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Unit One

Part | Engineering Materials

All products that come out of industry consist of at least one—and
often many—type of materials. The most obvious example is the
automobile. A car contains a wide variety of materials, ranging from glass
to steel to rubber, plus numerous other metals and plastics.

The number of materials, which are available to the engineer in
industry, is almost infinite. The various compositions of steel alone run into
the thousands. It has been said that there are more than 10,000 varieties
of glass,and the numbers of plastics are equally great.In addition, several
hundred new varieties of materials appear on the market each month. This
means that individual engineers and technicians cannot hope to be familiar
with all the properties of all types of materials in their numerous forms. All
he can do is try to leam some principles to guide him in the selection and
processing of materials.

The properties of a material originate from the internal structure of
the material . This is analogous to saying that the operation of a TV set
depends on the components and circuits within that set. The internal
structures of materials involve atoms, and the way atoms are associated
with their neighbors into crystals, molecules, and microstructures.

It is convenient to divide materials into three main types: (1) metals,
(2)plastics or polymers and (3)ceramics.

Characteristically,, metals are opaque, ductile, and good conductors of
heat and electricity. Plastics (or polymers) which usually contain light
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elements, and therefore have relatively low density, are generally
insulators, and are flexible and formable at relatively low temperatures.
Ceramics, which contain compounds of both metallic and nonmetallic
elements, are usually relatively resistant to severe mechanical, thermal,
and chemistry conditions.

Metals are divided into ferrous and nonferrous metals. The former
contains iron and the latter does not contain iron. Certain elements can
improve the properties of steel and are therefore added to it. For example,
chromium may be included to resist corrosion and tungsten to increase
hardness. Aluminum, copper, and their alloys, bronze and brass, are
common nonferrous metals.

Plastics and ceramics are nonmetals; however, plastics may be
machined like metals. Plastics are classified into two types: thermoplastics
and thermosets . Thermoplastics can be shaped and reshaped by heat and
pressure but thermosets cannot be reshaped because they undergo
chemical changes as they harden. Ceramics are often employed by
engineers when materials are needed which can withstand high

temperature .

" iC
analogous a. Kl
molecule n. 5 F
microstructure n HEH
polymer n.REY
ceramics n. W&
opaque a. NEVK
ductile a IR
insulator n. Bk
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flexible a. 5B MK, KW

formable a. 5 JREIH)
compound n. LEY
metallic a. SERBY
thermal a . HAHI
ferrous a. BEKH
chromium n.%%
corrosion n. B
tungsten n. 8
aluminum n.48
thermoplastic n. RIB K
thermoset n . RAE R
bronze n. HH
brass n. B

Part [ Strength of Materials

Strength of materials is a branch of applied mechanics concerned
with the behavior of materials under load, relationships between externally
applied loads and intemal resisting forces, and associated deformation .
Knowledge of properties of materials and analysis of the force involved are
fundamental to the investigation and design of structures and machine
elements. Mathematical application of principles of mechanics is
supplemented by experimentally determined properties of materials and
other empirical constants.

Investigation of the resistance of a member, dealing with intemnal
forces, is called free-body analysis. In it, principles of statics are applied
to imaginary isolated segments of the loaded member. Determination of the
distribution and intensity of the internal forces and the associated
deformation is called stress analysis.



Internal reactive forces developed in response to straining actions
depend on the magnitude and nature of the loads. The possible straining
actions are: (1) tension or compression, which lengthens or shortens the
members; (2) shearing, which produces sliding or angular distortion along
the plane of applied tangential forces; (3) bending, in which couples or
bending moments produce change in curvature; and (4) torsion. In which
couples acting normal to axis twist the member.

A material offers resistance to external load only in so far as the
component elements can furnish cohesive strength, such as resistance to
compaction, and resistance to sliding. The relations developed in strength
of materials analysis evaluate the tensile, compressive, and shear stresses
that a material is called upon to resist. The most important factors in
determining the suitability of a structural or machine element for a
particular application are strength and stiffness.

Applications fundamentals can be broadly classified as: (1)
investigation of members with known dimensions and materials to
determine their ability to resist prescribed loads without excessive
deformation, instability, or fracture; and (2)selection of suitable materials
and determination of shape and dimensions of a member to perform a
prescribed function involving known or estimated exteral loads. Design is
the prediction of suitability for a prescribed function.

| iC

strength n GRE, NE
deformation n. %
empirical o WRELEH
free-body B (4R
segment n. kK, 2B
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reactive
magnitude
compression
shearing
distortion
tangential
bending
couple
moment
curvature
torsion
cohesive
compaction
sliding
tensile
stiffness
instability
fracture
twist
normal
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Unit Two

Part [  Structural Analysis

Structural analysis involves the determination of the forces acting
within a structures or components of a structure. The term force meant to
include bending moment, shear, axial compression or tension, and torsional
moment .. Components of a structure are elements such as beams ( members
subjected primarily to bending moment with little axial compression or
tension) , columns (members subjected primarily to axial compression with
relatively little bending moment) , tension member ( members subjected
primarily to axial tension with relatively little bending moment), and
beam-columns ( members subjected to significant magnitudes of bending
moment as well as axial compression) . In addition, components may refer
to integral system, such as an entire floor, a roof, a multistory wall, or even
the entire structure.

Structural analysis and structural design are interlocked subjects. The
structural engineering has the objective of proportioning a structure such
that it can safely carry the loads to which it may be subjected. Structural
analysis provides the intemal forces and structural design utilizes those
forces to proportion the members or systems of members. Sometimes the
laws of statics are sufficient to determine the intemal forces from known
applied loads and structural configuration; such structures are said to be
statically determinate. More frequently, the intemnal forces are dependent
on the relative stiffness of members in addition to the laws of statics;such
structures are said to be statically indeterminate. For statically
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indeterminate structures, the design process involves iteration: the relative
sizes must be systems of members proportional for the internal forces, the
stiffness of members or systems of members evaluated, the structural
analysis performed to determine the internal forces, the stiffness of
members or systems of members evaluated, and the structural analysis
repeated . Without structural analysis, design is impossible.

Structural design has been defined as “a mixture of art and science,
combining the experienced engineers’ intuitive feeling for the behavior of a
structure with sound knowledge of the principles of statics, dynamics,
mechanics of materials, and structural analysis, to produce a safe
economical structure which will serve its intended purpose.”

For many centuries, structures were designed solely as an art. Early
Roman and Greek structures were proportioned with the said of structural
analysis to determine the intemal forces. When the proportioning was
incorrect, the structures collapsed and for most, no historical reference
remains. Some structures were overdesigned ; some might be found to have
been correctly designed if reviewed according to twentieth-century
accepted procedures.

Structural analysis, as it is recognlzed today, began about 130 years
ago with the publication by Squire Whipple of a rational discussion of the
determination of forces in trusses. For the elastic theory relation to flexural
members, Navier is generally regarded as the founder of the modemn theory
of elastic solids, with his published memoir of 1827. This theory has
essentially provided the differential equation method for the analysis of
statically indeterminate beams.

Practical treatment of statically indeterminate analysis may be
considered to have originated with the French civil engineer Clapeyron,
who in 1857 published his “theorem of three moments” for the analysis of
continuous beams. During the period from 1860 to 1900, structural

c 9.



