
(Mechanical Properties of Solids)

9.1 Introduction)

rigid

body

perfectly rigid

elasticity

elastic deformation

plactic plasticity

9.1

9.2

9.3

9.4

9.5

9.6

9.7
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engineering design

 

9.2 (Elastic
Behaviour of Solids)

intermolecular

interatomic

stable equi-

librium

deforming force

9.1 

spring-ball model

Robert Hooke, 1635-1703

AD

1676

Hooke’s law

9.4

Boyle’s law

9.1 
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9.3 (Stress and Strain)

static equilibrium

restoring force

de-

forming force

stress

F 

A

= 
F

A (9.1)

S.I N m-2

1N m–2 pascal

‘Pa’

1N m–2 = 1Pa dimen-

sional formula [ML-1T-2]

9.2

9.2(a)

tensile stress

compres-

sive stress

longitudinal stress

‘L’

‘L’ L L

longitudinal strain

= 
L
L


(9.2)

9.2 (b)

tangential or shearing

x

‘L’ ‘x’ ‘L’

shearing strain

= tan
x

L



 (9.3)



‘’

‘’ tan 
= 100

tan  1%

tan=  

‘
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9.3

tan =  (9.4)

9.2 (c) 

(Robert Hooke)
(1635-1703 AD)

3-4

1635 18

Boylean air pump

Curator of experiments

1662 1665

orion constel-

lation

1667 1682

Micrographia

Cell

Ut tensio, sic vis the distortion, so the force

9.2 (a) L (b) 
(c) d)

V/V
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9.2 (d)

hydraulic compression

internal restoring force

hydraulic stress

V

V V V

volume strain = 
V

V


(9.5)

9.4 (Hookes Law)

9.3

deformation



=  9.6

9.6 

modulus of elasticity

9.5 (Stress-Strain Curve)

tensile stress

X- Y-

9.3 
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9.3 

O A 

A B

B 

yield point elastic

limit

yield strength 
y


y

B

D

B D

C

permanent strain

plastic deforma-

tion D

ultimate tensile

strength, S
u

E

E

D

brittle

E D)

ductile

elastic tissue of aorta) 9.4

9.3 typical
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elas-

tomers

9.6 Elastic Moduli

9.3 OA

structural and manufacturing engineering de-

sign

characteristic property

9.6.1 Young’s modulus

tensile

stress compressive

stress





(Young’s modulus)

Y




Y (9.7)

9.1  9.2 

9.7

 
 


 

  

F
F LAY

L A L
L

(9.8)

N m–2 Pascal (Pa)

9.1

9.1

109 Nm–2 107 Nm–2 107 Nm–2

70 18 20

120 20 40

190 17 33

200 30 50

16 12

9 12

9.4 
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9.1

0.1cm2

0.1%

2000N

(0.1cm2

0.1%

690N, 900N 1100N 

heavy

duty machinery structural de-

sign

 9.1

10mm 1.0m

100kN

a)

b c

= 2.0 

1011 N m–2

F

r

A = r2 = 3.14 (10–2m)2 = 3.14 10–4m2

(a) 

F
A

 2

F
r




 
3

22

100 10 N

3.14 10 m






= 3.18  108 N m–2

(b) (9.8) L

 F/A L
L

Y
 

   –

11 –

 

2  

8 2

2

3.18 10 N m 1m

10 N m






= 1.59  10–3 m

= 1.59 mm

(c) 
L
L




3(1.59 10 m)
1m




= 1.59 × 10–3 

 9.2  2.2m

1.6m

3.0mm

0.7mm 

(A)

W)

9.7

= 

W
A



= Y
c
  L

c
/L

c
) = Y

s
  (L

s
/L

s
)
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Subscript) c s 

copper steel



c s c

s c s

L Y L
L Y L

     
           

L
c
 = 2.2m, L

s
 = 1.6m

9.1

Y
c
 = 1.1  1011 N.m–2, Y

s
 = 2.0  1011 Nm–2.

11

11

2.0 10 2.2
1.1 10 1.6

C

S

L
L

                

= 2.5

L
c
 + L

s
 =  7.0   10-4 m

L
c
 = 5.0   10-4 m

L
s
 = 2.0   10-4 m.

W = (A  Y
c
  L

c
)/L

c

= [((1.5  10-3)2  [(5.0  10-4 1.11011)/2.2]

= 1.8  102 N 

 9.3 

9.5

280kg

60kg

50cm

2.0cm

9.5

= 280kg

=

60kg


= 280kg – 60kg

= 220kg

 = 220kg 9.8 m/s2

= 2156 N

1
2156

2
N

= 1078 N
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9.1

Y = 9.0 109 Nm–2

L = 0.5m

r = 2.0cm = 2.0 10–2m

 A = r2

= (2.0 ×10–2m)2

= 1.26 × 10–3m2

9.8

( )
( )
F L

L
Y A


 



9 3

1078 0.5
m

9.0 10 1.26 10

      

= 4.75 × 10–3 cm

0.00095
L
L


 0.00095%

9.6.2

(Determination of Young’s Modulus of

the Material of a wire)

9.6

A

B

M

9.6
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r L 

A = r2 M

L

F F= mg g 

9.7

Y





2 .
Mg L

Lr




2

( )
( )

Mg L
r L




  9.9

9.6.3 (Shear Modulus)

Shear modulus

or rigidity modulus G


s G = 

F
AG
x

L

 
  


 

  

( )
( )

F L
A x




  9.10

9.4

    G= 

F
A


 
   F

A 



9.11


s
= G  (9.12)

Nm–2 Pa

9.2 9.1 9.2

3
Y

G 

9.2 

G

G

(109Nm-2 or GPa)

25

36

42

23

70

5.6

77

84

150

10

 9.4  50cm 

10cm

9.7

9.0 104N

9.7
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    A = 50cm 10cm

= 0.5m 0.1m

= 0.05m2

= (9.4 104N/0.05m2)

= 1.80 106 Nm-2

x
L G
    

 
L

x
G

 


6 2

9 2

(1.8 10 Nm 0.5m
(5.6 10 Nm )





 



= 1.6 × 10–4m
= 0.16 mm

9.6.4 (Bulk Modulus)

9.3

hydraulic prssure

volume strain

9.5 p

V/V

Bulk modulus B

 B = – p/(V/V) (9.13)

9.13 -

p V 

B

Nm–2 Pa

9.3

reciprocal

compressibility

K

9.3

B

B(109Nm–2  GPa)

72

61

140

37

100

260

160

2.2

0.9

1.56

4.76

2.5

STP 1.0  10-4

9.7
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 /1 V V
K

B p


   9.14

9.3

10

F
A

 

 s

F
A

L
L
 

  



V
V
 

  

F L
Y

A L



 

F
G

A




 
p

B
V

V


 



9.4
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9.4

 9.5

3000m 2.2 

109Nm–2

V
V
 

  

g = 10ms–2)

3000 m 

p = hg

= 3000 m   1000 kg m–3  10 m s–2

= 3   107 kg m–1 s-2

= 3   107 N m–2

V
V
 

  

V
V B
    

7 -2

9

3 10 Nm
2.2 10 Nm





= 1.36 10–2  1.36%

9.7 (Applica-

tions of Elastic Behaviour of Materials)

beam)

I

structural engi-

neering

pulley and motors

10 10 1

= 1000kg

mild steel

S
y

300 106 Nm–2 9.1

A
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y y

W Mg
A

S S
 

 
 

4 2

6 2

10  kg 10ms

300 10 Nm










= 3.3 × 10–4 m2

1 cm

(margin of safety)

10 

3 cm 

9.8 l, b 

d W

3

34
Wl
bd Y

  (9.16)

calculus

9.16

9.16 Y

W 

Y

Y

 b d

3

1
d




1
b



l

9.8

9.9 (a)

b buck-

ling c
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9.9 (b)

buckling

9.9

c

9.10(a)

9.10(b) 

distributed

9.10(b) 9.10(a)

9.10 (a)
b) 

~10km. 

critical

shearing stress

h



hg g

hg 

30 

107 N m–2 30 103kg m–3

hg 30 107 N m–2 

hg  = 30 × 107 N m–2.

   
7 230 10 N m

g
h
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27

10mskgm1030
Nm1030








h

= 103m = 10 km

g 10ms-2 
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1.

(a) tensile

stress compressive

stress b c

2.

3.
F L

Y
A L




L
L
 

   F 

A F Y 

F
A

4.

L L

F L
G

A L


 

L F G

5.

V
p B

V
    

p
V

V


p B



326

1. F

F

A F

2F
F
A

2.

3.

4.

5. alloy elastomers

6.

7.

Poisson’s

ratio

8.

9.1 4.7m 3.0 10-5m2 

35m 4.0 10-5m2

9.2 9.11 a)

b approximate
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9.3 A B 9.12

9.11

a

b

9.4

a

b

9.5 0.25cm) 9.13

1.5m

1.0m

9.12
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9.6 10cm

100kg

25G Pa

9.7 50,000kg

30cm 60cm

compressional strain

9.8 15.2mm 19.1mm 44,5000N

9.9 1.5cm

108Nm-2

9.10 2.0m 15kg

9.11 1.0m 14kg

2rev/s

0.065cm2

9.12 = 100.0 litre, 

= 100.0 atm (1 atm = 1.013 105 Pa = 100.5 litre

9.13
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9.13 80.0 atm

1.03 103 kg m–3

9.14 10 atm

9.15 10 cm 7.0 106 Pa 

9.16 1 0.10%

9.17 single crystal

9.14

0.5mm 50,000 N

9.18 1.05m 9.15

A) B A

B 1.0mm2 2.0mm2 m

9.14
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a b

9.19 1.0m 0.50 10-2cm2

100g

9.20

6.0mm 6.9 107 Pa

9.21 Merina trench

11km 1.1 108 Pa 0.32m3

9.15
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