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Problem 2

Find the maximum stress induced in the following cases taking stress concentration into
account: 1. A rectangular plate 60 mm x10 mm with a hole 12 diameter as shown in
Figure (a) and subjected to a tensile load of 12 KN. 2. A stepped shaft as shown in Figure
(b) and carrying a tensile load of 12 kN.

T / 5: + F=5mm
'flﬂ min _4_ .: 19 N | D=3530mm |* % 17 kN
- + ]Emm/ —_—- -~ — d=25 mm*—»
12kN | T { 12kN % |
/ ¢ %
| i
10 mm —i-' |—1—

(a) (b)

Solution

Casel. b=60mm;t=10mm;d=12mm ;W =12 kN =12 x 103 N We know that
cross-sectional area of the plate,

A =(b—d) t=(60-12) 10 = 480 mm?

3
Nominal stress = E = 12x10 =25 N/mm? = 25 MPa

A 480

Ratio of diameter of hole to width of plate,
4_12 ‘l} 2
b 60
From Table 1, we find that for d / b = 0.2, theoretical stress concentration factor, K;= 2.5
~ Maximum stress = K; x Nominal stress = 2.5 x 25 = 62.5 MPa
Case 2.

D=50mm;d=25mm;r=5mm;W=12 kN = 12 x 103 N We know that cross-
sectional area for the stepped shaft,

Al-Mustagbal University College 1 http://www.mustagbal-college.edu.ig/


mailto:LuayHashemAbbud@mustaqbal-college.edu.iq

Class: 3"
Subject: Mechanical Engineering Design
Lecturer: Luay Hashem Abbud
E-mail: LuayHashemAbbud@mustagbal-college.edu.ig

y® T 5
Ad=—x d* == (25]2 =491 mm"~
4 4
Nomuinal sfress = E = % =244 N/mm’ = 24.4 MPa
A

Ratio of maximum diameter to minimum diameter,
D/d =50/25 =2

Ratio of radius of fillet to minimum diameter,
r/d=5/25=0.2

From Table 3, we find that for D/d = 2 and r/d = 0.2, theoretical stress concentration
factor,

K =1.64.
~ Maximum stress = K; x Nominal stress = 1.64 x 24.4 = 40 MPa

Fatigue Stress Concentration Factor

_ Endurance linut without stress concentration

7 Endurance limit with stress concentration

Combined Steady and Variable Stress

The failure points from fatigue tests made with different steels and combinations of mean
and variable stresses are plotted in Figure as functions of variable stress (c,) and mean

stress (o).

There are several ways in which problems involving this combination of stresses may be
solved, but the following are important from the subject point of view :

1. Gerber method, 2. Goodman method, and 3. Soderberg method.
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Gerber Method for Combination of Stresses

The relationship between variable stress (o,) and mean stress (o) for axial and bending
loading for ductile materials are shown in Figure. The point ¢, represents the fatigue
strength corresponding to the case of complete reversal (6, = 0) and the point o,
represents the static ultimate strength corresponding to o, = 0.

2
1 [ﬁ,,, )‘
= ——|—1 F.S.
% =%|Fs. \g,
2

1 g, | a,
or —_— = [il FS + X
Fs. \o, o,

Where F.S. = Factor of safety,
om = Mean stress (tensile or compressive),
oy = Ultimate stress (tensile or compressive), and
o. = Endurance limit for reversal loading.
Considering the fatigue stress concentration factor (Kf), the equation may be written as

: ) ,
1 — [ﬁ} FS + M
F.5 Oy O,
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Goodman Method for Combination of Stresses

A straight line connecting the endurance limit (ce) and the ultimate strength (cu), as
shown by line AB in Figure, follows the suggestion of Goodman. A Goodman line is used
when the design is based on ultimate strength and may be used for ductile or brittle
materials.

Goodman line

T (Failure stress line)
E Safe stress line
i3

E

L4

= o

§ o R—————

3 FS.

B
i | Tu
|"'_ . |
FS.
—— Mean stress (o, ) ——»
Now from similar triangles COD and PQD,
PO OD 0D-00 . o0g
= = ~ =1-— (- oD=0D-0
co oD oD oD e 2
* Gv —_ 1 _ ﬁm
g,/ FS. g,/ F.S.
1
G‘_:ﬁe I_L :Ue __G_m
FS. o,/ F.S. FS o,
1 o, G,
or —— ="+
Fs o, G,
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1 _Um_l_ﬁl’fo
FS @O 4]

L e

Where F.S. = Factor of safety,
om = Mean stress,
oy = Ultimate stress,
oy = Variable stress,
o. = Endurance limit for reversed loading, and
K¢ = Fatigue stress concentration factor.

Considering the load factor, surface finish factor and size factor, the equation may be
written as

I oy, + G"fo _Um+ ﬁ,,:fo
F.S. GH’ Ugb X K__mr X K_g‘ GH U-E X Kb x K.ﬂﬂ' * K-ﬂ
Um + Gv X Kf ] )
6, O,XK_, XK_ A oy=0,xK and K, =1)

Ky, = Load factor for reversed bending load,
Ksur = Surface finish factor, and
K, = Size factor.

Note: Here we have assumed the same factor of safety (F.S.) for the ultimate tensile
strength (o) and endurance limit (o). In case the factor of safety relating to both these
stresses is different, then the following relation may be used

Oy —1— Om
O/ (F.5), Oy ! (F5)y

(F.S.)e = Factor of safety relating to endurance limit, and

(F.S.), = Factor of safety relating to ultimate tensile strength.
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Thus for brittle materials, the equation may be written as

F3s. Oy Ogp * Ksm' * K.r:

1 _ﬁmKKr_'_ G‘Ffo

FS GEE Uﬂﬂ' # Kﬂﬂ' * KSI

-

1 _GmXKrJr {vaif

__(For ductile materials)

FS G!E Uﬂﬂ A K.EH']' A KE__

_..(For brittle materials)

Similarly, for reversed torsional or shear loading,

= m v * Kﬁ ...(For ductile materials)
FS 1, t,xK,,xK_
1 _Tm KH + Ly Kﬁ

FS. 1, T, X Koy X K.,

...(For brittle materials)

Where suffix ‘s’ denotes for shear. For reversed torsional or shear loading, the values of

ultimate shear strength (1) and endurance shear strength (1) may be taken as follows:

Tw=0.80y;and 1. = 0.8 o,

Soderberg Method for Combination of Stresses

A straight line connecting the endurance limit (c.) and the yield strength (c,), as shown by
the line AB in Figure, follows the suggestion of Soderberg line. This line is used when the

design is based on yield strength.
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Now from similar triangles COD and PQD,

PO QD OD-0Q
co ©OD = OD
92
oD
(> QD = 0D -0Q)

L9 —1— O
o,/ FS. o,/FS.
a ] 1 a
or o, =——|1- m =0, — -2
FS| o©,/Fs FS. o,
1 _Ouw 0y
F5 © Y

For machine parts subjected to fatigue loading, the fatigue stress concentration factor (Ky)

should be applied to only variable stress (o).

o, X K¢

FS. o, o,
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Considering the load factor, surface finish factor and size factor

1 L4 Oy % Kf
F.S U_‘I' O.p X K.s:ur X Ks:

Since o¢, = 0 X K, and K, = 1 for reversed bending load, therefore o, = o, may be
substituted in the above equation.

When a machine component is subjected to reversed axial loading

1 o, o, x K,
Gﬂ-ﬂ » KEEF * K.':.'

When a machine component is subjected to reversed shear loading

F§ 1, t,xK  =xK_
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Problem 3

A machine component is subjected to a flexural stress which fluctuates between + 300
MN/m2 and — 150 MN/m2. Determine the value of minimum ultimate strength according
to 1. Gerber relation; 2. Modified Goodman relation; and 3. Soderberg relation. Take yield
strength = 0.55 Ultimate strength; Endurance strength = 0.5 Ultimate strength; and factor
of safety = 2.

Solution
01 =300 MN/m2; 6, == 150 MN/m2 ; 6y =0.550U;ce=0.50u; F.S. =2
Let o, = Minimum ultimate strength in MN/m2.

We know that the mean or average stress,

+ 300 + (— 150
g, = - % _ ( ) — 75 MN/m
- 300 — (- 150
6,=2"% _ C150) _ 555 vnm?
2 2
1. According to Gerber relation
2
L — ﬁ F5 + ﬁ
F'_S GH‘ UE
1 _(?5]2 5, 225 _11250 450 11250 +450 g,
2 o, 0.50, (6,)° O (©,)
(0,)? =22 500 +900 G,
or (6,)*—900 6, —22 500 = 0
900 + J(gm}f +4X1x22500 900 + 9487
Ou = 2x1 a 2
= 92435 MN/m? Ans. - (Taking +ve sign)

2. According to modified Goodman relation

1 Op

O,
= — 4+ —
F

G g

N [

S.
1 75 225 525
2

o, 050, O,
g =2 % 525=1050 MN/m?

i
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3. According to Soderberg relation

1 _Ow O
FS o, o,

1 75, 255 _ 58636
2 0550, 050, O,

G, = 2 x 586.36 = 1172.72 MN/m?
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