Mechanical Principles Lecture 2

The physical properties of a material can be expressed in terms of four
fundamental quantities: mass, length, time, and charge.

For our purposes we can ignore the quantity charge,which describes the
electromagnetic interaction of particles. It plays a role, however, when we try to
understand the behavior of materials at the atomic scale.

Two different system of measurement are commonly used in English-speaking
countries one ,the so-called absolute System International (S1) or C.G.S system, The
units of length, mass, and time are centimeters (c), grams (g)and the second (s),
respectively. and force by dynes.

the other the English or Engineers system. The units are length(feet or inches),
mass(pounds),time(seconds),and force(poundal).

Pound=0.454 kg.

In practice, force is often expressed in terms of grams or grams per square

centimeter( or kilograms, that is thousands of grams, per square centimeter or in
pounds or pounds per square inch.
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TABLE 3.2 | UNITS OF STRESS AND THEIR CONVERSIONS

bar dynes/cm?
bar 10°

dynes/em® 107

atmosphere 1013 1.013x 10°
kg/cm? 0.981 0.981 x 10°
pascal (Pa)  10° 10

pounds/in®(psi) 6.895x 10 6.895x 10*

atmosphere
0.98/
0.987x 10

0.968
0987 x 10~
6.81x 107

kg/cm?
1.019/
1.919% 19
1.033

1.0197x 10
7.03x10°

pascal (Pa)
10°
0.1
1.013x 10°
0.981 x 10°

6.895x 10°

pounds/in? (psi]
14.503
14503% 107
14,695

14.223
14503x 10~

To use this table startin the left-hand column and read along the row to the column for which a conversion is required. For example, 1 bar=10°Paor

{ Pa=14.5% 10" psi.
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FORCE
Force iIs a definable vector quantity that change or tends to produce a
change in the shape or /and motion of a body .

Fore is defined by its magnitude and direction, hence it may be

expressed by an arrowW .  —————

Length of arrow is magnitude and arrow points in direction
An unbalanced force is one that cause a change in the motion of body.
The acceleration force is[a] is the rate of change of velocity,

The symbol mass is [m], for length [/] , and for time [t]. Velocity[v].

_ . oW e judl=Jpaadl
[a] = velocity/ time e I\l e
V=I/t 210 MNAELall = Juaaiil
[a]=I/t? or I/t (ms™?) 20300\ » & Jpnadl) 5aa

The unit of acceleration ,therefore, is m/s?
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Composition and Resolution of Force

Force may be represented by a vector, that is a line oriented In the direction in which the
force is operating and proportional in length to the intensity of the force.

Two or more forces may act in different direction at a point as in the figure below.

O 12 kg/cm? Y

composition of force ¢l «uS i JS) o) (8 8 dliana Aol Alee (o
DS g i 8 8 et Lel B3 810 3 8 A resultant Alasyl)
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Conversely, the effect of a single force may be considered in term of two or more
forces that would produce the same result.

A single force may thus be resolved into two component, acting in defined direction,by
Constructing a parallelogram . the diagonal of which represent the given force.

The process of finding the component of a single force is called the resolution of force.
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The preceding discussion of composition and resolution of force has been confined to two
dimension. But geology is concerned with three dimension.

JSMJ\‘_;LASJ\JU\ u%é'&;ﬂ\d&&u;_}gﬂlﬂ (xyz) A J\.u‘}ﬂ_\@jb:\;]\eiﬁ

OW )l 5 4l

v OVWZ sl (B adis
03 see Lataal G ja () Lehlas (e
ov uAYls 0Z
OXVY ) ¢ siuall B i
W OY and OX I Leldas Sy 5 g8l) 32a

7 Lelilat (e Lol A5l 5 W lata (o laill (g 348 (5) 8 13
dalaiall EOAN G glaall 4y ) g LS o EOE ) Al 48y
XYZ
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Differential Force

In many instance the force acting on a body are not equal on all sides.

A body is said to under Tension when it is subjected to external force that tend to pull it apart.

The arrow on the same straight line represent the tension forces.

o [ )

A body is said to be under Compression when it is subjected to external forces that tend to
compress it.

2 K___

The arrow on the same straight line represent the compression forces.
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@85 ) QUi i s3a) 5 Al e Vi g 0l gl 8 Cpaulaie Gualaily Dlaat iy gliie 088 5ili it sl oy Ladie Ll
(e oSG da g3 30 U Ol sall adal g )., JSEN 3 LS Couple daso el s sall il caas

A Couple consist of two equal forces that act in opposite directions in the same plane,
but not along the same line

490
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Torsion Force

Torsion result from twisting, if the two ends
of a rod are turned in opposite directions.

Jadll 5 s Ll

033 Al gl e sl Ll
OpeSlatie cpalad) (8 ava Siled
A L Jsal LS

B JSa b LS W vl Sy Cua

h—
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It is clear from the above that there are four types of force that affect the bodies.

Tension A4l g o8
G I ) S5

Compression -I_ Ll o) el s i
£0—
Couple e I,- I,@
o

Torsion Jaall o) A (5 8
—
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Force that act on a body may change the velocity of (that is, accelerate) the body,
and/or may result in a shape change of the body, meaning there is acceleration of

one Part the body W|th respect to another part.
e1a) mea A gsluie e diaadll ) P M g AISSE G st sl g (ol ) Ao s e i Le s e Alaladl 3 8l ()

affect whole body affect only part of the body

Ausbia e 5 gems pmeall Iy (S5 8 13) Ria ABS 53 Le paen ) e Ll G e 0 e S L) W) el maliall (e 23 5 581 () (g p il s A

although force is critical concept, it cannot be used to distinguish
Its effects on bodies of equal mass but different shapes

Consider hitting a rock with a pointed or a flat hammer using the same
force . the rock cracks more easily with the pointed hammer than with
flat-head hammer
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Also what do you notice when shedding an equal amount of forces on boxes
of different size?

1 1 same force applied to different
size boxes will not have same effect
1 (force more “concentrated’ on little box)

These examples of the intensity of force lead us into the topic of

Stress.
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» Force

= that which changes the state of rest or the state of

motion of a body
F=ma
» Stress

" force applied to an area
o=F/A

70 kg

Stress
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Stress Concept e a se8a

Imagine a vertical column of material. Along any

Vertical column of imaginary plane within the column, the material
m%al above the plane, because, of its weight, pushes

downward on the material below the plane .
Similarly ,the part of the column below the plane
pushes upward with an equal force on the
material above the plane.

The mutual action and reaction along a surface
constitutes a stress.

ginary
orizontal

plane

Moreover, along any imaginary
ce plane within the column there

- are similar action and reaction

This concept applies to any plane whether horizontal or inclined at any angle
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Two- Dimensional Stress

Normal stress
Shear stress

Stress acting on a plane is a vector quantity , meaning that it has both

Magnitude and direction; it is sometimes called traction.

Stress on an arbitrarily oriented plane, however, is not necessarily perpendicular to that plane,
But like a vector, it can be resolved into component normal to the plane and parallel to the plar

The vector component normal to the plane is called the normal stress
For which we use the symbol én (some time just the symbol 6 is used)

The vector component along the plane is the shear stress and has the symbol 6s
(some time the symbol t tau is used)

s 8 gl
(direction) ol s (magnitude) 4«8 L = (Vector quantities) dualai¥) LSl e alea¥) o)

ALt (Say (o) Agate 4l Loy, lalas¥) caline Jany o) (Sang
. (parallel )A ) s« s AY5 (Normal Component) s siwall e 40 see Laaaal i€ e )

& s 8n 4 s (Normal Stress) s seall dea¥l 430 ganll A8 jall e 3l
(tau) 8t eullals  8s4l e ns (Shear Stress)(u=dll deal ) &) sall A8 yall e
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./, Q OP (vertical direct stress)
OR(QP) compressive stress(normal)
OQ( RP ) shear stress (tangential)

Plane

o, IS normal stress
o is shear stress
F is force; o is stress M

The normal component is a compressive stress if tend to push together the material on opposite side of the
plane. also the normal component is a tensile stress if it tend to pull a part the material on opposite sides of
the plane . The tangential component is generally called a shearing stress or shear.

6 ssall alilEie Gailas e salll ads s 13 (Compressive Stress)oslS slga) Jidi au sand) 4 5l
.(Shear) u=dll 5 (Shear Stress)u=dll Jeal dale 3 ) somy dpulaal) A pall and a5 shsall GuuSlaia (ils e sald) s gl (Tension Stress) Laba 1 Leal Jiai

Plane of zero shear stress —
On yrd (5 sax) gal) (p A8 ()
—\

A 090 4l Legin

s 4 \.J

.,
086%
3]
10 i1
LIEY4
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Cnmy b ga¥l s 5l Jla
Resolution of stress in two dimension

In contrast to the resolution of force , the resolution of
stress into its components is not straightforward ,
because the area changes as a function of the
orientation of the plane with respect to the stress
vector.

(0] F/A-‘

B pdlie Cunl Alga¥l GlS yo o Cus 358l LS yo Jalad e Caliad aleaVl GilS ja Julsg o)
s (Ul (g sisall sladl ja a3 gl Lgile Alalall Aalual) (¥ &b g straightforward
AL e g Algal) dnte B

F.,=Fcos@

F.= Fsin A2=A1/cos9

o= F./A,= Fcos 8/A,= F cos?6/A, = 6 cos?H
os=Fs/A,= Fsin6/(A,/cos 6)
=Fsin8cos 6/A;=csin6cos §:

what is the difference between force

F.,=Fcos® component and stress component
Fs=Fsin@
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Calculation Of Stress 2!l Clws

There is no direct way to measure the stress in a body,
but they may be calculated if the external forces are
known . If a body is compressed or stretched, the stress is
referred to a plane perpendicular to the direction in which

the external forces are acting.
If a vertical column 10 inches on a side support a load

5000 pound,
Every plane in the column is subjected to a compressive

force of 5000 pond. To calculate stress:-
anii® alall Jgla =iale ) alaie dalis
&<z 100 =10*10

. o Zalusall/(5 5801) )31 =2l
JSE g e b b Aalea 50=100/5000
Gh.'\ 10 Ll Jsh (@)A\ =) e 2 L50 ) =¢all
B (e e gl JS ) !
b ylata DA& Aoy 4188 b gl
50 Pound

) SV 21 5L 50 aly sagenll 5 GalSI algall o) Dy

18
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Force Force

Stresses types

Force

Force Force

Force

Force

Force  Force

=
o g = o
c ] =
2 a @
=
o
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Tensile stress is the ratio of the tensile load F applied to
the specimen to its original cross-sectional area A

T
B
T
B
Tensile

19 « Ul 26
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N

tensional stress

L

TENSILE

Dr.Rabeea Znad

tension

20



Compressional stress is the ratio of the compression load
F applied to the specimen to its original cross-sectional
area A

S=F/A compressional stress

Compression
FORCE

N~ L

COMPRESSIVE compression
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Shear stress is the ratio of the force F applied to the
specimen to its original cross-sectional area A

shear stress
Shear s
ETegERe /X/—/ |'.'l":i-'.§‘
'::n,
. 8
FORGCE
e E—
_ STRESS
PLANE
JVJ |
I | h .
heaar SHEAR shearing
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Bending is a combination of

tension and compression.
Consider the bending of an
object such as a piece of tubing.
The upper portion stretches
(tension) and the lower portion
crushes together
(compression).
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Torsional stresses are the
result of a twisting force.
When you wring out a
chamois skin, you are
putting it under torsion..
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Deformation and Strain

Deformation and strain are closely related terms that are sometimes used as synonyms
But they are not the same.

Component of deformation

deformation describes the complete transformation from the initial to the final
geometry of a body. This change can include a (deformation components):-

Translation (movement from one place to the other)
Rotation(spin around an axis)
Distortion(change in shape)

Dilation or Dilataion(change in area or volume positive or negative)

another definition

Deformation refer to changes in shape ,position, or orientation of a body resulting
from the application of a differential stress
(i.e.,a state in which the magnitude of stress is not the same in all directions)
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COMPONENT OF DEFORMATION

, Rotation

Translation \
Rigid body T.
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Strain: any change in shape, with or with out change in volume ,is referred to as strain
,50, it describes the distortion of a body

a3 4 Distortion J<&1 51 Dilation ?;AM = il sl duds (».a;l\ Jdala \)H ‘;ﬂ\ (d\aél\‘}]\ )C’_N)ﬂ\ TP ENPRIVEQ IS GEL'J\ il Layl 8 Strain Jeay!

C D
Dilation Distortion

o

In other word: strain represent one of deformation component

Deformation «ayaill il S aal Jias Strain Jxai¥l o) Al S
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: Dilation J) s Jus
2 30 awan e Confining Pressure yala haa Ll Laic
A5 I deas yadh Cgu auall 138 G [sotropic body Clasall
O s €3la iy G anall (ld Jazazall J813) Lal, asal) ana (J8 Jaricall
AouSe 483l

1
— g — 4—.—»
!
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Distortion: o g<dl) A Jlia

/ Distortion o »&ill o sluly sgall
&wm‘a@fﬁ\wﬂ\#zﬁm&qj e Ala
(°MJT€MJ‘GS;CJ“‘) Mi@&hh}i}d&wﬂuju@m

) ) 18:.&3\1;@
5 gall aulus J cilssl 10 Jshall i

= S —

&) (% 0.007 uaill ladin 2151 20.000 A4 5 68

1%
gl @Y Gle 2155 20.000 5 e O
¥l Jshallfzal 0 late = eyl Hlaie Ll
7! J< & 0.0007 = 0.007/10
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