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Simple Stress-Strain and
Elastic Constants

o

9

Detailed Explanation

of

Try Yourself Questions

T1 : Solution

IS Al wires Al wires
N Steel wires
l A B C

‘ Rigid Bar

¢GO kN

Let suffix 1 be used for Aluminium and 2 for steel

A, =300 mm?

A, =200 mm?

l1 =4m

l,=8m

Now, ol
P1l1
A,

P

2

E, = 0.667 x 105 N/mm?
E, =2 x 10° N/mm?

P
=

p| A AsE,
1, JUAE

(4) 200x 2x 10°
P, = B2 -
81 300x 0.667 x 10

8m

d/,, change in depth, line ABC will remain straight
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MRBDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2025 3

P, = P,

Also 2P, +P, = 60
Since P, =P,
2P, +P, = &0

3P, = 60

P, = 20kN, in aluminium wires
P, = 20kN, in steel wire

T2 : Solution

(@) Fallintemperature (AT) = 80-22 =58°C
Strain(e) = oAT =11 x 108 x 58 =638 x 10°°
Stress (6) = Ee =200 x 10° x 638 x 106 = 127.6 MN / m?
Pull exerted (P) = oA =127.6 x 10° x /4 x 6.25 x 10 = 62.635 kN
(b) Lengthat22°C = /(1 -aAT)=6(1-11x 10%x 58) =5.996172 m

Decrease in length 6-5.996172 =0.003828 m
Due to yielding of walls by 1.5 mm, the actual decrease in length
0.003828 —0.0015 = 0.002328 m = 2328 x 106 m

-6
Strain(e) = @ =388 x 1076
Pull exerted, P = 200 x 109x 388 x 106 xm/4 x 6.25 x 1074
= 38.092 kN
As per given information,
Length = L
Mass density = p
Modulus elasticity = E
Angular velocity = wrad/sec
®
D

F

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




4 Mechanical Engineering

Stress =

Strain =

ﬁ
dx

Changeinlength =

Total change inlength =

oL =

e Strength of Materials

L/2 Lizp(L 1(L 2
-[O ox = jo E(E_x)§(§+x o -dx
2 2 2 3 3
&f” NS N L
2E J0 4 2E | 8 24

pw? [3@ —1° ] _ pw?l®

2E| 24 | 12Ex2
2% pw?l3

12xEx?2

pw’l3

12E

Maximum stress induced the point, where F__ will be occur

L 1(L
F_pA( x)xu) =P (2 XJZ(Z x)u)
PA. oL
-2 4
Frax@tx=0
E . 2L2
Fo = WZX _Pp (’; Ans.
d=15m
cjpermissib\e = 150 MPa
Oinduced < Gpermissible
Eo-AT < 150
150 x 108 x 11 x 108 x AT < 150
AT £ 90.9°C
Required least temperature = 90.9°C Ans.
EEEN
[www.madeeasypuincations.org MRDE ERSH ©Copyrigh9




Shear Force and Bending
Moment

% Detailed Explanation

2 ;

Try Yourself Questions

T1 : Solution

9]
-

(i)
Taking moment about A
We get 8x4-8+5x4x6 = A,x8

= R, = 18kN
. R +R, = 8+5x4
= R, = 10kN
(ii) Let a section x - x at distance x from left support shear force at X - X
(a)ifx< 4
(SF)yx = 10kN
(b)ifx >4
(SF)yy = 10-8-5(x—-4)=22-5x
for(SF)yx = 0
22-5x = 0
22
X = 5 = 4.4 m
(BM), yatx = 4.4
M| _,, = 10x44-8-8x04-04x5x02
= 32.4kN-m

C@ Copyright mMRDE ERSYH www.madeeasypuincations.org)




6 Mechanical Engineering

(iii) Bending moment diagram:

(a)ifx <4
(BM),x

(b)ifx>4
(BM),
(BM)x - 40
(BM)x - 4.4

T2 : Solution

e Strength of Materials

10 x KN-m

(x—4
10x-8-8(x-4)-5x(x—-4)x 5 )

2
—%+22x—16

—5x 42

+22x4-16
32 kNm

2
OXE o4 4-16

32.4 KNm

40 kN-m

% q/unit length

P R, SFD

BMD

[www.madeeasypuincations.org
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SFD:
in AC portion : F_
in CD portion : F,

X

For F.
or X =

Fp=
in DB portion : F,
BMD :

in portion AC: M,

in portion CD : M_

in portion DB : M,

M =

max

Detailed Explanations of Try Yourself Questions : ESE + GATE 2025 7

gb —qu(c +0.5b) = ClTb[l —(c+0.5b)]

ql—b[a+b+c—c—g] = qb(a+9)

172

= R-qk-a)
0
/7o(c+0.5b)+a
R,-agb
= R,-qb
= R, x

2
- R1x—Q(x_a)

gb

gb
/

2
R,x-gb(x-a-0.5b)

(c+ O.5b){$(c +0.5b)+ a} - quZ{(c +0.5b) - 0.5/}

; (c+ O.5b){?(c +0.5b) + a} - qb{?(c +0.5b)+a-a- O.Sb}

[@ Copyright
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Deflection of Beams

% Detailed Explanation
of

Try Yourself Questions

"

T1 : Solution

X X
P ' i
X 1 1 X
v : |
A . B i QC
| <
| L/3 | L l
Ry=2 P
B 3 RC=T
| L/3 | L |
BMD A 5 c
PxL
3
Taking moment about C
L
= P x L+§ = RgxL
4P
= Ry = =
Rg = P+ AR,
P
= F?C = §
Strain energy for whole beam
U= U+ Ug

[www.madeeasypuincations.org MRDE ERSH © Copyrighg




MRBDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2025 9

2
E')c ax
jL/:a(P.x)2o’x JL 2

0 2FI 0 2E|

+
6EIx3% 9x6El
PZLS P2L3

3 + 3

33 x6xEl 3% x2F

From Castigliano’s thoerem,

5 _ 2P0 | ePC
A 3°x6El 3% x2El
8P 4P

27x6xEl 81

T2 : Solution

Net deflection at a point Bis zero,

MP _Fgx® _
2E/ 3E/
3M
o= 7%
3M
M
/\/IA— ?

T3 : Solution

T 160 kN
2m PA l I
l . R

Q

Let the axial load in the member PQis P
Deflection at Q due to load 160 kN at S
= Deflection at Sdue to 160 kN + Angle of deflection at Sdue to 160 kN x QS

~ (160)(2°  160(2° , 5x160x2°
= e toer %%t em Y
3
Deflection at Qdue toload P = Px(4) T
3EI

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




10 Mechanical Engineering e Strength of Materials

-+ Point Qis hinged, so there will be no net deflection point Q.
P x (4)° 5x160x 2°

3Er 6EI
= P = 50kN
EP
21 /
L : L B
A
I = 375x10%m*
L =05m
E = 200 GPa
, P
Stiffness of beam, k, =
ymax

M
77 diagram

Using moment area method:

Yg= VY4 = (A)_()1 +(A)_()H +(A)_()1H

L PL_ 2L PL 3L 1 PL
Vo = | XX |+ 5ot Lx— |+ X555 %
B 2 EI 3 2E| 2 2 2El

_ PP sPP ePP
Yo = BE T 4B T 12

(4+9+5)PL
- 12E]
18PL3
T 12E
, Px12E1\ 12xEl
Stiffness, k, = ( 18%p )— 180
12x200%x10° x375%107°
- 18x0.5°
k, = 400 MN/m

Lx

5L
3

)

MRDE ERSYH
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T5 : Solution

4
3
;=& __\2)

XX

o)
w12 16x64

5 _Pe PL
deflection — @ = 4 4
"

12 16x64

PL® x1024 1024P13

e )

1024P 3
6deflection = M?

Hence, option (b) is correct.

256a* “a4J (256 — 3n)E-a*

Detailed Explanations of Try Yourself Questions : ESE + GATE 2025 11
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Bending and Shear
Stresses in Beams

) Detailed Explanation

2 ;

Try Yourself Questions

T1 : Solution

Reactions, R, = E x 50 = @ kN
3 3
R, = 2 kN
3
50 kll\l =W
v
! £ | A B c D]
B S
i " AS
| < 500 mm —| T
i 1500 mm I
b=50m R1 R2
Wab

500 mm BMD 1000 mm
Bending moment is maximum when shear force is zero or changes sign i.e. at 500 mm from left support.
100 x 10°
Moy = Ry X 0.5= —————x05 = 16666.67 N-m
1 3 1 3
Moment of area I = —bh®=— x50 x(100)

12 12
4.1667 x 106 mm4

~
Il

[www.madeeasypuincations.org MRDE ERSH © Copyrighg




[ = 41667 x 100 m*
My _ 16666.67 x 0.05

Maximum stress (c,,,,) = 7 11667 x10°
G, o = 200N/mm?
_ wa’p?
Ye = BEIL

a=05mb=1mL=15m
2x10"" x 4.1667x107°

Detailed Explanations of Try Yourself Questions : ESE + GATE 2025 13

g - A KN.m?
10 !
= 833.34 kNm? —
Cross-Section
50x0.5° x ¥
Vo = oo X 2333x10°m=3.33mm

3x833.34x1.5

T2 : Solution

(i) I-section
| 300 l
20
_______ - - - = - 560
600
16
| +20

A = 2x30x2+56x1.6=209.6cm?

;- %x(56)3x(1.6)+2x|:%x30x23+30><2><292:|
= 124375.47 cm?

7 - [_1_ 124375.47

Iy 30

= 4145.85 cm?® = 41.4585 x 10° mm?3

(ii) Rectangular section

P = c = 0 o o = _2a_

(@ Copyright mRDE ERSY
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14 Mechanical Engineering e Strength of Materials MRDE ERSY

Aot ofs = 2a°=209.6
= a = 10.237cm
1 5 1 4
I = —(a)(2a)” = —(10.237)" x 8
(@)(2a)° = —(10.237)
= 7321.491cm?
I 7321.491
Z = L _7321.491 =715.1989 cm?® = 7.152 x10% mm3
Y 10.237
(i) Circular section
A = %D2 = 209.6
= D = 16.336cm ) B
T 4
1 64 3496.01cm
Z 1 _ 3496.01 428.013 o D
T Y (16.336/2) T U eem
= 428 x10°mm?3
Comparison:
Ratio of flexural strength = Zl—section : Zrect, Cls - Zcircular c/s

= 41.4585 x 10°:7.152 x 10°:4.28 x 10°
= 9.6865:1.671:1

T3 : Solution

J3
B VVL_2OX?X2\/§ B ZOX@XZ\/g

M —_— 2 =15x 103 N.m
4 4 -4
M 15x10°
Maximum compressive stress = — = ——— =0.625 MPa
Z  24x10
EEEE

[www.madeeasypuincations.org MRDE ERSH © Copyrighg




Torsion of Shafts

"

Detailed Explanation
of

Try Yourself Questions

T1 : Solution

(i) Trax =
(ii T, =
ae, =

0;-6, =

= 05 =

Towe 1112 8l
z, T 3 qd .

P 16d /—_/ S ):(
I iaiazs
2\ 21 A EENNE NN
T.dx Ay ,&\ o
,L I I I
Iz
0
[;(_)] et
21GJ\ 3 )], 6GJ 48GJ

(iii) Let point C at x = 1/2 from free end

(iv)

I —xdx

[ 21
5 GJ

oy ot (13_(1)3} 7t
6LGJ ' T BIGY 2) )~ 48GJ
12 20, ;

ledx:j )P [ﬁ} _ 2P
02GJ, 3 2GJ 8°GJL 5 1o 40GJ

C@ Copyright
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Principal Stresses and Strains

"

Detailed Explanation

of

Try Yourself Questions

T1 : Solution

Moment of area

Shear stress

Principal stress

o

= o =
GO0 =
= 12.07 N/mm2, 6 = 45°

G,

O,

T (1104 - 100%
32
4.5563 x 106 mm4

Tx55  1000x10° x55
45563%x10°  4.5563x10°
12.07 N/mm?

2
Ty sin 26
12.07 sin 26

—-12.07 N/mm?, 6 = 135°

0’s are with direction of torsion moment.

~12.07 Nimm”

12.07 Nimm’
7

l[(cx + cy)+ (Gx - cy)cos%] +1,

ysin26

12.07 N/mm”
(=04, 0)

G,

N\ _12.07 NImm’

-0, =1=12.07 MPa

-
N

[www.madeeasypuincations.org
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MRBDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2025 17

T2 : Solution

110 MPa

120 MPa 4—‘7—

9
100 MPa
160 MPa
—> 120 MPa
v
110 MPa
G, +0, G, -0, ,
Given: o, = 5 + > c0s26 +1,, Sin20
For principal plane,
2t
tan20 = —%—
(0,-0y)
2x120
@20 = {460+ 110)
8, = 20.816°
, = 110.816°
160-110 160+110 )
(0,)6-20816° = ( > )+( > )COS(ZX20.816)+1208II’](2X20.816)

205.623 N/mm? (tensile) = 6, (Major principal stress)

160—110)+(160+11O

(6.)0— 100816° = ( 5 )COS(2><110.816)+1208in(2><110.816)

2
o, = —155.623 N/mm? (compresive) = 6, (Minor principal stress)
Plane of zero normal stress.
T
o
: i 204 B0y %)
| 0 :o
El O | A 5
(65,0) | ! ) / /
1 I292
DY L2077 207
(o), TXy)C E

Radius of Mohr’s circle,

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




18 Mechanical Engineering e Strength of Materials MRDE ERSY

o RO ;(52 _ 205.623;155.623 _ 180.623 MPa

00" = 205.623 -180.623 = 25 MPa

cos™ (%) — cos™ 25 \_g0.044°
OF 180.623

0 =
20, = 180-82.044 + 2 x 20.816

¢, = 69.794° From x-face in CW direction
204 +207
B 2

®=0,+6

0, = 69.794 + 82.044

¢, = 151.838° From x-face in CW direction

T3 : Solution

According to problem, stress element will be

20 MPa
> 40 MPa
80 MPa 80 MPa
20 MPa
2 2
0,+0 6, -0 80+ 20 80-20
Principal stress, (04, 6,) = 5 yi\/( 5 y) +rfy = i\/( 5 ) +40°

= 50«50

= o, = 100MPa;c6,=0

Oy Mo, 100  0.25x0
E E 200000 200000
Length of major axis, I, = d+¢,d

= 100 + 5 x 10 x 100 = 100.05 mm

Major principal strain, g, = =5x107*

O, Moy . 0.25x100
E E 200000

Length of minor axis, I, = d+&,d
= 100-1.25 x 107* x 100 = 99.9875 mm

Minor principal strain, &, = =1.25x107*

[www.madeeasypuincations.org MRDE ERSH © Copyrighg




MRBDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2025 19

T4 : Solution

Shaft is subjected to only torsion. So, Mohr circle will be
Let tis maximum shear stress in shaft then,
G, = 0,=T1

| O1_Kop / \
Strain, £ £ \/ 5

Oy G4
4= — (1403
398107 = 105000( 3)
= 1 = 32.15MPa
' 3 T 3
= —1d° =-—x32.15x60
Torque, T 16T 6
= 1363366.63 Nmm
Power, P = Tw = 1363.37x2xnx%
= 114217.1Nm
T5 : Solution (b)
5 2000 Nm
My 1000 x10°% x 32 —
Bending stress atA, 6, = —=——-—-"—"—=47.16 MPa —
’ ) ! ™ 60° 1000N7

3
Tr _2000x10°x16 _ o1

J 7 x 603

Shear stress at A, t

2
Principal stress at A, (o4, 6,) = G—Zbi (%) +1°

2
47;6 N \/(47;6) +47.16% = 23.58+52.73

= c, 76.31 MPa; 6, = -29.15 MPa

6,-6, 76.31-(-29.15)
2 2

=52.73 MPa

Maximum shear stress at A =

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




Theories of Failure

% Detailed Explanation

2 ;

Try Yourself Questions

T1 : Solution

L = 120 mm M
Axial load, P = 90 kN '/:\T
Torsion, T = 72.0N.m £ I
Bending load, F = 1.75kN at free end B
6, = 267 MPa XII77%,
c)i/: = 50mm S~
FOS = 4
As per give condition critical point on the surface that ‘A’
6 ) . = F><L=F><L
max’/bending nditi'diz TXEX di2
2
a;
2
1.75x10° x120 _ 20.738
- nxtx50° ¢
P 9000 57.295
(Ouwia) = Tt~ mxB0xt 1t
T 27
2 nditxd?  md’t
d; /2
2x72x10° 18.334
T ax30%xt ¢
o, = (Gmax)bending+6axial
26.738 57.295 84.033
o = + =

x Tt t t

[www.madeeasypuincations.org MRDE ERSH © Copyrighg




Major principal stress,

(51 =
84.033 (84.033)2 (18.384)2
1 t t t
_ 84.033  86.009
% T t
170.043
01 = f
= FromMPST
o
< A
% = Fos
170.043 _ 267
= t R
= t > 2547 mm
Principal stress = p, 0.5p, 0
v = 0.30

Oy O, ? 2
—+ — | + ‘ny
2 2

Detailed Explanations of Try Yourself Questions : ESE + GATE 2025 21

(i) Maximum shear stress theory: The maximum shear is equal to half the difference between the
maximum and minimum principal stress and since the maximum shear in simple tension is equal to
the half of the tensile stress, so we have

Tmax

p-0

2
P

(ii)  Strain energy theory: Here one of principal stress has zero value

2
67 +05 ——06,0,
m

_[(91—903)_ _ %y
S Sra ey

_ S
T2
=0

-2
= cy

p? +(0.5p)*~ (2 x p x 0.5p x 0.30) = 6,

P2 + 0.25p2 - 0.3p?
0.95p2

0.97p

P

— 2
= (Syz
= (Sy
= 1030

(iii) Distortion energy theory:

6,2+0,2-0,0,
p? + (0.5p)*~p x 0.5p

0.75p2 =

0.866p
p

D9 a9 Q

= 1.15(5y
EEEN

[csy = failure stress in tension]

(@ Copyright
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Thick and Thin Cylinders and

Spheres

o

9

Detailed Explanation

of

Try Yourself Questions

T1 : Solution

[\

Given: P
D
G,V
For safety;
Using maximum principal stress theory
(Gmax)induced -
L)
2t
= t
= t

Alternate Solution:
Using maximum shear stress theory

Tallowable =

max

PD
4t

or t

Required thickness, t

500 atm = 49035 kPa = 49.035 MPa
100 mm
500 MPa, FOS =2

cjper

2

N
9.807 mm

10 mm

O~ 209 _jo5mpa

2FOS  2x2

TS (for this cylindrical pressure vessel)
125

FD = 49.035 x 100 =9.807mmsay 10 mm
500 500

10 mm Ans.

[www.madeeasypuincations.org
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Theory of Columns

% Detailed Explanation

‘ 7
Try Yourself Questions
. n2El
For both ends hinged P, = E
. 4r°El
For both ends fixed P, = 2
d—o = 1.25and ﬂ:0.8
di dO
Now if P is load for both ends hinged and P + 300 is load for both ends fixed
2 2
El
P-2= andP+300= 4EEL
L 2
2 2
weget, = 2EI +(300%x10°) = 4n2E|
L L
2
3”2EI = 300 x 103
L
3 I
— 300x10° x9 =0.1189 x 10~/ (.'.WheI’GKZi:O.BJ
3xm? x100%10° do
I=912x10"m*
Now I= g—4d§(1—k4) for hollow column.
T 4 4
—dy(1=Kk") = -7
a4 ol ) =9.12x 10
dy = 74.9mm
C@ Copyright mMRDE ERSYH www.madeeasypuincations.org)




24 Mechanical Engineering e Strength of Materials MmMBDE

T2 : Solution

w
1.6m | 0.8 m |
B c
——AV- ————————————————————————————— 0o-------- -(+— L -
2m
D
w
i 1.6m . 08m |
A TB c
FBD
FBD
2m
D
From euler equation,
.
Ginduced = AFOS
Foo _ _For
A — AFOS
2
nEl
F S min
7 (L) Fos
> 3 60x40°
n°x210%x10° X ———
Fon <
& (2000)2 »
N
Fgp < 165809.3539 N
By taking moment about ‘¢’
Wx24 = Fg,x0.8
We 165809.3539% 0.8
- 2.4
= 55.269 kN Ans.
EEEN
[www.madeeasypuincations.org MRDE ERSH ©Copyrighg
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