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SECTION A
1.
ad b3 a’b
E. u=>~P (E + a + G_])
[2 marks]
SOLUTION Q1
U adp? 4 b3Pp2 N a’bp?
~ BEI  6El 4G
Differentiating with respect to load, P, gives:
_aU_P a3 N b3 +aZb
“=9p = " \aE1 " 3E1 " 2¢)
2.
B. ()atx=0,y=0, (i) atx=0, 2=0, (ii)atx =L, y=08& (iv) atx =L, =0
[2 marks]
3.
E No
[2 marks]
SOLUTION Q3
Behaviour is assumed to be all elastic and therefore:
M, oy
Iy

where M,, is the moment required to cause yielding.
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First yield will occuraty = + >

3 3
. X(%) 207x<200x125)

_ 12
yETy d 100
2

, i.e. at the top and bottom edges:

= 134,765,625 Nmm = 134.77 KkNm

2

Since M < M,, yielding does not occur.

4.
C. 107.2 mm
[2 marks]
SOLUTION Q4
2" moment of area of a solid square cross-section:
b2t
12 12
where b = 2aandd =a
~a= Y6l
Substituting in the minimum required 2" moment of area:
Amin = ‘{/6 X 22,000,000 = 107.2 mm
5.
C. The Soberberg line is a better option than the Goodman line or the Gerber curve
[2 marks]
SOLUTION Q5

The figure below shows that at an intermediate alternating stress, the corresponding Soderberg mean stress is less
that the corresponding Goodman mean stress. The Soderberg line is therefore more conservative than the Goodman
line.
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( (s )
Gerber parabola: S, =S,/ 1-| =2 |
| ess)
LR J
: (. S,
modified Goodman: S, = Ss{ 1- S—’"
N u

i
J
S

.
. (
Soderbergline: S, = Se; 1 —S—"')
\ y

|
|
1 S
| Sy Su =
|
Soderberg Goodman
mean stress mean stress
6.
3 —2\2 —2\3
C. y:l(RAx 4 Molx=2)" _ Polx=3) +Ax+B)
EI\ 12 6
SOLUTION Q6
dZy RA MO 0
E1W=?X+?(X—2) —Po(x—3)
Integrating this gives:
dy Rux? M, {(x—2) P(x—3)?
El—y — A o( ) _ o( ) +4
dx 4 3 2
Integrating again gives:
Rux3 My(x —2)> Py(x—3)3
Ely = - A B
Y=12 6 6 AT
Rearranging this gives:
1 [Rux® M, (x—2)* P, (x—3)3
=— - A B
Y EI< 12 77 6 6 AT

2021-2022 Exam Solutions



Department of Mechanical, Materials & Manufacturing Engineering r University of
MMME2053 — Mechanics of Solids f_ S Nottingham

UK [ CHINA | MALAYSIA

A. Kinematic hardening
[2 marks]
8.
L T?
D. U= fO 2]—6dS
9.
B. 29.2 kN
[2 marks]
SOLUTION Q9
For a fixed-fixed strut under compression:
4m?E]
crit = L—z
Substituting in the values for E,L,b & d:
x 203
4 x 2% % 210,000 X (%)
= = 29,233.6 N
27502
= 29.2 kN
10.
B. elastic-perfectly-plastic
[2 marks]
11.
D. no stress
[2 marks]
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12.

B. ductile material
[2 marks]
13.
A. 140 kPa
[2 marks]
SOLUTION Q13
O =Tpz =Tpg =0
PR
Jg = ‘
_ PR
22t
Both gy and o, are tensile stress.
Maximum in-plane tensile stress
PR
1= 09 =
so:
Py = AL TMPaX2Zmm _ o i Mpa = 140 kP
ma = T T 00mm 4T a
Maximum shear stress:
Tmax = R = (0-6 _O-Z)/Z =E
so:
p _ ATypget 4 X 2MPa X 2mm 0.16MPa = 160 kP
max =T T T 100mm 4T a
When P = B, = 0.16MPa:
PR 0.16MPa x 100mm
g, =0g=—= = 8 MPa
t 2mm
which is greater than the allowable tensile stress of 7 MPa, so P = B4, = 0.14 MPa = 140 KkPa.
14.
C. 5.0 MPa
[2 marks]
SOLUTION Q14
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03 =0 =Tpy; =Tpg =0

PR 100kPa x 100mm

Both gy and o, are tensile stress.

So the Tresca equivalent stress on the outer surface is:

15.

16.

SOLUTION Q16

where:

17.

18.
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= =— =5MP
91 = %% t 2mm 4
o PR _ 100kPa X 100mm — 25 MP
2% T T 2xzmm Y8
oy, =0, —03 = 5MPa

C. one half of

[2 marks]
1 -1
e 233x10°| ]
-1 1

[2 marks]

Tk -k

AXE 0.04m x 0.05m x 70 X 10° N/m? 8
= = =2.33 X10°N/m
L 0.6m
A A

[2 marks]

A. 18.75 MPa
[2 marks]
6
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SOLUTION Q18

The maximum shear stress at the neutral axis is given by:

Ay 25000 x (5—0—0) x40 x (22 4 0) x &
_ 24y 2 2 2 _
T= = = 18.75 MPa
Iz 40 x 503 % 40
12
19.
C. 32.8 MPa
[2 marks]
SOLUTION Q19
For rotating disc, we have:
B 3+v .,
oy — 2T Tg pwr
A+ B 1+3v
Og = 2 3 pwer

Considering boundary conditions. At r = 0.10 m (inner radius) and r = 0.45 m (outer radius), g, = 0. So we have:
B 34025 2m\?

A— - X 7200 % (3000 x —) % 0.102 =0
0.102 8 ( 60)
A B 3+025 7200 x (3000 2m)* 0.452 =0
— — X X X — X 0. =
0.452 8 ( 60)

Solving the equations, we can find A = 61345757.8 and B = 584589.0

So the hoop stress at the external diameter (r = 0.45 m) can be calculated as:

B 1+3v .,
og = A+ 27 g pw-r
613457578 + o200 _1+5 X025 2500 x (3000 x 22 2 0.452
= . - X X xX—] X0
0.452 8 ( 60)

= 32754748.5 Pa = 32.75 MPa

20.
A. Zero

[2 marks]
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SECTION B
21.
(a)
Lame’s equations:
B
gy = A— T'_Z
Jg = A+ T_z

[1 mark]

Considering boundary conditions:

D; . . . . . . . .
Atr = ?‘, 0y is equal to the maximum direct stress (the highest hoop stress will occur at the internal radius), i.e.

B

09 = 250MPa = A + o1m)? (1.1)
[3 marks]

Alsoatr =2 g, = —p; = —80MPa = A — — (1.2)

soatr =—, 0, = —p; = a= CETSE .

[2 marks]

Andatr=&,ar=0=A—L2 (2.3)

2 )
2

[2 marks]

To find out the minimum possible external diameter D,, we need to determine A and B first.

Solving the two Equations of 1.1 and 1.2, we can find A = 85 MPa, B = 1.65 MN.
[2 marks]

Inserting A and B values into Equation 1.3, we can find the minimum possible external diameter is:

D, =2 5_ 0.279
0o=2|7=0. m
and the minimum possible wall thickness required is:
D,—D; 0.279-0.2
T = = m=0.0395m
2 2

[2 marks]

(b)

2021-2022 Exam Solutions 8



Department of Mechanical, Materials & Manufacturing Engineering
MMME2053 — Mechanics of Solids

— . D, B
Considering boundary conditions, at r = 7", or=0,=0,andgy = A+ =

. 1 g u . . . .
Also recalling g9 = E(O'g —v(o, + az)) = ?‘9 =2 where u is the increase in radius.

D
Therefore, atr = >

ogr 09D, B \D, 1.65 0.279
u=—"="2"2-14 - |=2=|85+ .
E  2E D2 | 2E 0.279\2 | 2 x 70,000
() =7)

so the increase in outer diameter is 2u = 0. 677 mm.
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[2 marks]

[2 marks]

[2 marks]

[2 marks]



Department of Mechanical, Materials & Manufacturing Engineering r University of
MMME2053 — Mechanics of Solids f_ S Nottingham

UK [ CHINA | MALAYSIA

22.

(a)

Position of Centroid, C

20 C [
y
|

Total area,

A = (30 x 10), + (10 X 10), + (20 x 10), = 600 mm?

[1 mark]
Taking moments about YY:
Ay = (30 X 10 x 25), + (10 X 10 X 15), + (20 X 10 X 5),.
~y=16.67 mm
[2 marks]
Similarly, taking moments about XX:
AX = (30 x 10 x 15), + (10 x 10 x 15);, + (20 x 10 x 20),
~ X =16.67 mm
[2 marks]

(b)
Principal 2" Moments of Area

Using the Parallel Axis Theorem,
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Ly, = (Iy + Ab?)q + (I, + Ab?), + (I, + Ab?),

30 x 103 10 x 103 20 x 10°
= <T+ 30 X 10 X 8.332> + <T+ 10 X 10 % —1.672> + <T+ 20 X 10 % —11.672>
= 53,333.33 mm*
[2 marks]
and,
Iy = (Iy + Aaz)a +(Iy + Aaz)b + (1, + Aaz)c
10 x 303 10 x 103 10 x 203
= <T + 10 x 30 x —1.672> + <T +10x 10 x —1.672> + <T +10 X 20 X 3_332>
= 33,333.33 mm*
[2 marks]
Also,
Liys = (Iyy + Aab) + (I + Aab), + (Lxy + Aab)_
=(0+30x10x —1.67 x8.33) + (0 + 10 X 10 X =1.67 X —1.67) + (0 + 20 x 10 X 3.33 x —11.67)
= —11,666.67 mm*
[2 marks]
Mohr’s Circle:

Product Moment
(mm?)

Ip

>
»

2"d Moment
R (mm?)

A (Ix'l Ix'y')
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Ly +1, 53,333.33 +33,333.33

Centre,C = 5 5 = 43,333.33 mm*
[1 mark]
] \] Iy — Ly z ) \] 53,333.33 — 33,333.33\°
Radius,R = (T) + Ly © = ( 5 ) + (—11,666.67)2
= 15,365.91 mm*
[1 mark]
Therefore, the Principal 2" Moments of Area are:
Ip =C+ R =43,333.33 + 15,365.91
~Ip = 58,699.24 mm*
[1 mark]
and,
lo =C— R =43,333.33 — 15,365.91
~Ig =27,967.43 mm*
[1 mark]
()
Orientation of the Principal Axes with respect to the x-y co-ordinate system
From the Mohr’s circle above:
Ly, =-11,666.67
e e T TR
L0 =-247°
[3 marks]

Therefore, the Principal Axes are at -32.91° (anti-clockwise) from the x-y axes, as shown on the diagram below.
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23.
Define rightward force and displacement as positive.

As the displacement of rigid wall 1is 0, u = 0.

[1 mark]
As spring D only connects rigid bodies 3 and 4, based on the principle of force transmissibility, F3 =-1,500 N.
[2 marks]
The reaction force on rigid wall 1 has the same amplitude of F4 but in opposite sign, so F; = 1,500 N.
[2 marks]

Considering rigid wall 1 and rigid bodies 2 and 3 only, the force-displacement equations for each element can be
written as:

F [ 400 —400] {u1}
F, —400 400

<
N

F, [ 500 —500'{
F3 [—-500 500

S &
[N
——

Fi) _ 1300 —300-{
F3J ~ =300 300 |

NN
w =
——

[6 marks; 2 marks for each correct element]

Expanding the above equations and inserting F1, F3 and u; values, we have:

1500 400 + 300 —-400 —300 0
F, = —400 400 + 500 -500 Uy
—1500 —300 -500 500 + 3004 \us

[2 marks]

Considering the first and third rows:
1500 = 700*0 - 400*u; - 300*us
-1500 = -300*0 - 500*u, + 800*us
We can find u; =-1.5957 mm, us; =-2.8724 mm.

[2 marks; 1 mark for each correct value]
Considering rigid bodies 3 and 4 only, the force-displacement equations for each element can be written as:

{ng} _ [ 600 —600 {us}
F, —600 600 Iluy

Inserting F," =-1,500 N and u3 = -2.8724 mm:
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-1500 = -600*us + 600*u,
We can find usg =-5.3724 mm.
[1 mark for correct value]

So the overall displacement can be written as:

Uq 0

Uz ( _ )—1.5957
Us —2.8724
Uy —5.3724

Let’s represent the forces in the four springs as Fa, Fs, Fc and Fp, respectively. The forces in the springs can
be determined based on Hooke’s law:

Fa=ka * u3 =300 * (-2.8724) = -861.6 N (compressive)
Fs = ks * u, =400 * (-1.5957) =-638.4 N (compressive)
Fc = ke * (us - uz) =500 * (-2.8724+1.5957) = -638.4 N (compressive)
Fo = ko * (us—us) =600 * (-5.3724+2.8724) = -1500N (compressive)
[4 marks; 1 mark for each correct value]

[2 marks deduction if not stating the spring forces are compressive or tensile]
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