load of 60 kN = 0.115 mm

Load at failure = 80 kN

Final gauge length = 104 mm

Diameter of rod at failure = 12 mm

Determine: (i) Young’s modulus (ii) Proportionality limit (iii) True breaking stress (iv) Percentage

elongation (08 Marks) Dec.2019/Jan.2020, 18AE33

Data:

d=16 mm

L =80 mm

6 at 60 kN =0.115 mm

Solution:
(i) Young’s Modulus
Area of cross-section,
nd? 1(16)>2
, T _m(16)

4 4

A =201.062 mm?
o _ P 60X 103
eSS 0 = T 201.062

o = 298.4 N/mm?
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Strai 6 0115
rain, & = I~ 80
£ =0.0014375

o 298.4

Young's Modulus,E = z = 00014375

E =207.58 x 103 N/mm?*
(i) Proportionality limit

Load at Proportionality Limit

p rionality Limit =
roportionality Limi Original Area

60 x 103
201.062

Proportionality Limit = 298.4 N/mm?

Proportionality Limit =

(iii) True breaking stress

Load at Failure

True Breaking Stress =
Instantaneous Area

w(12)2
Instantaneous Area = = 113.09 mm?
T Breaking St B 80 x 103
rue Breaking Stress = 113.00

True Breaking Stress = 707.4 N/mm?
(iv) Percentage elongation

i

. Ls
% Elongation =

x 100
L;
_ 104 — 80
% Elongation = 80 %X 100

% Elongation = 30

18. Derive the equilibrium equation for a 3-dimensional stress system. (10 Marks) Aug./Sept.2020,
17AE34
(Refer to solution of Q1)

19. Draw stress strain curve for mild steel and mention the salient point. (05 Marks) Aug./Sept.2020,
17AE34
(Refer to solution of Q16)

20. Write a note on constitutive laws for anisotropic materials. (05 Marks) Aug./Sept.2020, 17AE34

Constitutive laws for anisotropic materials describe how materials respond to external forces and

deformations, considering their directional dependencies:
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Constitutive laws for anisotropic materials are essential in materials science and engineering.
Anisotropic materials exhibit varying properties along different axes, necessitating tensorial
representations for their behavior. These laws relate stress to strain through stiffness or compliance
tensors. Anisotropy levels include orthotropic, transversely isotropic, and fully anisotropic materials,
each requiring specific constitutive models. These laws are crucial in applications such as composites,
geophysics, and aerospace engineering, enabling accurate predictions of material responses in diverse

scenarios.

21. A composite bar is shown in Fig.Q2(c). Determine stress developed in each member. Eal = 0.7x10°
N/mm?, Esteel = 2 x10° N/mm?. (10 Marks) Aug./Sept.2020, 17AE34
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22. Derive the equilibrium equations in polar co-ordinate for a two dimensional state of stress. (10
Marks) Dec.2018/Jan.2019, 17AE34

0T
T19+ 86 d9
06, oo
Go* 79 dO d O, + == dr
> &
Y 0T
‘ a : T+ r dr
( b /@’
a6
2
do
0
X
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The polar coordinate system (r, &) and the cartesian system (x, y) are related by the following
expressions:
x = rcosB, r2:1‘2+y‘?

¥y = rsin®, 6 = tan™ [iJ (2.43)

X

Consider the state of stress on an infinitesimal element abcd of unit thickness described by
the polar coordinates as shown in the Figure 2.16. The body forces denoted by F, and Fj are

directed along rand € directions respectively.

Resolving the forces in the r~direction, we have for equilibrium, XF, =0,

g de c
— o, % rdé +(Gf + ﬂfrf er{r+ dr)de —crﬁ.drsin?+ F, —[G’E + EO!-E-'E dEJdr
er -

c
sinﬁ—rmdrm5£+(rrﬁ.+ fre dﬂ]drcmﬂ:ﬂ
2 2 ce 2

Since dfis very small,

sin E ﬁzum:l ns? 1

Neglectlng higher order terms and 5I111|:|11f3flngr we get
Ordrdé+o (drd8 — o drdf + E:‘; drdé =10

cr
on dividing throughout by rd@ dr, we have
m:rr+lf:?rm+crr—t:rﬂ L F =0 (2.44)
cr r cé r
Similarly resolving all the forces in the & - direction at right angles to r - direction, we have

de

— O zdrcos ?"'[Uﬂ +

B de d6
“Ce g drcos — + 1,5 drsin —+(*r”5l +ﬁ d@ |dr
g 2 2

ele)

sin?— r . rdf +(r+ ﬂ’r)dﬂ[rfﬁ. + 18 dr]+ F,=0

gr

On simplification, we get
[Ei vr, 41, + o0 ]d& dr=10
e

o i

Dividing throughout by rd8 dr, we get

120, 9% 2% L g _g (2.45)
r oo dr r

In the absence of body forces, the equilibrium equations can be represented as:

e | ek o —-a
COr 2% O £ (2.46)

or r ¢f r
1éa, +Err& + 2T
r ¢f cr r
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23. Displacement field at a point on a body is given as follows :
u=(x’+y),v=03+z), w=(x*+2y)
Determine strain components at (3, 1, -2) and express them in Matrix form. (06 Marks)

Dec.2018/Jan.2019, 17AE34
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24. Define plane stress and plane strain. (04 Marks) Dec.2018/Jan.2019, 17AE34

Bt Gea=

rPMNE 'mmN_ 2
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25. Draw stress — strain curve for ductile material and mention the salient points. (06 Marks)

Dec.2018/Jan.2019, 17AE34
(Refer to solution of Q16)

26. Define the term load factor and allowable stress. (04 Marks) Dec.2018/Jan.2019, 17AE34

Load Factor is defined as ratio of allowable stress to the maximum stress.

Allowable Stress

For ductile materials, Load Factor = ,
Yield Stress

Allowable Stress

For brittle materials, Load Factor = _
Ultimate Stress

Allowable stress, or allowable strength, is the maximum stress that can be safely applied to a structure.

27. A composite bar is shown in Fig Q2(c). Determine the stress developed in each member. Take
Eal = 70 GPa; Esteel = 200 GPa (10 Marks) Dec.2018/Jan.2019, 17AE34

A = ISO0Mw™

\r'

ﬁ-,\OOU“"M‘
f ¥ 2heel
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T
— O] —bl-l—ﬂ-ls‘m—r

(Refer to solution of Q21)

AN

28. Analyze the stress at point in 3D elastic material and reduce the stress equations to two

dimensional state. (10 Marks) June/July 2019, 17AE34
(Refer to solution of Q1)

29. A structure is loaded and displacements associated with the deformed state are mapped. Find all
the strains associated with the following observed displacement field at point (0.6, —0.75, 1) m. m
10)

u=(—x"+3x—-3y* +8yz+5)x107m
v=(-4y'+y+8xz+1)x10"m

=(2z* +3z—8xy+8)x10°m
(10 Marks) June/JuIy 2019, 17AE34
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30. Discuss and illustrate the stress-strain curves for the following materials (i) Mild Steel (ii)
Aluminum (iii) Cast Iron, with salient features. (10 Marks) June/July 2019, 17AE34

(i) Mild Steel
F . e
= ol R
| ¢ e
| '/"_\.
i E

Svrecs _
| / ——
"‘.

— - ~ —D

2 = LTrpNyy € — :
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(i) Aluminum:
(&) There is no clear yield point.

(b) Necking takes place at ultimate stress.
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(c) Failure stress is below ultimate stress.

Stress

Ultimate
Strength

Yeild
Strength

0.002 .
Strain

(iii) Cast Iron
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31. Derive equilibrium equations for a 3D stress system. (12 Marks) Jan./Feb.2021, 17AE34
(Refer to solution of Q1)

32. With a neat sketch explain all the salient points of a stress-strain diagram for mild steel. (08
Marks) Jan./Feb.2021, 17AE34
(Refer to solution of Q16)

33. Discuss material selection for structural performance. (12 Marks) Jan./Feb.2021, 17AE34
cemenks
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34. Derive the equilibrium equations for the state of stress in 3-Dimensions. (10 Marks) Feb./Mar.
2022, 17AE34
(Refer to solution of Q1)
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35. Define the following: i) True stress ii) Engineering stress iii) Hooke’s law iv) Poisson’s ratio v)
Volumetric strain. (10 Marks) Feb./Mar. 2022, 17AE34
(Refer to solution of Q10)

36. Write the equilibrium equations for a 3-dimensional stress system. (03 Marks) Dec.2016/Jan.2017,
15AE34

(Refer to solution of Q1)

37. Define Plane stress and Plane strain. (04 Marks) Dec.2016/Jan.2017, 15AE34
(Refer to solution of Q24)

38. Displacement field at a point on a body is given as follows : u = (x?yz + z%), v = (xy?z + y?),
w = (xyz? + x?). Determine strain components at (2, 1, 2) and express them in a matrix form. (09
Marks) Dec.2016/Jan.2017, 15AE34
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39. Write a note on constitutive laws for anisotropic materials. (04 Marks) Dec.2016/Jan.2017, 15AE34
(Refer to solution of Q20)

40. Draw a stress — strain diagram for ductile material and mention the salient points. (04 Marks)
Dec.2016/Jan.2017, 15AE34

(Refer to solution of Q16)
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41. A composite bar is a shown in fig. Q2(c). Determine the stress developed in each member. Take
Eac = 0.7 x 10°N/mm?; Esteel = 2 x 10° N/mm?2. (08 Marks) Dec.2016/Jan.2017, 15AE34

A:‘”om,;" A—,ISO"’"”"

A steef Y
4 AL _’"zoomv /

A B c
o m o] 2

(Refer to solution of Q21)

42. Derive equilibrium equations for a 3D stress system. (10 Marks) Dec.2017/Jan.2018, 15AE34
(Refer to solution of Q1)

43. State of stress at a point is given follows:

G, :x3y2+x2yz, G, :3yzz+yz, G, :x2y222+:{z,
2 2 2
Ty =X'YZ, T, =Xy z, T, =XyZ .
In the absence of body forces determine the equilibrium conditions are satisfied or not at points (3,
-4, 2). (06 Marks) Dec.2017/Jan.2018, 15AE34

In the absence of body forces, equilibrium equations are given by,

| B <0G 4 O ap il
Iy 9y 9t |
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Qlar 40T -r_"c_)___”f:z - O -——-(3:? . 5
' A 2y QX S -
Diff-— ) ) o
Yoz .3z 9Ty = Jayx. o
> a0
_— - . Qoy - buz tZ. -
|y ; Ly, 4 S
D0y - JAYZ . 5 2 Tyzr” - 2 o N
I v 2z 1? - B
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44. Define the terms load factor and allowable stress. (04 Marks) Dec.2017/Jan.2018, 15AE34
(Refer to solution of Q26)

45. A stepped bar has a fixed support at one end and loads acting are as shown in fig. Q2(a).
Determine the stresses and deformations induced in each portion. Also find the net deformation
induced. Take E = 200 GPa. (10 Marks) Dec.2018/Jan.2019, 15AE34
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46. Derive equilibrium equation for three-dimensional state of stress in rectangular coordinate system.

(08 Marks) Aug./Sept.2020, 15AE34
(Refer to solution of Q1)
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47. Draw stress-strain curve for a ductile material and mention the salient points. (08 Marks)

Aug./Sept.2020, 15AE34
(Refer to solution of Q16)

48. A stepped bar shown in Fig.Q2(b). Determine the stresses induced and deformation induced in
each portion. Also find the net deformation is stepped bar. Take E = 200 GPa. Fig.Q2(b) (08
Marks) Aug./Sept.2020, 15AE34

A= HSO My
A A=z 200 mm :
I A= 250mMm*
YoeN 10N
=

0o 0w . aowmn

(Refer to solution of Q45)
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