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1 a) A bar of rectangular cross section is subjected to an axial pull of 500 KN. Calculate its
thickness if the allowable tensile stress in the bar is 200 MPa.
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2a) Derive the Soderberg’s equation for fatigue loading.

b) A shaft of circular section is subjected to a turning moment that fluctuates between 800 kN-
m and 600 kN-m and also bending moment that fluctuates between +500 kN-m and -300 kN-
m. The material selected for the shaft has a stress value of 100 MPa at endurance limit and
shear stress value of 120 MPa at the yield point. Determine the diameter of the solid circular
shaft taking a value of 2.5 for the factor of safety. Surface factor, size factor and load factor
can be taken as 0.9, 0.85 and 1.0 respectively. Shear stress concentration factor is 1.8 and the
notch sensitivity is 0.95.

3. A cantilever beam of rectangular cross section has a span of 800 mm. The depth is 200 mm.
The free end of the beam is subjected to a transverse load that fluctuates 80 kN upward to 50
kN downward. It is made of steel having o;, = 550 MPa and o,,= 400 MPa. Find the width of

the section taking a factor of safety of 2.5. The size and surface factors are 0.8 and 0.85
respectively.
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Given:

Allowable tensile stress g,,,, = 200 MPa
Solution: 2 30 I P
At section A-A , there is a hole and at section § e W Faw] -65d |oF]
B-B, there is a notch. g 26 \\
To find: Thickness of the plate , h § 24 AN o=
Consider Section A- A: S 22 —
Axial Load: F = 500 kN = 500 x 10° N & 50 n
0 01 02 03 04 05 06
Width of the plate w = 220 mm dw
Diameter of the hole, d or a = 30 mm Ko™ 2= :Oron™ T
d a 30 & = 3 o
So—=—= K= 0.1364 m'mfa:pmornunlumﬁmf;umm
w w 0 d (cut-out) in ,.t:-on ("l.:e:p;f;aonz for .’Sul;sIComm-
ton,” Machine Design, Vol. 23, Nos. 210 7, 8]
from Fig. 4.5 (DHB), for — = 0.1364
w
stress concentration factor, K, = 2.65
F
o, = —
nom (W —d)h
500 x 10°
UnI;m = = (1)
(220 - 30)h
K - ama.t =S
()
Opnominal ¥ 30 N T ,r |
200 SAVNN .'=+ >F
2.65 = => £ H N I
Onom ‘§ 22 B \Q\&Q\
Cpom = 75.472 N/mm? f§ - \\’&;S\E
\'\:
2 14 -
From (1) 8 -
500 x 103 ®? 1% 005 010 015 020 025 030
P — = 75.472 -
(220 = 30)h o 2
" dh
O = —
h = 34.868 mm -

h = thickness of flat bar
FIGURE 422 Reproduced with permission. Stress-concents

Consider section B-B

r = 30 mm

d =w-2r=220-2(30) = 160 mm
¥ 30

— = —— =(.1875

d 160

D 220

— = ——=1.375

d 160

D
from Fig 4.22 (DDB)., corresponding to% = 0.1875 and 7 = 1.375,

K, =21
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200 2
- =>g¢0, = 9524 N/mm~

nom

(4 ST
Now, K, = —= => 2.1

GINII" O.IIMI"
Also,
F F
Cpom = X = n
500 x 10°
95.24 = ——88
h x 160
h = 32.81 mm

Thickness of the plate = 34.868 =~ 35 mm (Choose the larger value)
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d =500 mm

iven data: Cantilever of rectangular as cross section

[ =800 mm

800 A’i 80 kn
Frax =80 KN =80 % 10° N : S0
o
Foin = -50 kKN = -50 x 10° N x
(-ve because of opposite direction) > '4'_:
G, =550 MPa, o, =400 MPa b
1 1 Fig. 4.7
Assume endurance stress, 6_; = =0, = > x 550 = 275 MPa

Factor of safety, FOS = 2.5

Size factor, k, = 0.8

Surface factor, k, = 0.85

For bending loads, load factor, k=1

o = Gu = 25—(-)- = 220 M:Pa
ud S EeE D5
Oy _400 _ ;60 MPa

%= FOs 25



M,.C
For bendmg loads stress, 6 = I

For rectangular ¢/s, = C = > == =100
3
_ b _bR00) _ geeee. 67(6)
12 12
M € _ 64x10°x100 _ 9600
Omax = T T G66666.67(0) b
M, C _ ~40x10°x 100 _ —6000
Omin S T T 666666.67(0) b
9600 ( —6000)
i 800
Mean stress, ¢, = Omax*Omin __ b b _d
2 2 b
9600 _ ( ~6000 )
Ampht'ude stress, c,= Gmax ~ O min _ b b _ 7800
2 2 b
From Goodman'’s relation
Gz Oy

(ksq =ks=1 since not given)
1x7800 1800 _,
bx748  bx220

b=11246 ~ 113 mm

From Soderberg’s relation ks0, + % g
0.t Oy
1x7800 1800
i U
bx748 " bx160

b=11553 = 116 mm, Py



