Previous Exam Problems

A piping system transports a fluid and supports a vertical load of 9 kN and a horizontal load of
13 kN (acting in the +x direction) at flange A. The pipe has an outside diameter of D = 200 mm

and an inside diameter of d = 176 mm. Determine the principal stresses, the maximum shear
Stress at points H and K.

D =200 mm

Cross section.

Figure 1.
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Equivalent forces at the section that contains
points H and K.

15.6 kN-m ¥

8.45 kN-m

10.8 kN-m

Equivalent moments at the section that con-
tains points H and K.
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34.351 MPa

15.6 kN-m X

26,877 MPa

24.809 MPa

8.45 kN-m




The drill is jammed in the wall and is subjected to the torque and force shown in Fig. 1.
Determine the state of stress at points A and B on the cross section of drill bit, in back, at section

a—a.

400 mm

Sectiona —a

Figure 1.

Solution

Internal Loadings: Consider the equilibrium of the free-body diagram of the drill’s
right cut segment, Fig. a,

IF, =0 N—ISO(%)=D N =120N

. 3

XF, =0 150(3) -V, =0 V,=9%N
IM,=0,20-T=0 T=20N-m

IM, = 0; —150@)(0.4) + 150@)(0.125} + M. =0

M,=21N-m

Section Properties: The cross-sectional area, the moment of inertia about the z axis,
and the polar moment of inertia of the drill’s cross section are

A = 7(0.005%) = 257(107) m’

I, = =(0.005%) = 0.156257(10~) m*

4= 5

J == (0.005%) = 0.3125+(10"")m*

1]

Referring to Fig. b, 0, is
0,=0
Normal Stress: The normal stress is a combination of axial and bending stress. Thus,

=ﬂ_ M.y
A 1.

o

For point A, y = 0.005 m.Then

N 21(0.005
oy = ——120 0009 _ 51543 MPa = 215 MPa (C) Ans.

257(10°)  0.15625+(10"")




Shear Stress: The transverse shear stress developed at point A is

[(r“)uL ) V,04 .

It

The torsional shear stress developed at point A is

Te  20(0.005)
I P _ = 101.86 MP
(Gerla = 031257(10"7) ’
Thus,
{ I_”_)A =0 Ans.
=[] - e
A

The state of stress at point A is represented on the element shown in Fig. c.
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For Point B

Referring to Fig. b, Q is

_ . 4(0.005) [ ,

Qp=yA =— (l:}.l:}usf]} = 83.333(107)m?
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Normal Stress: The normal stress is a combination of axial and bending stress. Thus,
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For point B, y = 0. Then

—120

op=—————0=—1528MPa = 153MPa(C)  Ans.
! 25x(1079)



Shear Stress: The transverse shear stress developed at point B 1s
-0
V.0 90[33.333(1{1 )}

_ - - = 1.528 MP
{( ”)"L I+ 0.156257(107)(0.01) ’

The torsional shear stress developed at point B is

Te  20(0.005)
)| === ~ 101.86 MP
[( . )TL J 03125(107) :

Thus,

= 101.86 — 1.528 = 100.33 MPa = 100 MPa

The state of stress at point B is represented on the element shown in Fig. d.
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Ans,



(a)

Ans:
oy = 1.53 MPa (C), 7y = 100 MPa



