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Bearing stress (Jeail) agal ¢ L) Agal):-

Bearing stress occurs (<) when there is contact (o«e35) between two bodies.

The external applied force(dalwal) 3 4ill) is known as bearing and the contact
pressure (k<) between the two bodies is known (<) as a bearing stress.

Bearing occurs between the post (2s«) and plate (4asiw) |, plate and footing (wstuY)) |
and between the footing and the soil (4.5).

Bearing force

Bearing stress = _
g normal area carrying the load

T TTITT T

Shearing stress (u<dll dgal).-

Shearing stresses occur when the force being resisted acts in the plane of the
reacting area.
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Shearing stress =

Shearing force

Area being sheared

Ss

F

~ Area (abcd)
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Some examples of shearing stresses:-

Example:-

The bar shown in fig. below must carry (Jit/Jeas) a load of 45 Kn.
Calculate the shear stress in the bolt (4 , if the diameter (J2&1) =12.5

mm.
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Sol/ The shear area = 2 X (E X Dz) =2 X (E X (12. 5)2) = 245 mm?*
4 4

oo F_4sx1000 .
S= 4T T 225 ~ 183.67N/mm

Example (H.W):-

A punch is used to punch (<) a (25mm) dia. Hole (52%) in a plate (6mm)
thickness (&aw). If the ultimate (<) shearing stress in the material is 345 Mpa
.Determine the necessary (su9x<) shearing force.

)
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Deformation (8) (6.g<l)):-

When an engineering material is subjected to force that can change in the shape
dimensions .the total change in a dimension due to an applied force is known as

deformation (0) .

Elastic deformation (&l 8 g&il):-

If the atoms (<,3) can resume (u<3<3) their equilibrium (a3 s) position (as<) when
the imposed forces (dalwall s s8ll) are released (L%, the deformation is called
reversible (Sl Ji8) where the body can return (2s%) to it's original state( 4iits
4La¥)) |, recoverable (2si) and indicates (uds / () the relative resistance ((4agtiall
L)) of @ material.

Elasticity:-

Is the property (4<Wi) of a material to return to it's initial (%) form and
dimensions after the deforming forces is removed(J' ) . The process of elastic
deformation is presented(u¢&d) in fig. below.

» Ne f[orcs appf:'ca’

-3

small tensile Jorce, E
Elastic F .@(—*\\ \ = - ;

\_\_—-’// elostic deformation
produced, &g
P Qe 4 55 i
Ferce .fe,fec.sr_‘o"’ o
S e e . .
J\ / permanent deformotion
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Plastic deformation (¢l o g&il)):-

If an engineering material undergoes (&<as) deformation which exceed (Jstak) the
elastic capability (4slsa¥) (elastic limit) , the deformation is permenant (i) and
termed(.s) plastic. Plastic deformation is non-recoverable (2« ¥) and leaves
(d.4) the atoms permanently displaced (g!J))) from their original position when the
forces are released(u.ai) . The process of plastic deformation is shown in fig. below.
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prpduced total defer-
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- .H'\' ey Foree re fcas&c/
{ L _,f/'j\\'-—-. _1.‘_‘,.-" FErn‘}O.HCHt &cﬁs,?rm u\‘hﬂﬁ
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Strain (Engineering Strain) ((eigd) Judi):-

When a member (<) is subjected to a tensile or compressive stress , it undergoes
a deformation (8). Tensile stress causes (w3 elongation (4iul) of the body , while
compressive stress causes a shortening (u«ai) of the dimension of the body in the
direction (ea3) of the force.

The elongation (or shortening) per unit length is called (Strain (€)) and expressed
as :-

mm

)
Average Strain e = — ,—— dimensionless
L, mm

Where :-
L, = isthe original length

The tensile and compressive strain are shown in fig. below.

«
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. ; 5
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L, “o
Tansion Compreassion

The strain at any position is more correctly (z=a JS&3) named as (True strain) , i.e
the ratio of the change in dimensions to the instantaneous('s®) dimension.
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Example:-

A metal rod (100 mm) in length is pulled («=>) in tension to a length of (102 mm) :-

A- What is the value (&) of the engineering strain produced in the bar ?
B- What is the true strain ?

Sol/

(a) 51. : L_'f La - /o0& .leg = & mm

auer’ajf' stron ( -fx?jmt‘[?r“x;i? strain ) 5. . 2 mm
oy L /a8 mm
(ll '\,’r' £-?_+ U\.!Iﬂ a

.02 rnm/mm

(b) Hrve stran Eirve * In (C€41)

P A 5 :‘1"-.1
ho L @.01J0

Lt
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Shear Strain (u<dl) Jdil):-

In the addition to linear strain an engineering material can experience (4al g/ Alad)

Shear strain () . This type of strain is due to the displacement of parallel planes
through a certain angle (O) as shown in fig. below , Shear strain is defined (<_%) as

( The ratio of displacement (X) to the distance (4%Lw) (h) between the planes
(whsiwa) | expressed as follow:-

=tan 6

S| »e

Y

shear [orce

#

| ¥ J—
| ﬂzilﬁ'u.r"' ilr::fcc

In the case (4) of elastic strain (©) is small :-

y=tan 0 =0 inradians
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Hooke's Law (s ¢5id8):-
Hooke's law (¢s2®) states (¢8) that in elastic bodies stress is proportional
(«Lis) to strain provided that the elastic limit is not exceeded.

S X €

s = FE X € Hooke's law

Where (E) is the constant (<x) of proportionality relation (&) stress and
strain. It is sometimes known as Young's modulus (&is Jalas) , or more commonly(32)
the modulus of elasticity(&sx) , (E) has the same units as (S).

Stress

— = constant (E
Strain (E)

Hence , plotting (a!) stress against strain gives a straight-line (afiua ki)
relationship , as shown below for typical materials (43 sai 31 34),
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It is sometimes (OwaY! o2 4) more convenient (a) to express (x=2) hooke's law in
terms of the total deformation (6) , the length of the member (L) , the cross
sectional(asl) ahiall 4alws) area (A) , and the applied load (F).

s=E x € s

F_EXS
A L

s FL .
AE

A similar proportionality («till) exists between shear stress (Ss) and shear strain

(Y). It can be written as :-

Ss=G Xy Lk

Where (G) is the shear modulus of elasticity (modulus of rigidity) . The table shown
below gives some typical values of (E) for some common materials :-

Material E , N/mm?
Steel 210x10°
Aluminium 70x10°3
Wood 11x10°3
Plastics 1x10°
Rubber 0.01x10°
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A steel rod is used to support (~) a weight of (20 Kn). If the allowble stress ( 2ga¥!
¢ saual) is (137.895 kn/m?). Determine the diameter of the rod and its elongation if it
is (60.9 cm) long. The modulus of elasticity (&l Jalas) for steel is (206.85 x 10°

Kn/m?).

Sol/
D—— ?

o—7?

F F _.
S =— A=- |
A S
-
A=————=0.000145 m?
137,895 0-000145m
—— 2
A—4><(D)
0.000145 = 7 x (D)?
- D=20.0135904 m = 13.59 mm
8_FL_ 20 x 0.609 . Knxm
~ AE  206.85 x 10°x 0.000145 ~ kn _ _,
mz~ ™

- 86=0.0004061m =0.4061 mm

26




(?LD)L,JJY‘:ZJA)AS‘ Jy.n.ﬂ‘\gé‘)m\;\.u.ﬂhM/@JW’SJHUQ@‘LH&M
Chapter One: Introduction (A Ll 3 ga : Balal)
Assist.lect.Hussein Ali Jaber 3 : 3 palaall a8,

Poisson’s Ratio (¢gw! s dwsd):-

Because of the constancy (<) of volume , when a material is deformed in one
direction (3aly slaily » 353 there is a corresponding displacement (4iéa 4a) 31) or
deformation in a direction perpendicular (s2s«=) to it.For example , consider the bar
in fig. below.If an axial load (P) is applied the bar elongates in the Y-direction .The

ratio of the strain in the x-direction to the strain in the Y-direction is termed poisson's
ratio (n) and expressed as follows:-

EX . Lod . o ®
n=— 0o }u\ 3 A Lda
€y
Forsymmetry €, — €, mm N :isequivalentinXand Z direction.
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When a body is subjected to stresses in more than one direction , the strain may be
found by considering (J<i=1) each stress separately (32> =) and determining the
effect (L£4) of each stress separately. The total effect is then the algebraic sum of the
separate effects with attention (s4iil) to the fact (4&ds) that by convention (&W) |
tension causes positive deformation and compression causes negative deformation.
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