A machine element is subjected to the following stresses 6, = 60 MPa, 6, = 45 MPe,

7,, = 30 MPa. Find the factor of safety i it s made of C45 steal having yield stres as 353 MPa, using

the following theories of failure.
(i) Maximum principal stress theory,

(1i) Maximum shear stress theory,
(iii)Von Misses and Hencky ‘s Theory



o, = 60 MPa, o, = 45 MPa, Tuw = 30 MPa yicld stress, o, = 353 MPa

Poisson ratio o = 0.3
() According to maximum pPrincipal stress or Rankine's

O - % - [(c, to )+ o, ~-a,) + 41'5,:]

o % - [(eo + 45) + J(60— 35)7 + 4(30)’] = 83.42 MPa

Ta = $- 396 ™M Pa .
= 423

theory of equivalent stress

sl
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- R s = —. o
o, 5342

() mwmmmﬂmwwswwmm
Zax -;- J(o, —c,?jitf'

o, = Jo.—0,)’+ 417, (-.- Tar 222

= (60 — 45)" + 4(30)° = 61.85 MPa

- FOS = -2-‘-‘- - 353/61.85 = 571
L 3




Find the diameter of a rod subjected to.a bending moment of 3 kNm and a twisting
moment of 1.8 kKN according to the following theories of failure, taking normal yield stress as
420 MPa and factor of safety as

i) Normalstress theory, (i) - Shear stress theory.



Given data: Bending moment, M, = 3 kNm =3 x 10° N-mm
Twisting moment, M, = 1.8 kNm = 1.8 x 10° N-mm
Yield stress, 0, =420 MPa FOS =3

9)
v =49 _ 140 MPa
FOS 3

Allowable stress, 6 = ¢, =

6 6
Bending stress, G = M,-C _ 3 x10"xd /2 _ 30.56 x 10

I (nd* /64) d°
3056 x10°
O = 3 = Gx
d
8x10°xd/2 9167 x10°
Shear stress, T = i e P =Ty

J (nd"/32) 3



(i) According to maximum normal stress theory,

1
%™ 5 [(ox+ o, + ‘/(ox -5,) +41§y}

(Here 6, = 0, no stress in LIr direction)

6 6 \2 6 \2
113056 %10 30.56 x10 9167 x 10
140 = — + +4
2 d° 4> d>
d = 61.834 mm

(i) According to maximum shear stress theory

2 2
g, = J(ox—cy) +47y,

6\ 62
140=\/[30.56x10 J +4(9.167x10 ]

d’ 4°
d = 63.376 mm

- Recommended diameter, d = 63.376 = 64 mm. (Take bigger one always).



A stressed element is loaded as shownin Fig.  Determine the following;

(i) Von-Mises stress,
i
(1)) Maximum normal stress,
(iv) Octahedral shear stress.

Maximum shear stress, 100 MPa

150 MPa 150 MPa



Arranging in descending order 150 =150 > -100
G, = 150 MPa,

o, =150 MPa and o5 = -100 MPa (compressive)
(i) Von-Mises stress

e J(Gl- 6:)’ +(02—063)  +(03—01)°
‘ 2

_ /(150 —150)% + (150 + 100)* + (— 100 — 150)?

> = 250 MPa
(ii) Maximum shear stress
Typ = c:—62 _ 150—-150 -0
- 2
g 62‘_63 =150_(—100) =.125 MPa
2 2
T3 = 01503 = 150—5—100) = 125 MPa

Thax = 125 MPa (max of these 3 values)
(iii) Maxdimum normal stress
G, > 02 > O3
then Cmax = O1 = 150 MPa.
(iv) Octahedral shear stress

i §
.= 3 \/(01 - 0'2)2"' (o, — 0'3)2"' (o3 — 01)2

= % J(150 —150) + (150 — 100)? + (—100 — 150)> = 117.85 MPa.
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