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1.

In an experiment involving the behaviour of a thin wire of 0.25mm diameter, a mass of
5 kg is suspended from the wire and a torque of 1.72 mNm is applied. Calculate the
in-plane principal stresses and the maximum shear stress for this case.

[Ans: a1 = 1250.5 MPa, g2 = -251.3 MPa, tmax = 751 MPa]

The applied loads cause two stresses to be acting on a plane stress element

on the surface of the wire. An axial stress, which can be calculated with o, = %

and a torsional shear stress from the applied torque which can be determined

TR nD*
byTyx —TWhere] = °

The mass leads to an axial force of F = mg = 5 X 9.81 = 49.05 N, which in turn

. F F 49.05
leads to an axial stressof 0, === — = ——————=999.2 MPa
Y A  war?2  mwx(0.125x1073)2
TR  32x1.72x1073x0.125x1073
Tyx =77 = mx(0.25x10-3)* g

Therefore, the plane stress element on the surface of the wire looks like:

I 0,= 999.2 MPa

—_—
——
T, = 560.6 MPa l v

X
Oy

The Mohr’s circle for this problem therefore looks like:
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v

(O-Ys Tyx)
= (999.2,560)

(not to scale)
So one principal stress will be positive, the other negative.

Oxtoy

Recalling the equations for Mohr’s circle, the centre is given by, C = >

_ 2
while the radius is R = J (222) + 12,

The in-plane principal stresses can then be determined as ¢; = C + R and
0, = C — R while the maximum in-plane shear stress 7,,,,, = R.

B 2
For this case, C = 9"% = 499.6 MPa, R = J( 929'2) +560.62 = 751 MPa
Giving:
o, = C + R = 1250.5 MPa,
o, = C — R = -251.3 MPa,
Tax = R = 751 MPa

2. A thin-walled cylindrical tank is subjected to an internal pressure of 300 kPa and a
torsional moment of 15kNm. The outer radius of the tank is 250 mm and the wall
thickness is 1 mm. Calculate
i) the in-plane principal stresses and the maximum in-plane shear stress
ii) the overall maximum shear stress for the stress system
[Ans: i) o1 = 98.95 MPa, g2 = 13.55 MPa, Tmax = 42.7 MPa;

ii) Tmax = 49.48 MPa]

For a thin-walled cylinder, the internal pressure leads to a hoop and axial stress
PR

a . . R .
which can be determined using gy = - and g, = ’;—t respectively, we can make

the assumption that g, = 0. The torque results in a torsional shear stress, 1,4 =
| — T (p4_ pt
T where | = = (Dg — D)
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300%x10%%0.25
1x10~3

= 37.5 x 10° Pa = 37.5 MPa, 1,, = & = 32X15X107x025 _ 44

J x(0.54—0.498%)

Calculating these values, g5 = =75 x 108 Pa = 75 MPa,

. 300x103x0.25
Z 7 2x1x1073

x 10° Pa = 38.4 MPa

The plane stress element on the surface of the cylinder looks like:

] 0,=37.5 MPa

— —

0,=75MPa

z

L,

T,5=38.4 MPa l

Which gives a Mohr’s circle for this plane of:

(Uza 27249)
ve (37.5,-38.4)

G, C o1 o

(04 12)
__________ (75, 38.4)

+vey

(not to scale)

Allowing us to calculate the values of the in-plane principal stresses and maximum
shear stress.

75+3 .5

For this case, C = = 56.25 MPa,

— 2
R = \/(%) + 3842 =/18.752 + 38.4% = 42.7 MPa

Giving the results for the in-plane values as:
o, =C+ R =98.95 MPa,
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o, = C — R =13.55 MPa,
Tmax = R =.42.7 MPa

To determine the overall maximum shear stress for the stress system, it is
important to consider the third principal stress, o3, which in this case is g, = 0.

We can then draw the Mohr’s circle including all of the three planes as below:

-ve

63 (=0,=0) 6,=13.55MPa G
o1 =98.95 MPa

+ve

v Tmax

(not to scale)

And the maximum shear stress can be calculated by:
0,—03 98.95-0

Tmax ==, =7, = 49.48 MPa

3. A helicopter rotor shaft, 50mm in diameter, transmits a torque of 2.4 kNm and an
upward tensile lifting force of 125 kN. Determine the maximum tensile stress,
maximum compressive stress and maximum shear stress in the shaft.

[Ans: g1 = 134.6 MPa, 0, = -71 MPa, Tmax = 102.8 MPa]

The applied loads cause two stresses to be acting on a plane stress element
on the surface of the wire. An axial stress, which can be calculated with o, = g
and a torsional shear stress from the applied torque which can be determined

TR wD*
by 7y —TWhere] =4 -

The axial force of 125 kN leads to an axial stress of o, = % =L - 125000

wr2  mx(50x1073)2
= 63.66 MPa

TR _ 32Xx2400X25%x1073

=— =97.8 MPa

T
VX J x(50x1073)4
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This gives us the following stress-state on a plane stress element on the shaft
surface:

I 0, =63.66 MPa

: l T,4=97.8 MPa
g

For this case, C = 0+623'66 = 31.8 MPa,

~ 2
R = \/(0 623'66) +97.82 =+/—31.82 + 97.8%2 = 102.8 MPa

Giving the results for the in-plane values as:
0, =C+ R =_134.6 MPa,

o, =C—R=-71 MPa,

Tmax = R =_102.8 MPa

4. A generator shaft of hollow circular cross-section is subjected to a torque of 25 kNm
and a compressive load of 900 kN. The outer and inner diameters of the shaft are 200
mm and 160 mm respectively. Determine the in-plane principal stresses and maximum
shear stress.

[Ans: g1 = 8.3 MPa, 02 = -87.9 MPa, tmax = 48.1 MPa]

The applied loads cause two stresses to be acting on a plane stress element

on the surface of the wire. An axial stress, which can be calculated with o, = %

and a torsional shear stress from the applied torque which can be determined
TR
by 7, = — where ] = % (DE - D

The axial force of -900 kN leads to an axial stress of g, = fz% =
A w(ro—"i)
—900000

x(0.12—0.082)

=-79.6 MPa

TR 32X25000x%0.1
Ty = % = 322NV - 57 MPa

] wx(0.24-0.16%)
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This gives us the following stress-state on a plane stress element on the shaft
surface:

v

, Tny=27 MPa

-79.6 MPa

Q
I

-79.6 _

For this case, C = — = -39.8 MPa,

_ 2
R = \/( 729.6) + 272 =+/—=39.82 + 272 = 48.1 MPa

Giving the results for the in-plane values as:
0, =C+ R =38.3 MPa,

o, =C—R =-87.9 MPa,

Tmax = R =48.1 MPa

5. For the purpose of analysis, a segment of a crankshaft in a vehicle is presented as
shown in Figure Q5. The load P = 1 kN, and the dimensions are b1 = 80 mm, b2 =
120 mm and b3 = 40mm. The diameter of the shaft is d = 20 mm. Determine the
maximum tensile, compressive and shear stresses at point A, located on the surface
of the shaft at the z-axis.

[Ans: g1 = 31.6 MPa, 02 = -184.6 MPa, Tnax = 108.1 MPa ]
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Figure Q5

The load P causes bending and torsion at point A.
The bending moment M can be calculated by:

M = P(by + b3) =1x(0.12) =0.12 kNm = 120 Nm
The torque can be calculated by:
T =Pb, =1x%x0.12=0.12 kNm =120 Nm

The bending moment causes a compressive stress at A which can be
. M d L D*
calculated using ¢ = =* where y = ~and | is given by I = *— so:

64My  64%120%0.01
o= =
D% X0.024

=153 x 108 Pa = 153 MPa

The torque causes a shear stress at A which can be calculated using 7 = ?

where r = % and J is given by | = ”3—1)24 So:

Ty =0 = 22000 = 76.4 x 10° Pa = 76.4 MPa

Ji x0.024

Giving a stress state of:
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>

—l C—
o, o,=-153 MPa
< Txy =76.4 MPa
y

L,

Which leads to a Mohr’s circle:

-ve

(0,-76.4)

o) C \0'1 o

(-153,76.4)

(not to scale)

For this case, C = %53 = -76.5 MPa,

B 2
R= \/(1753) +76.42 =+/—76.52 + 76.42 = 108.1 MPa

Giving the results for the in-plane values as:
0, =C+ R =231.6 MPa,

o, =C—R=-184.6 MPa,

Tmax = R =_108.1 MPa



