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CHAPTER 1 MATERIALS AND
THEIR PROPERTIES

1.1 Metals and Non-metals

Among numerous properties possessed by materials, their mechanical properties, in the
majority of cases, are the most essential and therefore, they will be given much consider-
ation in the book .

All critical parts and elements, of which a high reliability is required, are made of
metals, rather than of glass, plastics or stone.

As has been given in Sec. 1-1, metals are characterized by the metallic bond,
where positive ions occupy the sites of the crystal lattice and are surrounded by electron
gas .

All non-metals have an ionic or a covalent bond. These types of bond are rigid and are
due to electrostatic attraction of two ions of unlike charges.

Because of the metallic bond, metals are capable of plastic deformation and self-
strengthening upon plastic deformation. Therefore, if there is a defect in a material or if the
shape of an element is such that there are stress concentrators, the stresses in these points
may attain a great value and even cause cracking. But since the plasticity of the material is
high, the metal is deformed plastically in that point, say, at the tip of a crack, undergoes
strengthening, and the process of fracture comes to an arrest.

This does not occur in non-metals. They are uncapable of plastic deformation and self-
strengthening, therefore, fracture will occur as soon as the stresses at the tip of a defect ex-
ceed a definite value. )

These facts explain why metals are reliable structural materials and can not be excelled

by non-metallic materials.

Words and Terms:

mechanical property HLBR (J1%F) tHAE metallic bond &R
critical part and element XK 4EZTFB M4 crystal lattice  &H A%
covalent bond LA R electrostatic attraction FRrELIK G| .
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plastic deformation ¥3 ¥ self-strengthening [ 3R 1L
stress concentrator i JJ HEH the tip of a crack LRI
Questions:

1) What are the differences in properties between metals and non-metals?

2) Why are metals capable of plastic deformation and self-strengthening?

1.2 Ferrous Alloys

More than 90% by weight of the metallic materials used by human beings are ferrous
alloys. This represents an immense family of engineering materials with a wide range of mi-
crostructures and related properties. The majority of engineering designs that require struc-
tural load support or power transmission involve ferrous alloys. As a practical matter, these
alloys fall into two broad categories based on the carbon in the alloy composition. Steel gen-
erally contains between 0.05 and 2.0 wt% carbon. The cast irons generally contain between
2.0 and 4.5 wt% carbon. Within the steel category, we shall distinguish whether or not a
significant amount of alloying elements other than carbon is used. A composition of 5 wt%
total non-carbon additions will serve as an arbitrary boundary between low alloy and high al-
loy steels. These alloy additions are chosen carefully because they invariably bring with them
sharply increased materials costs. They are justified only by essential improvements in prop-

erties such as higher strength or improved corrosion resistance .

Words and Terms:
ferrous BKRY; AERHY arbitrary  $FRE B ; RMTH
corrosion resistance Wi J i ; TLARS

Questions:
1) What is the difference in composition between steel and cast iron?

2) How can you distinguish low alloy steels from high alloy steels?

1.2.1 Plain Carbon Steels

Hot-rolled steel delivered by steelmaking works as rolled sections (bars, beams, she-
ets, tubes, etc.) is the most wildly used material for manufacture of various machines, ma-
chine tools, building structures, consumer goods, etc. Delivered steel should have the prop-
erties as specified by State Standards. .

In the RSSU, plain carbon steels are classified into three groups: A, B and C, de-
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pending on their application.

A. I a steel is to be used for making products without hot working (welding, forging,
etc.), iis structure and properties in the final product will be the same as delivered from the
rolling mill. In that case the user requests for a steel of warranted mechanical properties,
while the chemical composition is not guaranteed.

B. If a steel is to be subjected to hot working (forging, stamping, etc.), its initial
structure and mechanical properties will be changed. In that case the composition of the
steel will be of prime importance for the user, since it determines the conditions of hot work-
ing and the final mechanical properties of steel products. Now a steel of warranted composi-
tion is delivered to the user.

C. ¥ a steel is to be welded, the user wants to know the composition of the steel,
since it determines the properties of the metal in the zone subjected to thermal effect of
weld. The user is also interested in the initial mechanical properties of the metal, since
these properties will remain the same in portions not subjected to welding. In that case the
metal is delivered with warranted composition and mechanical properties.

General-purpose plain steels are not alloyed. Some alloying elements may sometimes be
present in them occasionally and their content is limited.

The presence of silicon and manganese may be due to the steel-making process (the
necessity of deoxidation) . Surphur and phosphorus are harmful impurities in steel and their
content should be minimized as it may affect the quality of steel.

The principal element whose content is responsible for the properties of steels is car-

bon.
Words and Terms:
plain carbon steel 3§ 3 B¢ 4K hot-rolled steel P %L4N
bar #H . beam Z&#f
sheet M State Standard E F A5 HE
welding 183 forging B
stamping FEED alloying element & IGCER
deoxidation fB & harmful impurity % # &

Questions:
1) What group of steels should be selected if the steels will be subjected to welding?

2) Which is the element among silicon, carbon and manganese whose content affects

the properties of plain carbon steels most greatly?



