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PREFACE

These lectures are some kind of compilation mainly based on the original text-
book by James M. Gere and Stephen P. Timoshenko.

The lectures cover all standard topics of mechanics of materials. These topics

include the analysis and design of structural members subjected to axial loads, torsion and

bending, as well as such fundamental concepts as stress, strain, elastic and inelastic
behavior, strain energy, and mechanical properties of materials. Specialized topics such
as stress concentrations, fatigue and dynamic loading, thermal and prestrain effects,
behavior of columns, and pressure vessels are considered, too.

The lectures provide an opportunity for students and engineers to master their
technical English and develop their abilities to analyze and discuss different problems
related to strength of materials and engineering design.

| am pleased to express my gratitude to professor B. G. Popov who has read all
the lectures thoroughly and suggested some valuable ideas.

| appreciate very much a computer version and design of the lectures done by
A. E. Andreev-Andrievsky.

S. Andrievskaya
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Lecture 1

Lecture 1
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

4l

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

Lecture 1

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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Lecture 2

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.
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P4

Fig.1

These forces represent the action of the removed right-hand part of the body on
the remaining left-hand part. Being internal forces for the entire body, they play the role of
external forces for the isolated part. The magnitude of the resultant of the internal forces
can be determined from the condition of equilibrium of the isolated part or free body. The
law of distribution of internal forces over the sections is not in general known. Thus, the
method of sections only allows us to determine the sum of the internal forces acting at the
section in question. The sum of these forces may be reduced, in the general case, to a

force and a couple which are called stress resultants.
STRESS

If an infinitesimal area AA is acted on by an infinitesimal force AP (Fig.1) the ratio

of the force AP to the area AA gives the average stress on this area

A D
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Resolve this stress into two components (Fig.2), one being perpendicular to the
area, called the normal stress and denoted by the Greek letter o, and the other lying in

the plane of the section, called the shear stress and denoted by the Greek letter t.

The total stress is expressed in terms of the normal and shear stresses by the

following equation

p=+c?+1?

[_B is equal to the square root (out) of c square plus T square

The total stress is not considered to be a convenient measure of internal forces in
a body as materials resist normal and shear stresses in different ways.

Normal stresses tend to bring closer together or separate individual particles of a
body in the direction of the normal to the plane of the section.

Shear stresses tend to move particles of a body with respect to each other on the

plane of the section.

JAY

pAV: AA

LpAV is equal to the ratio of AP to AA or is equal to AP divided by AA |

The stress is expressed in newtons per square meter (N/m? = Pa) or MPa, where
1 MPa = 10° N/m? (ten to the sixth power). Reducing the area to zero that is passing to the
limit we obtain the true stress at a given point:

5 AR B
Prrue = ,\/I\To AE R

[ AA — 0: AA tends to zero

Since the force has a direction, the stress will also have a direction.
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WORDS AND WORD COMBINATIONS

according to

in accordance with

average

average stress

body and surface forces
to bring closer together

convenient

direction
to distribute

to divide

expressed in terms of
is as follows

free body

cornacHo

COrrnacHo, B COOTBETCTBUN C
No3BONATb, pa3peLlaTb; JonyckaTb
cpeaHee 3Ha4YeHue, cpefHAsA Benn4ymHa
cpegHee HanpsbkeHune

0ObEMHbIE 1 MOBEPXHOCTHbLIE CUTbI
cONu3nTb, NPUTSAHYTbL APYr K Apyry
yOOOHbIN, MPUroAHbIA, NOAXOAALLNIA
napa; Tex. napa cun

obo3HavaTb

HanpaBneHne

pacnpeaensTb

nenntb(cs), pasaensTtbh(cs)

LIeNbHbIN; CNIOLWHON; NOMHbIN

paBHATLCA

BbIpakeHHOE Yepes YTo-nnbo, B yeM-nnbo
COCTOWT B CrieyHoLLEM

OTpe3aHHas YacTb Tena ¢ Ae/CTBYIOLMMM Ha

Hee BHELWWHNMWN U BHYTPEHHUMW cunamm,

npm NMOXeHHLBIMIA K ceuaHUun

to remain

to resolve

with respect to each other
for the sake of

section

to separate

shear stress

slightly

state of equilibrium

stress resultants
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OTHOLLEHNEe, NponopLus, COOTHOLLUEHNE
npuBOAUTbL B ONpeaeneHHoe COCTOsIHNE;

yMeHbLUaTb; COKpaLliaTh

ocTaBaTbCH

pasnaraTb(cs)

Nno OTHOLUEHUIO ApYr K opyry

pagu, Ans

ceyeHne

OTOAENUTb, pa3befnHUTb

KacaTenbHoe HanpsKeHue

cnerka

COCTOsiHNE paBHOBECUSA
paBHOAEWCTBYOLLME HaMpsKeHWUN
(BHYTpPEHHUE CyMMapHble CUMoBble haKTopbl)
CTPEMUTHLCSA

NONHbIN, BECb, LEnbIv, 06Lwnm,;
CyMMapHbIii, COBOKYTHBbIA

eQuHNLA; eaUHNLIA N3MEepEeHUs

maT. eAuHuLa

MeHsITb(CS), M3MEHsATh(CA), OTNINHATLCS

manner
to measure
to obtain

to occur

BbI3biBaTb YTO-NNOO; NopoxaaTh
npeacTaBnsATb, BoobpaxaTb, nonaratb
yAaap, CTONKHOBEHWEe

3aknio4vath; BKICYaTh; cogepxatb (B cebe)
BeckoHeYHo Marnbi

cnocob; obpas [elCTBUI; MaHepa

MEepUTb, N3MepsITh

nosiyvaTb, pobueaTbCs, AocTUraTh

MMeTb MeCTO, Crly4aTbCs

MIIOCKOCTb
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Lecture 3

TENSION, COMPRESSION. NORMAL STRESS

Consider a prismatic bar of a constant cross-sectional area that is loaded by axial
forces P at the ends (Fig.1). These equal and opposite forces are applied in such a way
that they will act precisely along the axis of the bar. The bar being in equilibrium under the

action of the tensile forces will elongate in the longitudinal direction and its transverse

dimensions will contract.

The bar
before loads
are applied

The elongated
bar after
loads are
applied

Fig.1

We shall assume that all plane sections normal to the axis of the bar remain plane
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Assuming that the stress has a uniform distribution over the cross section, we see

that its resultant N is equal to the intensity ¢ times the cross-sectional area A of the bar
N =c A.

o the resultant N is equal to the product of the stress ¢ multiplied
by the cross-sectional area A
N is equal to ¢ multiplied by A
N is equal to c by A

N equals c times A

Furthermore, from the equilibrium of the body it is evident that the resultant N must be
equal in magnitude and opposite in direction to the applied load P. From these
observations we obtain
SN R

A A

When the bar is stretched by the forces P, as shown in the figure, the resulting

(0

stresses are tensile stresses: if the forces are reversed in direction, we obtain compressive
stresses. As the stress ¢ acts in a direction perpendicular to the cut surface, it is referred
to as a normal stress.

When sign convention for normal stresses is required, it is customary to define
tensile stress as positive and compressive stress as negative.

Stress has units of newtons per square meter [N/m?] or pascals [Pa] and [MPa].

and normal to itS axis after deformation. 1his hypothesis is kmown as the hypothesis of
plane sections. It is supported by experimental evidence for sections sufficiently far
removed from the point of application of the force P. By accepting this hypothesis it is
assumed that all longitudinal elements of the bar are stretched in the same manner. The
axial forces produce a uniform stretching of the bar, and the bar is said to be in tension. To
determine internal stresses produced in the bar by the axial forces we apply the method of
sections. Imagine the bar cut into two parts at section m-n (Fig.1b). Because this section is
taken perpendicular to the longitudinal axis of the bar it is called a cross section. WWe now
isolate the part of the bar to the left of the cut as a free body (Fig.1c). The tensile load P
acts at the left-hand end of this free body; at the other end are forces representing the
action of the removed part of the bar upon the part that remains. These forces are

continuously distributed over the cross section.

I Lot I/ A is to be valid the stress ¢ m he uniformly distributed

over the cross section of the bar. This condition is realized if the axial force P acts through
the centroid of the cross-sectional area. When the load P does not act at the centroid,
bending of the bar will result.

The uniform stress condition exists throughout the length of the bar except near
the ends where loads are applied. The load usually is concentrated over a small area,
resulting in high localized stresses (called stress concentrations) and nonuniform stress
distributions over a cross section in the vicinity of the load. As we move away from the
ends, the stress distribution gradually approaches the uniform distribution. It is usually safe
to assume that the formula o = N/ A may be used with good accuracy at any point within
the bar that is at least a distance d away from the ends, where d is the largest transverse

dimension of the bar.
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NORMAL STRAIN

An axially loaded bar undergoes a change in length, becoming longer when in
tension and shorter when in compression. The change in length is denoted by the Greek
letter & (Fig.1b).

This increment in the length of the bar is called the total or absolute elongation in
tension; in the case of compression it is called the total or absolute contraction
d=L —-L

the total elongation & is equal to the difference between

the final length L4 of the bar and its original length L

The absolute elongation depends obviously on the original length of the bar.
Therefore, a more convenient measure of deformation is elongation per unit length, or

strain, denoted by the Greek letter € and given by the equation

E=

L

¢ is equal to the ratio of & to L

If the bar is in tension, the strain is called a tensile strain, representing an
elongation or stretching of the material. If the bar is in the compression the strain is a

compressive strain and the bar shortens Tensile strain is usually taken as paositive and

Lecture 3

o point 0 0 0 seven

zero point zero zero zero seven
point three oes seven

point three nougths seven

seven times ten to the minus fourth power

r WORDS AND WORD COMBINATIONS

accuracy TOYHOCTb, TLWATEJIbHOCTb

amount KONMYeCcTBO
to approach npubnmxaTtbes
axial force oceBas cuna
the bar is in tension Gpyc paboTaeT Ha pacTsikeHune
centroid LIEHTP TSXKECTU ceYeHus
to contract cokpallaTh(csl), CKuMaTb(cs), CyxusaTb(cs)
contraction yKopoyeHue
corresponding COOTBETCTBYIOLLNIA, COOTBETCTBEHHbIN
cross-section nonepevHoe ceyeHune
customary 0BbIYHbIA, NPUBbLIYHbI

to define onpepensaTb, AaBaTb onpeaenexHne

compressive strain as negative. The strain ¢ is called a normal strain because it is
associated with normal stresses.
Normal strain ¢ is a dimensionless quantity, it has no units, it is a pure number.
Numerical values of strain are usually very small, especially for structural
materials, which ordinarily undergo only small changes in dimensions. As an example,
consider a steel bar having length L equal to 2.0 m. When loaded in tension, the bar might

elongate by an amount & equal to 1.4 mm. The corresponding strain is

5 14x10°m
L ey 200

€=

=0.0007=7.0-107*.

to elongate pacTarmBaTh, YANUHATD

elongation yarnnHeHne
evident ABHbIN, O4EBUOHbBIN, ACHbIN
furthermore kpome Toro, 6ornee Toro, k Tomy e
hypothesis (pl. hypotheses) runoTesa

increment yBenuyeHne, NpupocT

He MeHee, YeM Ha pacCTOAHUN dort

at least a distance d away from
longitudinal NPOAONbHbIN
nonuniform distribution HepaBHOMepHoe paénpeneneuue
ordinarily 06bIYHO

original nepBoHavarnbHblil




20 Lecture 3
perpendicular nepneHanKynApHbIn
the point of application TOYKa NPUNOXKEHUS

precisely TOYHO, KaK pa3

to produce NPOU3BOAUTH

quantity KONnM4yecTBO; MaT. BENUYNHa

to refer oTcbinaTh (K - to);

OTHOCUTbCA, NMETb OTHOLLEHWUE

to remove yaansaTtb, nepemMellaTtb

to shorten yKopaumnBaTb(csi), CoKpaLaTb(cs)

sign convention npaBumno 3HaKkoB
strain Aedopmauums
sufficiently AO0CTaTO4YHO
tensile pacTsarusarLmmn
o, YMHOXeHHas Ha nnowaab A
paBHOMEPHbIN
000CHOBaHHbIN, UMEOLLNIA cuny
BENMUYMHA, 3Ha4YeHne

nobnunsocTtu (oT - of), B oKpecTHocTuK, BOGNN3n
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HOOKE'S LAW

The famous English scientist Robert Hooke (1635 - 1703) established the linear
relationship between the applied load and the resulting elongation (1678). For a bar in
tension or compression, Hooke's law expresses direct proportionality between stress and
strain

c=Ecs (1)

( o is equal to the product of E times € or ¢ is equal to E by € J

This proportionality (or linear relationship) is violated when the stress exceeds a
certain limit called the proportional limit. The proportional limit for material is established by
experiment.

In Eq.(1) E is a constant of proportionality known as the modulus of elasticity for
the material. The units of £ are the same as the units of stress, inasmuch as strain is
dimensionless, typical units of £ are MPa in SI units, or GPa. The modulus of elasticity is
often called Young's modulus, after another English scientist, Thomas Young (1773-1829)
who introduced it into the science.

The magnitude of the modulus of elasticity is established experimentally.

Moduli of elasticity:

steel E = 200 GPa,
E= 100 GEa:

castiron E =100 GPa,

copper aluminum E =70 Gpa,

symbol G means multiplication factor 10°.

Modulus of elasticity characterizes the stiffness of the material, that is its ability to
resist deformation, that follows from the equation

€= (2)

For one and the same stress, the strain will be smaller for the material for which £
is larger. Formula that expresses Hooke's law may be written in an alternate form.
Substituting the appropriate expressions for o = N/A and € = 5 /L we obtain the equation
for the elongation of the bar

N L

e

3)
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From the formula, it follows that the elongation (contraction) of the bar is directly
proportional to the length of the bar, and inversely proportional to the cross-sectional area
and the modulus of elasticity. The product £ A in the denominator of Eq.(3) is known as the
axial rigidity of the bar.

The stiffness of the bar K is defined as the force required to produce a unit
elongation

K=N or K:EA
S L

The flexibility fis defined as the elongation due to a unit load

£

fi=
or EA

The flexibility is the reciprocal of the stiffness

f:K

Equation (3) can be adapted to handle more general situation.

Lecture 4

e L,
8: / I
Ze

§ is equal to the sum from / equals one to / equals n of capital N sub i

times capital L sub / all over capital E sub / by capital A sub /i

in which the subscript i is a numbering index for the various parts of the bar and n is the

total number of parts. N; is an axial force in part / (internal force).

Fig.2

Fig.1

Suppose, for instance, that a prismatic stepped bar (Fig.1) is loaded by some
number of intermediate axial loads. We can determine the axial force in each part of the
bar by statics, then calculate the elongation or shortening of each part separately. Finally,
these changes in length can be added algebraically to obtain the change in the length of
the entire bar.

In general, the total elongation & of a bar consisting of several prismatic parts

having different axial forces, dimensions, or materials may be obtained from equation

If either the axial force or the cross-sectional area varies continuously along the
axis of the bar (Fig.2) the elongation of the entire bar is obtained by integrating over the

length the expression for the elongation of a differential element of a bar

S :j d5.= :j EN,(A)((>)<) dx

§ is equal to the integral of N of x multiplied by dx divided by E

multiplied by A of x, from 0 to L

The force N(x) at the cross section at distance x from the support is known in

terms of x (Fig.2)
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N(x)= ['_fq(g) d¢

Also, the cross-sectional area A(x) at that section may be expressed as a function of x.

WORDS AND WORD COMBINATIONS

npucnocobuTs

I'IpI/IGaBﬂﬂTb; npucoeanHATb, OOMOJTHATL

to alter N3MeHsATb(cA); nepenenbiBaTh

alternate design BapunaHT rnpoekTa

aluminum antoMnHMn
appropriate NOAXOASALLNIA, COOTBETCTBYOLLMNA
cast iron

copper

denominator MaT. SHaMeHaTellb

directly proportional NMPsSIMO NPONOPLIMOHASTbHbIN

to exceed npeBbILaTh, NPEBOCXOANTD
flexibility noaaTnMBOCTb, TMOKOCTb
prefix, means 10°

BBMAY TOr0, YTO; TaK Kak

NMPOMEXYTOYHbIN

inversely obpaTHo

to multiply MaT. YMHOMATL
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Lecturé 5
POISSON'S RATIO

When a prismatic bar is loaded in tension, the axial elongation is accompanied by
lateral contraction (normal to the direction of the applied load). This change in shape is
pictured in Fig.1, in which the dashed lines represent the shape before loading and the
solid lines give the shape after loading. In metals the changes in lateral dimensions are
usually too small to be visible. However, they can easily be detected with measuring

devices.

The lateral strain at a point in a bar is proportional to the axial strain at the same

point if the material is linearly elastic. In order for the lateral strains to be the same

mMaT. NpousBefeHue
npegern nponopLMoHanbHOCTH
obpaTHasa Benn4yvHa

CBA3b, COOTHOLUEHUE

stepped bar CTyneH4yaTbIn 6pyc

stiffness YKECTKOCThb

to substitute 3aMeHATb, 3aMellaThb

variable MaT. NepeMeHHas Bernn4nHa,
N3MEHUYMBbIN; NepPEMEHHbI; HEeNMOCTOAHHbIN

HapyLaTh (3aKOH 1 T.4.)

throughout the bar, the material must be homogeneous and isotropic.

The absolute value of the ratio of the strain in the lateral direction to the strain in

the axial direction is known as Poisson's ratio and denoted by the Greek letter v, thus

| lateral strain |
Vi - ]
' axial strain |

Poisson's ratio is named for the famous French mathematician Simeon Denis
Poisson (1781 - 1840), who attempted to calculate this ratio by a molecular theory of
materials. For many metals the value of Poisson's ratio is in the range 0.25 to 0.35. For all
materials v is in the range 0.0 to 0.5. Poisson's ratio normally is established

experimentally. Materials with extremely low value of Poisson's ratio include cork, for
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which v is practically zero, and concrete for which v is about 0.1 or 0.2. Rubber comes
close to the upper limit for Poisson's ratio that equals 0.5.

Poisson's ratio for some materials:
v =0.27-0.30,

steel cast iron

v =0.20-0.30,
aluminum v = 0.33, pure copper v = 0.33-0.36

The lateral contraction of a bar in tension, or the lateral expansion of a bar in
compression is an illustration of how a normal strain can exist in a certain direction without

a normal stress acting in the same direction.
VOLUME CHANGE

Because the dimensions of the bar in tension or compression are changed when
the load is applied, the volume of the bar changes too. The change in volume can be
calculated from the axial and lateral strains. Let us take a small element of isotropic
material cut from a bar in tension (Fig.1). The original shape of the element (shown in the
figure by the dashed lines) is a rectangular parallelepiped having sides of length a, b, ¢ in
the X, Y, Z directions, respectively. The X axis is taken in the longitudinal direction of the
bar, which is the direction of the normal stress ¢ produced by the axial forces. The final
shape of the element is shown by the solid lines. The elongation of the element in the
direction of loading is € a, where ¢ is the axial strain. Because the lateral strains are —¢ v,
the lateral dimensions decrease by ve b and vec in the Y and Z directions, respectively.

Thus, the final dimensions of the element are (1+¢) a, (1-ve) b and (1-ve&) ¢, and the
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comparison with ¢ itself and may be dropped from the expression. Therefore, the final

volume of the element is
V.=(1+e-2ve)abe
and the change in volume is

(¢

AV=VF—V0=(1—2v)sV0=(1—2V)E

Vi

where V, = a b ¢ is the original volume.
The unit volume change © is defined as the change in volume divided by the

original volume

4\—/——:(1—2\1)8 :(1-—2 V)
Vo

®= -

The maximum possible value of v for ordinary materials is 0.5, because any larger
value means that the volume decreases when the material is stretched, which seems
physically unlikely. For most materials v is about 1/4 or 1/3 in the linear elastic region, so
the unit volume change is in the range 0.3¢ to 0.5¢. In the perfectly plastic region of

behavior, no volume changes occur, so Poisson's ratio may be taken as 0.5.

WORDS AND WORD COMBINATIONS

MyHKTUPHAs NUHUS

final volume is

Ve =(1+e)(1-ve)(1-ve)abe

Round brackets opened one plus € round brackets closed,
open round brackets one minus v times ¢, close the round brackets,

parentheses one minus veg, close parentheses, abc.

When the expression is expanded, we obtain terms involving the square and cube

of €. Because ¢ is very small compared to unity, its square and cube are negligible in

(3peck) onycTuUThb
to expand MaT. packpbiBaTb hopmyny
lateral nonepeYHbIin, 6OKoBOW

measuring device n3mepuTenbHbIN Npubop, npucrnocobnexne

negligible He3Ha4YnTENbHbIN,
He MPVHUMaeMblil BO BHUMaHWe

original nepBoHa4arnbHbIV

parallelepiped napannenenunes
30Ha, 0bnacTb
B AnanasoHe, B Npeaenax ot a fo b

NPSIMOYTrONbHbIN
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respectively COOTBETCTBEHHO
rubber pesunHa
mart. YneH

unit volume change OTHOCUTENbHOE U3MeHeHne obbema
unlikely

volume
( ) round brackets; parentheses Kpyrnble ckobku
[ ]square brackets; brackets KBagpaTHble cKobKu

{ }curly brackets; braces hurypHbie ckobku
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Lecture 6
EXPERIMENTAL STUDY OF MATERIALS IN TENSION AND COMPRESSION

The mechanical properties of materials used in engineering are determined by
tests performed on small specimens of the material. The tests are conducted in materials-
testing laboratories equipped with testing machines capable of loading the specimens in a
variety of ways, including static and dynamic loading in tension and compression.

In order that test results will be comparable, the dimensions of test specimens and

the methods of applying loads have been standardized.
TENSION TEST

The ASTM ' standard tension specimen is a cylindrical specimen (Fig.1) that has a
diameter of 12.8 mm and a gage length of 50.8 mm. Gage length is a distance between
the gage marks, which are the points where the extensometer arms are attached to the

specimen.

-

extensometer

do

a) Cylindrical specimen Lo

before-loads-are-applied
gage length

=T

Lo

b) The specimen after fracture

Fig.1

" ASTM - the American Society for Testing and Materials, one of the major standards

organizations.
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As the specimen is pulled, the load P is measured and recorded, either
automatically or by reading from a dial. The elongation over the gage length is measured
simultaneously, either by mechanical gages of the kind shown in Fig.1a or by electrical-
resistance strain gages. In a static test, the load is applied very slowly. In a dynamic
test the rate of loading may be very high and must be measured because it affects the

properties of the materials.
TENSION TEST DIAGRAM

The behavior of materials in tension is best understood from a consideration of a
curve called a tension test diagram. It is usually obtained from a diagram in the

coordinates: tensile force P and absolute elongation of a specimen §. A P-§ diagram may

be traced by a recording instrument.

A diagram of these coordinates will, of course, depend on the dimensions of a
specimen. In order to make these diagrams independent of the dimensions of test pieces
and comparable for different materials, the ordinate should represent stress ¢ obtained by
dividing the tensile force P by the initial cross-sectional area Ay of the specimen (o = P/ Ag
-normal stress). The abscissa should represent strain (¢ =&/Lg - normal strain). This

diagram gives the stress - strain relation for the specimen over the duration of the test.

STRUCTURAL STEEL DIAGRAM

Lecture 6 3

However, high-strength steels can have proportional limits of 550 MPa and more. The

slope of the straight line from 0 to A is the modulus of elasticity.
With the proper use of scales, we can obtain the modulus of elasticity as the ratio

E=cls.

e curve

& tru =
conventional

E (ordinary)
curve

Ultimate stress

Yield stress
Proportional limit

L Necking

l— Strain hardening

Perfect plasticity or yielding

Linear region
c=Esg

5

Beyond the proportional limit, the stress-strain diagram has a smaller slope, until,

Fig.2

at point B, the curve becomes horizontal. Beginning at this point, considerable elongation
occurs with no noticeable increase in the tensile force (from B to C). This phenomenon is
known as yielding of the material and point B is called the yield point. The corresponding

stress is known as the yield stress (o). In the region from B to C, the material becomes

The first material we will discuss is structural steel, also known as mild steel or
low-carbon steel. Structural steel is one of the most widely used metals. Consider the
diagram plotted in coordinates c - € (stress versus strain) (Fig.2).

The diagram begins with a straight line from origin 0 to point A, which means that
stress and strain are proportional. The linear relationship between stress and strain in
simple tension and compression is expressed by the equation ¢ =E¢ that is known as
Hooke's law. This straight line makes a very small angle with the axis of ordinates, i.e., the
elongations of the specimen increase slowly in this portion. Beyond point A, the
proportionality between stress and strain no longer exists; hence, the stress at A is called

the proportional limit. For low-carbon steel this limit is in the range 200 to 280 MPa.

perfectly plastic, which means that it can deform without-an-increase-it

The material is said to undergo plastic flow. The elongation of mild steel specimen in the
perfectly plastic region is typically 10 to 15 times the elongation that occurs between the
onset of loading and the proportional limit.

When materials having a pronounced yield point are stretched, it is easy to
observe the onset of yielding. If, for example, a tension testing machine is provided with a
pointer indicating tensile forces, the pointer stops moving and remains at the same
division for some time when the vyield point of the material is reached though the
deformations of the specimen continue to grow.

The onset of yielding in the material can be noticed also by observing the

specimen itself. The polished surface of the specimen dulls and gradually becomes
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lustreless when the yield point is reached. Under close examination the surface exhibits
lines inclined at about 45° to the axis of the specimen. The number of these lines, known
as Liders' lines, increases gradually and eventually the surface of the specimen becomes
dull. The occurrence of these lines and their propagation throughout the length of the
specimen are evidence of the shears produced in crystals of the material.

The vyield point is a very important characteristic of the mechanical behavior of a
material since stresses above the vyield point produce impermissible permanent
deformations.

After passing the yield point the material recovers its ability to resist deformation.
The steel begins to strain harden.

Point D corresponds to the maximum value of tensile force. The stress equal to

the ratio of the maximum force to the original cross-sectional area of the specimen is

called the ultimate stress
P

G_max
e A
0

The ultimate stress is a very important strength characteristic of a material,
particularly important for brittle materials, such as cast iron, hardened and cold-drawn
steel, which undergo relatively small deformations at fracture.

After the ultimate stress is reached, a local reduction of area of the specimen,
called necking, begins to occur gradually. During necking the specimen elongates mainly
at the necked-down portion while the remainder of the specimen elongates only slightly.

Since during necking the cross section at the neck becomes smaller and smaller. the
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elongations to the original length. The cross section and length of the specimen vary
continuously during the test. However, the ordinary diagram closely coincides with the true
one up to the yield point. In the true diagram (curve ABE" in Fig.2) the ordinate is the
stress obtained by dividing the force by the corresponding value of the minimum cross-
sectional area of the specimen and abscissa is the true strain or natural strain, i.e. the

change in length divided by the length of the specimen at the current instant.

r WORDS AND WORD COMBINATIONS

actual OENCTBUTENBHbIN

actually B AEWCTBUTENTbHOCTHN
to affect BO34ENCTBOBATD,

BMUATH (Ha YTo-NMbO, KOoro-nNudo);
(ynoTpebnseTcs 6e3 YacTuLibl)
MPUKpennsTb, NPUCOEANHATb
CBepX, Bblllie; 3a, BHE

XpynKumn

coBnagaTb, COOTBETCTBOBATb

to conduct nNpoBOAUTb
to correspond COOTBETCTBOBATL (Yemy-nnbo with, to)
device npubop, npucrnocobneHne

Luuchbepbnat, Kpyrnas wkana

deformation of the specimen occurs with decreasing load.

At a stress corresponding to point E the specimen ruptures. The stress at rupture
is below the ultimate stress in the tension test diagram. This is due to the fact that we
agreed to calculate the stresses on the basis of the original cross-sectional area of the
specimen. Actually, at the time of rupture the material develops the maximum stress since
the area of the necked section becomes a minimum at that time (Fig.1b).

This stress (the fracture stress) is called the true ultimate stress

Pe _ndriin

where A

(e} — ?
TRUE A ’ min 4
min

The diagram considered above is termed an ordinary or conventional stress-strain

diagram since the stresses are related to the original cross-sectional area and the

aenexuve
genatb(cs) TyCKMbIM
duration BpEMSsi [ENCTBUSA, MPOAOIIKUTENBHOCTD
electrical-resistance strain gage TEH304aTunK
to equip cHabxaTb, obecneynsaTtb
eventually B KOHLIe KOHLIOB, B Utore
to exhibit NposiBNATH, NokKasbliBaTb
extension BbITArMBaHue
TEH30METP
paspyLueHue, aBapus

paspyLUeHne; TpeLyHa, N3nom
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Mepa, pasmep, WabnoH; specimen obpaseu
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