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INTRODUCTION

Mechanics of materials is a branch of applied mechanics that deals with the
behavior of solid bodies subjected to various types of loading. This field of study is known
by several names, including "strength of materials" and "mechanics of deformable bodies".

Strength of materials is based upon the laws and theorems of theoretical
mechanics. However, in theoretical mechanics solids are conventionally considered as
absolutely rigid bodies that is as bodies undergoing no change in shape under the action
of loads applied to them. Experimental observations show, however, that all solids deform
when subjected to forces. External forces (loads) acting on a solid produce internal forces,
which resist the external ones. Thus, for instance, if external forces stretch a solid, the
internal forces will resist the stretching, there will act forces of mutual attraction between
individual particles of the solid. As external forces increase so do internal forces. However,
the internal forces in each material can increase only to a certain limit characteristic of this
material. The external forces may be so large that the internal forces in a body of given
dimensions will not be able to balance them and the body will fracture. In order for
structural members and machine parts to sustain the loads acting on thém without fracture
and appreciable deformations they must be made of a proper material and have the
necessary dimensions. These dimensions of structural members are determined by

calculations with making use of equations of strength of materials.
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GENERAL ASSUMPTIONS

First of all, the material of which the structures are made is considered to be
continuous, homogeneous at all points of the body and having the same properties in all
directions. The latter property of the materials is called isotropy. Indeed, some structural
materials such as cast metals possess high homogeneity (cast iron is an exception in this
case). The more homogeneous the material and the more alike its properties in different
directions, the closer is the agreement between theoretical and experimental results. In
strength of materials experiment and theory are closely interrelated; all theoretical
assumptions and conclusions are verified in practice and after their validity is confirmed
they are accepted for use.

Strength of materials, as a rule, deals with only those problems of the behavior of
bodies under the action of external forces in which the deformations are small compared to
the dimensions of the body. This makes it possible to neglect the changes (produced by
deformations) in the position of the forces acting on the body.

Strength of materials deals with only simple-shaped bodies. These are bars,
plates, and thin-walled shells.

A bar is a body whose length is considerably greater than the transverse
dimensions which are of the same order of magnitude. The axis of the bar may be curved
or straight line. A bar with a straight axis may be called rod, shaft, beam, and column
depending on its purpose.

A plate and a thin-walled shell are bodies whose thickness is considerably smaller
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PROBLEMS OF STRENGTH OF MATERIALS

For various types of loading strength of materials establishes mathematical
relations between external forces, geometric proportions of structural members, the
resulting elastic (i.e. internal) forces and deformations.

These relations and the strength characteristics of materials are used to
determine the required dimensions of structural members.

In establishing these relations certain assumptions and limitations are made.

These assumptions and limitations are necessary because it is impossible to cover all the
features of the phenomenon under study as a whole.

than the other two dimensions. Strength of materials deals mainty withbars:
BASIC TYPES OF LOADING

Loading of structural members may be very complex. However, this complex
loading can be always represented as consisting of a small number of basic types of
loading. Basic types of loading studied in strength of materials are: tension, compression,

shear, torsion, bending.
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WORDS AND WORD COMBINATIONS

bending
calculation

to cast

column

compared to

in comparison with
compression

to confirm

to consider

NMPUMEHATb, Nnpunaratb, NPUKraabiBaTb

3aMeTHbIN, OLLYTUMbIN;

nogaarLmnincs onpenernieHnio, oLleHKe

OOMycKaTb, npeanosaraTtb

npeanonoxexHue, gonyLieHune

pacyeT, Bbl4MCNEHNE

TeX. OTNUBaTh, NUTb (MeTannbl)
KOMOHHa , CTONbuK, cToMKa

Mo CpaBHEHUIO C

Mo CpaBHEHUIO C

cxatue

NoATBEPXAATb
paccmaTpuBatb, 00CcyXaaTh;

YUUTbIBATb, NMPUHATL BO BHUMaHUE;

to depend

to determine
dimension
equation

to establish
external
feature

to fracture
homogeneity
homogeneous

however

magnitude
to make use
mutual

to neglect
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3aBuceTb (0T on, upon)

onpepensaTb, ycTaHaBnueaTb

pasmep

marT. ypaBHeHune

ycTaHaBMMBaTb, OCHOBbIBaTb, AOKa3blBaTb
BHELLUHWIA, HapyXHbIiA

0coBEeHHOCThL, XapakTepHas 4YepTta
nomatb(cs)

OJHOPOAHOCTb; FOMOreHHOCTb
O[HOPOLHbIN

0[HaKo, TEM He MeHee, He CMOTpPS Ha,
Kak Obl HU

pacTu, Bo3pacTaTb;

yBenuuuBaTh(cs), NOBbILLIATH(CS)
BHYTPEHHWI

N30TPONUSA

Harpyska

BENnUYnHa

1CMoNb30BaTh, BOCNOMNb30BaTLCSA
B3aUMHbIN

npeHebperaTb, He obpallaTb BHUMaHUSA

considerable
to consist
continuity

continuous

monaratb, CUATaTh
3HauYuTENbHbLIN

COCTOATb (M3 Yero-nmbo of)
HernpepbIBHOCTb
HenpepbIBHbLINA, CNIOLWHON
YCIOBHbIN; OBOLENPUHATbIN
3[eCb OXBaTbIBATb

Kpusas nuHus
WCKPUBMEHHbIN, KPUBOIA

nveTb Aeno (¢ kem-n. - with);

pewartsb (Bonpoc, npobnemy; with)

yMeHbLUaTh(cs), yobiBaTh

to observe

in order that

to possess
problem
property
purpose

relation

to represent

HabnioaaTh, 3aMevartb, n3ydarb
C TeM, YTOObI

Ans Toro, 4Tobbl

ABneHne

nnacTuHa

BnageTb, obrnagatb

marT. 3agada; npobnema
CBOWCTBO, Ka4eCcTBO

Lenb, HazHa4eHwe

(06bIKHOB. pl.) OTHOLLEHWE, COOTHOLIEHNE,
CBSA3b

npeacTasnsTh, nzobpaxaTtb
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to require

required

solid body

to solve a problem
straight

strength of materials

to stretch

structural member
to subject

to sustain
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TpeboBaTb, HyXaaTbCsA
Tpebyemblit

YKECTKWUI, HErHYLUWINCA, TBEPAbIN
CTEPXEHb

Tex. Bar, oCb

¢hopma; ouepTaHue, BUA

TBEpAbIi; KPENKUM, NPOYHbINA; CMOLLHON;
Lenbin

TBEpOoEe Teno

peluaTb 3agavy

npsMon

COMpPOTUBMEHNE MaTEpuanoB
pacTarnsaTh(cs), BbITArMBaTh(CA),
HaTarmesaTth(cs)

KOHCTPYKTUBHbI 3NEeMEHT

noasepraTh (BO3AENCTBUIO, BIIUAHNIO)
noAnep>KMBaTh; BblAEPXUBATb;
noABepraTbCsi, NEPEHOCUTb, UCMbITbIBATb
pacTsKeHue

TOMNLWMHA

TOHKOCTEHHasi obonouka
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CLASSIFICATION OF EXTERNAL FORCES

External forces (loads) may act on machine and structural parts in different ways.
According to the manner in which they are applied forces may be divided into body and
surface forces. Among body forces is, for example, the gravity force (weight). Surface
forces are divided into distributed and concentrated ones. Distributed forces are applied
over an area or along a length.

The force distributed over an area is expressed in units of force per unit area
(N/m? = Pa, MPa). A load distributed along a length is expressed in units of force per unit
length (N/m, KN/m).

Concentrated forces act over a very small area. A concentrated force is
considered to be applied at a point for the sake of simplicity; this simplification introduces
no serious error in calculations, as a rule. Concentrated forces are measured in units of
force (N, kN).

According to their nature of action loads are divided into static and dynamic ones.
A static load is defined as a load, which increases slowly from zero to a certain maximum
value and then remains constant or varies only slightly.

An example of dynamic loads is an impact load when the time duration of the load
is a small fraction of a second. Dynamic loads also include periodic loads varying in time
and inertia forces developed during vibration.

Materials resist these types of forces (static and dynamic) in different ways.

validity

various

RpySerne

nonepeyHbIn

noaBepratbecs, UCMbITbIBATh, NEPEHOCUTb
yrnoTpebnsiTh, MPUMEHSTb, NOfb30BaTLCS
OEeNCTBUTENbHOCTb, 3aKOHHOCTh
pasnuYHbIN, pasHblii; pasHooGpasHbIe;
(nepea pl.) MHOrME

NPOBEPATL; NOATBEPXAATh; YOOCTOBEPATH

METHOD OF SECTIONS

External forces acting on a body deform it and give rise to internal resisting forces.
The internal forces are determined by the method of sections. The idea of this method is
as follows.

Consider a body, which is in a state of equilibrium under the action of forces P4,
P, PsiRa(Eigd)e

Imagine the body cut through the section a-a and one of the two parts removed,
say, the right-hand part. The remaining left-hand part will then be acted on by the external
forces Py and Ps. In order for this part of the body to remain in equilibrium, it is necessary

to apply internal forces over the entire section.




