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420 CHAPTER 8 COMBINED LOADINGS

EXAMPLE | 8.7

* The solid rod shown in Fig. 8-8a has a radius of 7.5 mm. If it is
subjected to the force of 500 N, determine the state of stress at point A.

SOLUTION

Internal Loadings. The rod is sectioned
through point A. Using the free-body
diagram of segment AB, Fig. 8-8b, the
resultant internal loadings are determined
- from the equations of equilibrium. Verify
these results. In order to better “visualize”
the stress distributions due to these
y loadings, we can copsider the equal but
opposite resultants adting on segment AC,
Fig. 8-8c.
Stress Components.

(a) Normal Force. The normal-stress distri-
bution is shown in Fig. 8-8d. For point A,
we have

P 500 N

@A)y =ZA= (75 mm) - 283 N/mm? = 2.83 MPa

Bending Moment. For the moment, ¢ = 7.5 mm, so the
normal stress at point A, Fig. 88e, is

Mc 70 000 N-mm(7.5 mm)
@4y ="T = 7 [I2(7.5 mm)’]

®) =211.3 N/mm? = 211.3 MPa

Superposition. When the above results are superimposed, it is seen
70 000 N-mm R that an element of material at A is subjected to
: the normal stress

(04)y = 2.83 Mpa = 211.3 MPa = 214.1 MPa '
' Ans:

2.83 MPa

Normal force Bending moment
(500 N) (70 000 N-mm)
(©) (d) (e)
Fig. 8-8




8.2 STATE OF STRESS CAUSED BY COMBINED LOADINGS

'EXAMPLE |8.8

= ﬁe solid rod shown in Fig. 8-9a has a radius of 7.5 mm. If it is subjected
o the force of 800 N, determine the state of stress at point A.

SOLUTION
Internal Loadings. The rod is sectioned through
point A. Using the free-body diagram of segment AB,
Fig. 8-9b, the resultant internal loadings are
determined from the six equations of
equilibrium. Verify these results. The equal
but opposite resultants are shown acting on
segment AC, Fig. 8-9c.

Stress Components.

Shear Force. The shear-stress distribution is shown in
Fig. 8-9d. For point A, Q is determined from the shaded semi-
circular area. Using the table on the inside front cover, we have

4(7.5mm)|1
Q=yA = A 5 m(0.75 mm)?| = 281.25 mm?>
so that
YO 800 N(281.25 mm?)
(Tyda="p = 800 N (140 mm) = 112 000 N-mm

[37(7.5 mm)*]2(7.5 mm)

= 6.04 N/'mm? = 6.04 MPa 800N (100 mm) = 80 000 N- mm)@ C

,eﬁnding Moment. Since point A lies on the neutral axis, Fig. 8-9e,
‘“the normal stress is
se i,; £ O'A = 0
Torque Atpoint A,pgq = ¢ = 7.5 mm Flg 8-9f. Thus the shear stress is
Tc 112000 N-mm (7.5 mm)

.= T [e(5mm)] 1690 N/mm’=169.0 MPa

' Shperposition. Here the element of material at A is subjected only to
a shear stress component, where

Ty.)a = 6.04 MPa + 169.0 MPa = 175.0 MPa Ans.
yz

80 000 N-mm

%169.0 MPa

Shear force Bending moment Torsional moment
(800 N) (80 000 N-mm) (112 000 N-mm)

© (d) (e) ®
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I, = i5bh*
1
1y= 7hb®
1
A = >bh
T
» X
_L 2 = o I = _l_bh3
3 x= 36
I—_ b A___'T 3h
Triangular area
a— A =Jha+b)
ks L
1(2a+b
P—- b -———*T 3\a : b h
Trapezoidal area
b4 w2 e
A=
Ar 1.4
In I, = gnr
/x I= 4t
y =8
Semicircular area
I= %nr“ !
L= %nr"

Circular area

Exparabolic area
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