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LOADS AND REACTIONS:
1- Given: The frame shown in the
figure. Assume point A, B, and C

to be frictionless hinges. If

W =70kg and the coefficient of
friction between ¥ and the plane is

0.3. Find: (a) The axial force in bar

BC. (b) The magnitude of P
necessary to keep the block from

sliding to the right.
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3- For the frame shown in the figure, E NE
determine (a) The reactions at A M
and E, and () The axial forces in T L
Roller

the members AC, DC, and EB. 2mi:
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Table 2.1. Physical properties of metals.

Engineering Materials and their Properties

= 19

6. Brittleness. It is the property of a material opposite to ductility. It is the property of breaking

of a material .<<.=r little permanent distortion. Brittle materials when subjected to tensile loads snap
off without giving any sensible elongation. Cast iron is a brittle material,

7._Malleability. Itis a special case of ductility which permits materials (o be rolled or hammered

into thin sheets. A malleable material should be plastic but it is not essential to be so strong. The

2.5 Mechanical Properiies of Metals

The mechanical properties of the metals are those which are associated with the ability of the
material to resist mechanical forces and load. These mechanical properties of the metal include strength,
stiffness, elasticity. plasticity, ductility, brittleness, malleability, toughness, resilience, creep and
hardness. We shall now discuss these properties as follows:

1. Strength. It is the ability of a material to resist the externally applied forces without breaking

or wmn—&nm.. The internal resistance offered by a part to an externally applied force is called *stress.
2. Stiffness. I is the ability of a material to resist deformation under stress. The modulus of

elasticity is the measure of stiffness.

3. Elasticity. Itis the property of a material to regain its original shape after deformation when
the external forces are removed. This property is desirable for materials used in tools and machines.
It may be noted that steel is more elastic than rubber.

4. Plasticity. It is property of a material which retains the deformation produced under load
permanently. This property of the material is necessary for forgings, in stamping images on coins and
in ornamental work.

!wv., Ductility. Itis the property of a material enabling it to be drawn into wire with the applica-
tion of a tensile force. A ductile material must be both strong and plastic. The ductility is usually
measured by the terms, percentage elongation and percentage reduction in area. The ductile material
commonly used in engineering practice (in order of diminishing ductility) are mild steel, copper,
aluminium, nickel, zinc, tin and lead.

Note : The a:nm:&. of a material is commonly measured by means of percentage elongation and percentage

reduction in area in a temsile test. (Refer Chapter 4, Art. 4.11).

*  For further details, refer Chapter 4 on Simple Stresses in Machine Parts.

Metal Density Melting point Thermal Coefficient of
conductivity linear expansion at
(kg/m?) (°C) (Wm°C) 20°C (um/m/°C)
Aluminium 2700 660 220 23.0
Brass 8450 950 130 16.7
Bronze 8730 1040 67 173
Cast iron 7250 1300 54.5 2.0 i
Copper 8900 1083 393.5 16.7
“ Lead 11 400 327 335 29.1
Monel metal 8600 1350 25.2 14.0
Nickel 8900 1453 63.2 12.8
Silver 10 500 960 420 18.9
Steel 7850 1510 50.2 (.1
Tin 7400 232 67 214 !
Tungsten 19 300 3410 201 45 i
Zinc 7200 419 113 330
Cobalt 8850 1490 69.2 12.4
Molybdenum | 10 200 2650 13 4.8
Vanadium 6000 1750 — Ve _

mallcable materials commonly used in engineering practice (in order of diminishing malleability) are
lead, soft steel, wrought iron, copper and aluminium.

8. Toughness. It is the property of a material to resist fracture due to high impact loads like

hammer blows. The toughness of the material decreases when it is heated. It is measured by the

amount of energy that a unit volume of the
material has absorbed after being stressed upto
the point of fracture. This property is desirable
in parts subjected to shock and impact loads.

9. Machinability. Itis the property of a

material which refers to a relative caso with

which a material can be cut. The machinability
of a material can be measured in a number of
ways such as comparing the tool life for cutting
different materials or thrust required to remove
the material at some given rate or the energy
required to remove a unit volume of the
material. It may be noted that brass can be
easily machined than steel. -

10._Resilience. It is the property of a

material to absorb energy and to resist shock

and impact loads. It is measured by the amount
of energy absorbed per unit volume within
elastic limit. This property is essential for
spring materials.

11. Creep. When a part is subjected to

aconstant stress at high temperature for along

period of time, it will undergo a slow and

permanent deformation called creep. This
property is considered in designing internal
combustion engines, boilers and turbines.

12, Fatigue. When a material is

promS ot ~ Soadhdid

subjected to repeated stresses, it fails at

stresses below the yield point stresses. Such
type of failure of a material is known as
*fatigue. The failure is caused by means of a
progressive crack formation which are usually
fine and of microscopic size. This property is

Gauge to show the
pressure applied.

|

| Ball is forced into
the surface of the -
ordinary steel

Screw to position |
sample |

i
!
|
|
;
{

>

Brinell Tester : Hardness can be defined as the resis-
Ricm of a metal to attempts to deform it. This ma-
chine invented by the Swedish meftallurgist Johann
August Brinell (1849-1925), measure hardness precisely.

considered in designing shafts, connecting rods, springs, gears, etc.

13. Hardness. It is a very important property of the metals and has a wide variety of meanings.

It embraces many different properties such as resistance to wear, scratching, deformation and

machinability etc. It also means the ability of a metal to cut another metal. The hardness is usually

refer Chapter 6 (Art. 6.3) on Variable Stresses in Machine Parts.
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