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PROPERTIES OF MATERIALS

Important Mechanical Properties

e Elasticity : It is the property by virtue of which a material deformed
under the load is enabled to return to its original dimension when the
load is removed.

..................................................................................

M If body regains completely its original shape, then it is called
perfectly elastic body.

M Elastic limit marks the partialbreak down of elasticity beyond which
removal of load result in a degree of permanent deformation.

M Steel, Aluminum, Copper, may be considered to be perfectly elastic
within certain limit.

e Plasticity : The characteristics of the material by which it undergoes
inelastic strain beyond those at the elastic limitis known as plasticity.

..................................................................................

M This property is particularly useful in operation of pressing and
forging.

M When large deformation occurs in a ductile material loaded in plastic
region, the material is said to undergo plastic flow.

e Ductility: (oytz 0,02 T) (More fracture strain, more ductility)

Itis the property which permits a material to be drawn out longitudinally
to a reduced section, under the action of tensile force.

Remember: [Frrrrrr U

M A ductile material must posses a high degree of plasticity and
strength.

M Ductile material must have low degree of elasticity.
This is useful in wire drawing.



MRDE ERSY Strength of Materials < 3

e DBrittleness: (cycz T> Gyt) (More ultimate stress, more brittle). It is lack
of ductility. Brittleness implies that it can not be drawn out by tension
to smaller section.

Remember: [FTrrrrrrrr RO UR TR TTPREPR

M In brittle material, failure take place under tensile load without
significant deformation.

M Ordinary Glassis nearly ideal brittle material.

M Cast iron, concrete and ceramic material are brittle material.

M As the percentage of carbon increases in steel (2-5%), fracture strain
decreases and strength increases, in other words, brittleness
increases.

e Malleability : It is the property of a material which permits the material
to be extended in all direction without rupture. (turn into v sheets).

Remember: [Frrrrr PR PR UPTRPRR

M A malleable material posses a high degree of plasticity, but not
necessarily great strength.

e Toughness: It is the property of

material which enables it to

absorb energy without fracture.

e Toughness is equal to area under
load deflection curve upto fracture. ,
Modulus of toughness e, €
U; = Area under stress-strain curve of materlal upto fracture

) (“_WJ -
2

Remember: [Frrrrrrrrr PR PR TPREPR

M ltis desirable in material which is subjected to cyclic or shock loading.
M Bend test used for common comparative test of toughness.

e Resilience
It is the total elastic strain energy which can be stored in the given
volume of metal and can be released after unloading.
Itis equal to area under load deflection curve within elastic limit.

e Resilience: Ability of a material to absorb energy in the elastic region
when it is strained.

<—UT Modulus
: of toughness

= Area under P-8 curve = %P X
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= ) Modulus Resilience = 1 PA
o |Elastic limit of Resilience o 2
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o, = 5 Oyx€y Resilience = 5 Pele
: Pel
s Pl
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e Proof Resilience: Maximum energy absorbing capacity of a material
in the elastic regionis called proof resilience. It is equal to the area of
the load deflection curve upto elastic limit. In other words, when the
resilience becomes maximum, it is said to be proof resilience.

= Areaunder P-d curve = %PEL xdg
Here P, = Load at elastic limit

8-, = Elongation upto elastic limit
" 2
Modulus of Resilience = Proof Resilience = %e
Volume 2E

Here o = Strain at elastic limit
E = Modulus of elasticity
e Modulus of Resilience: It is the maximum strain energy that can be
stored i a unit volume of material upto elastic limit. It is equal to the area
of the stress-strain curve under elastic limit. Itis the property of material.
e Hardness : Itis the ability of a material to resist indentation or surface
abrasion.

Remember: [Frrrrrrrrr oo PR PR UPREPRR

M Brinell hardness test is used to check hardness.
P

Po-o]

where, P = Standard load; D = Diameter of steel ball (mm);
d = Diameter of indent (mm)

e Strength: This property enables material to resist fracture under load.

..................................................................................

M Load required to cause fracture, divided by area of test specimen,
is termed as ultimate strength.

M This is most important property from design point of view.

M Design stress for ductile material is yield stress, whereas for brittle
material it is ultimate stress.

M Brinnell hardness number =
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e Creep : Creep is a permanent deformation which is recorded with
passage of time at constant loading. Itis plastic deformation (permanent
and non-recoverable) in nature.

M The temperature at which creep is uncontrollable is called
Homologous Temperature.

e Fatigue : Due to cyclic or reverse cyclic loading fracture failure may
occur if total accumulated strain energy exceeds the toughness. Fatigue
causes rough fracture surface even in ductile metals.

e Endurance Limit: Itis the stress level below which even large number
(10°) of stress cycle can not produce fatigue failure.

e Tenacity
It is the ability of a material to resist fracture under the action of tensile load.

STRESS AND STRAIN

Stress (N/mm?3)
It is the resistance offered by the body to deformation.
Load
Original Area of cross section
Load
True (Actual) Area of cross section
e Stress develops only if strain is resisted.

e Nominal stress (Engineering stress) =

e Actual/True stress =

Types of stress

Y {

Normal stress Shear stress
i | } + | ¢
Direct normal stress Bending stress  Direct shear stress Torsional shear stress

Uniform Linear Parabolic Linear

Strain

e Strain is the deformation of a material from stress.Deformation that
are applied perpendicular to the cross-section are normal strains, which
deformation applied parallel to the cross-section are shear strain.



6 » A Handbook for Civil Engineering MRDE EASY

AL~ —F
| L <AL~ T // //,
L Ly ;
- — S ,
P . P i / /
) AL
Normal strain = —
L Shear strain,t=tan 0 ; 0 = AL

L

Remember: [Frrrrrrrrr oo PR PR UPREPRR

M It is a dimensionless quantity.
M Strain is the measured quantity whereas stress can not be measured
directly.

Engineering Stress-Strain curve of mild steel for tension under
static-loading

OA -Straight line proportional region,

Stress OB - Elastic region
Oufogmmmmm-oo= IE BC - Elasto plastic region
%y 5 . ,F CD - Perfectly plastic region
A P i i DE - Strain hardening

' ' ' EF - Neckingregion
o E:y 1:_5% < 'ef Sirain (%) - Limit of proportionality

Elastic limit
C’- Upper yield point

D - Strain hardening starts

E - Ultimate or maximum stress point

- Lower yield point
- Fracture point

—m O T >

e Limit of Proportionality: Itis the stress at which the stress-strain curve
ceases to be a straight line.

..................................................................................

M Hooke'’s law is valid upto proportional limit.

e Elastic Limit : It is the point on the stress-strain curve upto which the
materials remains elastic.

..................................................................................

M Upto this point there is no permanent deformation after removal of
load.
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e Plastic Range: It is the region of the stress-strain curve between the
elastic limit and point of rupture.

e Yield Point: This point is just beyond the elastic limit, at which the
specimen undergoes an appreciable increase in length without further
increase in the load.

e Rupture Strength: Itis the stress corresponding to the failure point ‘F’
of the stress-strain curve.

e Proof Stress: It is the stress necessary to cause a permanent
extension equal to defined percentage of gauge length.

Relation between True stress and Engineering stress

True curve

Engineering
curve

0 Tension
True curve

Engineering curve
Compression

P
Engineering stress = —, Engineering strain =

3
Ao Lo

P AL
True stress = X True strain = T’(L =lg* AL)

Type of Tension failure in Metal

(a) Ductile metal (Shear failure)

Failure plane is at 45° Cup-cone fracture
P~ }ffji@ < i 2
cup cone

(b) Brittle metal (Tension Failure)

Failure plane is at 90°\~i

P e . p
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Stress-Strain Diagram for Various type of Steel/Material

) 2
S(N/mm’)  (Most brittle) o(N/mm’)

High tension steel

High yield steel
(Most tough) Mild steel
(Ductile)
Mild steel
(Most ductile)

Concrete
Rubber

€% — € —»
All grades of steel have same young’s modulus but different yield stress.
Ductile material

If post elastic strain is greater than 5%, it is called ductile material.

It undergoes large permanent strains before failure.

Large reduction in area before fracture,e.g. lead, mild steel, copper
Brittle Material

e |f post elastic strain is less than 5%, it is called brittle material.

e [t fails with only little elongation after the proportional limit is exceeded.

e \Very less reduction in area before fracture, e.g. Bronze, Rubber,

Glass.

Behavior of Various Material

N N N G Elasto plastic
«© with strain
Q}Qrf"' hardening
& Elasto
<& - Perfectly
Y plastic Plastic
€ e IS c
N c c
Visco-elastic
Ideal
rigid Ideal
Fluid
€ S L »€c

Where o= Stress, € = Strain

..................................................................................

v ‘Mild steel’is more elastic than ‘Rubber’.
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Hooke’s Law
When a material behaves elastically and exhibits a linear relationship
between stress and strain, itis called linearly elastic. For homogeneous
and isotropics materials, stress (o) is directly proportional to strain (€).
c<e—>o=FE.¢€
where, o = Stress; € = Strain; E = Young modulus of elasticity

1 1
* £ o Esteel

. = — F . ~
steel"
cast iron ) Aluminium 3

e Homogeneous: Same property at any point in one direction.
e |Isotropic: Same property in all direction at a given point.

Axial elongation (A) of prismatic bar due to external load

PL Here, P = Load applied _
A=— L = Length of bar
AE
A = Area of bar AE ,
E = Young modulus l
P P K = AEJL = Axial stiffness of bar
A=ErT K AE = Axial rigidity I
e EllL = Flexural stiffness

El = Flexural rigidity
Deflection of bar (A) due to self-weight

Prismatic bar Conical bar
_wL ot Ao
T2AE  2E T 6E  2AE
Here,
Here, W = Total Self weight Y = Specific weight

L = Length of bar
E = Young’'s modulus
A = Base area of cone = ZDQ

f D I

T

L

x V
l

S

0

Stress diagram
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Deflection (A) of Tapered Bar

Circular tapering bar Rectangular tapering bar with constant thickness|

4PL B
A= PL log, | =2
TCED1 D2 _ B1
 Ext(By- By)

: f
f |

— [ —

Equivalent Young’s Modulus of Parallel Composite Bar

E. . _ A1 E1 + A2 E2
equivalent = 7/41 " A2 A, E,
where, A,=Area of first bar; A, = Area of P< >P
second bar; E, = Young's modulus of first A B
bar; E, = Young's modulus of second bar | / |

ELASTIC CONSTANTS

Elastic constants are those factor which determine the deformation
produced by a given stress system acting on material.

_ Longitudinal stress

B Longitudinal strain

_ Shear stress

" Shear strain

_ Direct stress

~ Volumetric strain

® Modulus of elasticity (E)

Modulus of rigidity (G)

Bulk modulus (K)

—(Lateral strain)
Longitudinal Strain)

Poisson’s Ratio, 1. = (

Under uniaxial loading,
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Material u
For cork 0
For perfectly plastic body (Rubber) 0.5
For elastic metals 0.25t00.42
For concrete 0.1t0 0.2
Mild steel 0.286
Volumetric Strain under Tri-Axial Loading 5,
6,+0,+0, i
€y =€, +€, +e, =——7——(1-2) |
Under hydrostatic loading,
6.=06,=0,=0 Cre—
X y z \‘
30
€y = fﬁ - 2y) Oz,

Uni-axial Loading on Rectangular Parallel pipe

4.
p —J 6 Al ©

e, =— = —
X T E
1
Ab uo Ad uo
y_—:—— EZ__:__
b E d E

Here, €, eyand € ,are strain in x, y and z directions respectively.
Al, Ab and Ad are change in length, width and depth respectively.
[/, band d are original length, width and depth respectively.

Tri-axial loading on Rectangular Parallelopipe
1™

s z o, MO, o,

N
X
(e}
/
Remember: [Frrrrrrrrrr TP TP

ex:———— =
y E E E
Oy t— Oy wo, wmo, &b
! d x S=F " F F °

M Sign convention: Tensile is positive, and Compressive is negative.
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Volumetric Strain of Cylindrical Bar
: L

(:' O Io

€, = Longitudinal Strain + (2 x Diametric strain)

Volumetric Strain of Sphere

ey = 3 x Diametric strain
Matrix Representation of Stress and Strain

3-D stress matrix 3-D strain matrix
O xx ‘ny Tz —E ¢_xy (be |
Tyx Oy Tyz T2 2
Tzx Tzy Oz (]Z" €, q)zi
0,
Relation betweenE, G, K, pu
e E=3K(1-2u) o E=2G(1+n)
9 KG 3K -2G
T3K+G * MTeK+oG

Here, E = Young’s modulus, G = shear modulus
K = Bulk modulus, uy = Poisson ratio

Material Number of Independent elastic constant
Homogeneous & Isotropic 2
e | Orthotropic (Wood) 9
Anisotropic 21
Strain Energy

It is the ability of material to absorb energy when it is strained
1 _1 Here, P = Applied load
U= §PX6 T2 70 d =Elongation due to applied load
T =Applied torque
0 = Angle of twist due to applied torque
Thermal Stress and Strain

A=LoaT where, 6 = Thermal stress
LoT o = Coefficient of thermal expansion
Strain = ol _ aTl T = Temperature change

A = Changeinlength
OThstress = EauT
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Osteel = Olconcrete = 12X 10_6/OC

Ol Aluminium = OlBrass = 0‘Copper > Ogteel

Remember: [FTrrrrrrrr RO PR PR TPRPR

M When bar is free to expand then there will be no thermal stress due
to change in temperature.

M To calculate thermal stress following relation can be used. (Increase
in length due to temperature change) = (Decrease in length due to
reaction force)

SHEAR FORCE AND BENDING MOMENT

Types of Beam Supporting conditions

Simply supported beam | On€ end hinged other A
Py supp end supported on rollers.
Determinant Beam

Indeterminant Beam

Fixed Beam Both ends fixed

One end fixed other

Cantilver Beam
end free

Determinant Beam

Continuous Beam More than 2 supports A A

Indeterminant Beam

. One end fixed, otherend |
Propped Cantilever Beam supported by rollers. A

Indeterminant Beam

Overhanging Beam Some portion of beam A
overhangs.

Determinant Beam

Remember: [F v U TP TPTRPRR

M Displacement resisted: Reaction force develops.
M Rotation resisted: Reaction moment develops.
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ShearForce

It is the internal resistance developed at any section to maintain free
body equilibrium of either left or right part of the section.

e Sign Convention : Shear force having an
upward direction to the left hand side of section T ® l l O T
or downward direction to the right hand side of
section will be taken positive and vice-versa.

..................................................................................

M Itmay be horizontal or vertical. Shear force at any section is algebraic
sum of all transverse forces either from left or right of that section.

Bending Moment

Bending moment at any section is the internal reaction due to all the
transverse force eitherfrom left side or from right side of that section.

..................................................................................

M Itis equal to algebraic sum of moments at that section either from
left or from right side of that section.
M Bending moment is different from twisting moment.

e Sign convention of Bending moment

A bending moment causing concavity upward will be ()

taken as positive and called sagging bending moment. Sagging

A bending moment causing convexity upward will be
taken as negative and will be called a hoggingbending ( )
moment. Hogging

Relationship Between Bending Moment (M), Shear Force (S) and
Loading Rate (w)

e Rate of change of shear force for a section of beam is equal to load
intensity for that section of beam.
ds _
dx
Here, w = Load per unit length
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..................................................................................

M Negative slope represents downward loading.

e Rate of change of bending moment along the length for a section
of beam is equal to shear force for that section of beam.

am

dx *
..................................................................................

M At hinge, bending moment will be zero.

M Bending moment is maximum or minimum when shear force is zero
or changes sign at a section.

M If degree of loading curve = nthen
degree of shear force curve = n + 1
and degree of bending moment curve = n+ 2

M Point of contra-flexure/inflexion is that point where bending moment
changes its sign.

M If concentrated load acts at a section on loading diagram, then in shear

force diagram a jump is observed on that section. Similarly, if concentrated
moment acts then there is a jump in bending moment diagram.
For maximum positive bending moment to be minimum possible,
the magnitude of maximum bending moment on the positive side is
equal to the magnitude of maximum bending moment on negative
side. (Such that it is equally distributed on both sides).

PRINCIPAL STRESS-STRAIN

Principal Stress

Principal stress is maximum or minimum normal stress which may be
developed on a loaded body.

Remember: [FTrrrrrrrrrrr RO R TPTTPTRPR

M The plane of principal stress carry zero shear stress.

Sign Conventions — —
e Tensile stress is considered l ® |Txy Txy| © ‘
positive and compressive

stress is negative. Positive shear stress Negative shear stress





