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Engineering Static Mechanics

Theoretical Subjects
Week No. Subject Topics
1 Static, fundamental concepts , Force, Scalars and , Vectors , Units , Force
polygon , Cartesian Components .
2 Analysis of Forces
3 Resultant of Concrrent, Coplanar Force system (2-D)
+ Moment:
S Moment:
6 Couples, the transformation of the Couple and the force
7 Equilibrium, free body diagram (F.B.D.)
8 Equilibrium Conditions (2-D)
9 Equilibrium Conditions (2-D)
10 Friction, type of friction, Dry Friction
11 Center of Gravity, Centroid (length, area ), Centroid of Simple area
12 Centroids of Composite areas.
13 Centroids of Composite areas.
14 Moment of inertia ( Simple and Composite areas).
1= Moment of inertia ( Simple and Composite areas).
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oy Engineering Dynamic
Mechanics
Theoretical Subjects
Week No Subject Topics
1 Newton's Second Law
2 Type of motion, Linear motion with constant speed.
3 Linear motion with Constant acceleration.
4 Curvilinear motion
5 Angular motion, Relative Motion
6 Work, Energy, Power
7 Strength of material: Fundamental concept
8 Loads, Stress, Strain, Elasticity, Plasticity, and Deformation.
9 Hook's Law, Stress -strain curve, type of stress.
10 Normal stress due to an axial load on 1-Uniformam Cross section area
2-Variable cross section area .
Shear Stress

1
12 Torsional Stress
13 Thermal Stress
14 Beams, types of loads, types of beams
15 Shear force (S.F.) & bending moment (B.M.) of Simple supported beam

under an —axial load .
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Mechanics define:-

Mechanics is the physical science that deals with the behavior of bodies

under the influence of forces.

Mechanics can be divided into:

1. Rigid-body Mechanics
2. Deformable-body Mechanics
3. Fluid

Rigid-body Mechanics deals with

- Statics — Equilibrium of bodies; at rest or moving with constant velocity

- Dynamics — Accelerated motion of bodies.

Basic Quantities

e Length - locate the position of a point in space
e Mass - measure of a quantity of matter
e Time - succession of events

e Force - any action which change or try to change the shape ,volume
or the motion of a body.

e Particle - has a mass and size can be neglected
¢ Rigid Body - a combination of a large number of particles

e Concentrated Force - the effect of a loading
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Physical Quantities is classified to:-

1. Scalar quantities :have only magnitude(mass ,volume)

2. Vector quantities :have both magnitude and direction(couple,force)

Classification of forces :

1. Collinear /

2. Parallel forces —

3. Concurrent forces

LA

4. Non parallel , non -concurrent forces

Newton’s Laws of Motion

* First Law - A particle originally at rest, or moving in a straight line
with constant velocity, will remain in this state provided that the particle

is not subjected to an unbalanced force.

F,

Equilibrium
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* Second Law - A particle acted upon by an unbalanced force F

experiences an acceleration a that has the same direction as the force and

a magnitude that is directly proportional to the force.

F =ma

¥ —() .

Accelerated motion

e Third Law - The mutual forces of action and reaction between two

particles are equal and, opposite and collinear.

. force of 4 on B

I r ’.--E E F

A B “force of B on A

A cTiomn reaction

Unit Measurement

1- SI

The International System of Units (abbreviated as Sl, from the French
System international) is the modern form of the metric system, and is the

most widely used system of measurement. (g = 9.81 m/s?)

2- U.S customary
United States customary units are a system of measurements commonly
used in the United States. The United States customary system developed

from English units which were in use in the British Empire before the

U.S. became an independent country. (g = 32.2 ft/s?)
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TABLE 1-1 Systems of Units
Name Length Time Mass Force

International meter second kilogram

System of Units

N
Sl m s kg kg-m
( s’
U.S. Customary foot second pound
¥ES (',b f sf)
ft s ft b
*Derived unit.
TABLE 1-2 Conversion Factors
Unit of Unit of
Quantity Measurement (FPS) Equals Measurement (SI)
Force Ib 4448 N
Mass slug 14.59 kg
Length ft 0.304 S m

+ Resultant the vector :

The resultant force is the force which can replace the original system

without changing its external effects on rigid bodies .There are two

methods for founding the resultant force:-

1- Parallelogram law.

The parallelogram of forcesis a method for solving the results of
applying two forces to an object.

Figure 1: Parallelogram construction for adding vectors
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2- Trigonometry.

Triangle law of forces states that, If two forces acting at a point are
represented in magnitude and direction by the two adjacent sides of a
triangle taken in order, then the closing side of the triangle taken in the
reversed order represents the resultant of the forces in magnitude and

direction.

Procedure for Analysis

= Redraw half portion of the parallelogram

= Magnitude of the resultant force can be determined by the law of
cosine

= Direction if the resultant force can be determined by the law of sine

= Magnitude of the two components can be determined by the law of

sine

Cosine law:-

C :/A2 +B? - 2AB cos ¢

Sine law:-
A B C
sin a sinb sinc

Ali Abdul-zahra Hasan



Engineering Mechanics Southern Technical University
Lecl Technical Institute Of Amara

Ex1
The screw eye in Fig. below is subjected to two forces,F; and F .

Determine the magnitude and direction of the resultant force.

0
/I = 1SON
100N

-

5

C—

Solution:-

B

; 15°
15° .

a- Parallelogram b- Trigonometry

R= \Az +B% - 2AB cos ¢

R =\/1oo2 +150% — 2*100*150 cos (115° )
R=213 N
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Sine law:-
A R 150 213
- = —— =
sin a sinc sina sin (115°)
a® =40

direction R measured from the horizontal. Is
B° =40° + 15° = 55°

Ex 2
Resolve the horizontal 600-Ib force in Fig below into two components

acting along the u and v axes and determine the magnitude of these

components.

/’,

/ ~
Y 3y~

A3
L]

— >~
&0 Ib
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Ex 2
Resolve the horizontal 600-Ib force in Fig below into two components

acting along the u and v axes and determine the magnitude of these

components.

SOL:-

Ali Abdul-zahra Hasan
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Sine law:-

A R A 600 Ib
- = —— _— = —

sin a sinc sin (120°)  sin (30°)

A=10391b

B R B 600 Ib
- = —— _— = —

sin a sinc sin (30°)  sin (30°)

A =600 Ib

Ex 3

Determine the magnitude of the component force F in Fig. below and the
magnitude of the resultant force FR if FR is directed along the positive y

axis.

60

75°
\.ﬁ 1 My Fy F F,=200 Ib
\ 45°
~ 2 ) \ 30°
' X

TR
SOL:-
Sine law:-
Fy F, Fi 200
= ) - —
sina sinb sin (60°)  sin (45°)
F,=2441b
F> Fr 200 Fr
= ) _— =
sinb sinc sin (45°)  sin (75°)
Fr=2731b
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H.W
1- It is required that the resultant force acting on the eyebolt in Fig. below

be directed along the positive x axis and that F, have a minimum
magnitude. Determine this magnitude the angle 8, and the corresponding

resultants force.

F, = 800N

2-Determine the magnitude of the resultant force acting on the screw eye

and its direction measured clockwise from the x axis.

w ;£ i \
ol) \4<
2kN

6 kN

3-Two forces act on the hook. Determine the magnitude of the resultant

force.
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Rectangular Components

fx = F sin 6°
fy = F cosine 6°

F =V fx* +fy’

— -1 fy
6 = tan (f_x)

/‘\ + 5 +
nOte - fy = J/- fx = D

Moment of force

Define :- the product of the magnitude of the force by the perpendicular
distance (arm) from the point to the action line of the force. It’s units are
N.m, Ib. ft, ect.

Mo=f.d

o{d r

Varignon's theoreme-
that the moment of a resultant of two concurrent forces about any point is

equal to the algebraic sum of the moments of its components about the

same point.
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v
£

Fy#f~

—3X

A x
- x fy

MA = MA™ + MA ~

Note:- moment its (-) value ,if the force rotates clockwise.

moment its (+)value ,if the force rotates counter clockwise

Y ¢ N

+

Clockwise Counter clockwise

Ex _:- Find the moment of force (f) about point (A) as shown in the

following figure below. Y
307 F=30 kN
A, & m X
30m
Sol:- fy A
fx = F sin 30° 30°-2' F=30 kN
=30 sin 30° —>fX
= 15kN Ao 10m
fy = F cosin 30° 30m
=30 cosin 30°
=25.9kN
5
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MA = MAX + mAY
=fx*ry +fy*rx

= - (15*10) + 25.9 * 30
= 627 KN.m

Another method?
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Moment of force

Define :- the product of the magnitude of the force by the perpendicular
distance (arm) from the point to the action line of the force. It’s units are
N.m, Ib. ft, ect.

Mo=f.d

0(d l_

Varignon's theorems-
that the moment of a resultant of two concurrent forces about any point is

equal to the algebraic sum of the moments of its components about the

same point.

Fy#~

MA = MAX + MAY 4

Note:- moment its (-) value ,if the force rotates clockwise.

moment its (+)value ,if the force rotates counter clockwise

Y ¢ N

+

Clockwise Counter clockwise
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Ex 1:- Find the moment of force (f) about point (A)

following figure below. Y

as shown in the

gV' F=30 kN

A, &m X

30m
Sol:- fy A
fx = F sin 30° y F=30 kN
=30 sin 30° / —>fx
=15 kN A, 10 m
fy = F cosin 30° 30m
=30 cosin 30°
=25.9 kN

MA = MAX + MAY

=fx*ry +fy*rx
=-(15*10) +25.9* 30
=627 kN.m

Another method?

Ex 2

Calculate the magnitude of the moment about the base point O of the

600-N force.
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sol :-

Z2m F{ =600 coz 40°

Replace the force by its rectangular components at A,
F1 =600 cos (40) =460 N,

F, = 600 sin (40) =386 N

By Varignon's theorem, the moment becomes

MO = 460 *(4) + 386 *(2) = 2610 N.m

Ex3
Determine the rcsultant moment of the four forces acting on the rod

shown in Fig. below about point 0.

y JON

sol :-

20N

30°

40N

Mo= -(50%2) +(60*(0))+(20*a)-(40*(b+4))
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cosso=§ ——> p=259

sin 30 = % —> a=1.5

Mo= -(50%2) +(60*(0))+(20*15)-(40*(2.59+4))

Mo =-333.6 N.m

Moment of a Couple

()93 ale)
A Couple is defined as two parallel forces that have the same magnitude.

but opposite directions. and arc separated by a perpendicular distance (d).

Fig. below.

Mo=-F*a+F (atd)

=-F*a+F*a+F*d

=F*d
Ms=F*d+F(d—b)

=F*b+F*d—F*b

R R [ M, = F*d ]
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Ex1:-
Determine the moment of the couple shown in figure about the axis

through Points A,B,D.
10?0 N
L

|
40 cm 40 cm 50 cm >

D

Sol:-
Mc(A)=1000x 40+1000x 40 = 80000 N.Cm

Mc(B)=1000x (40+40) = 80000 N.Cm
Mc(D)=1000x (40+40+50)-1000x 50 = 80000 N.Cm

Ex 2 Determine the resultant couple moment of the three couples acting

on the plate in Fig. below.
A F, = 2001b

F,=4501b A

Sol:-

MR =-M1+ M2 - M3
= -(200 * 4) + (450 * 3) — (300 * 5)
= -800+1350-1500

MR =-950 Ib.ft (clockwise )
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Equivalent Couples.
(A 719351 5 32)
If two couples produce a moment with the same magnitude and direction

then these two couples are Equivalent For example. The two couples
shown in Fig, below are Equivalent because each couple moment has a
magnitude of M =30N* 0.4 m=40N*O.3m=12N-m

Ex 4.
Replace the following couples shown in figure by a single couple

its forces effects horizontally at points B,D.

Sol:- 1p0N

Mc=-200x 20+100x 30+50x 40 200 ] Eo
~1000N.Cm <

200N
Mc=F . d B
1000=F x 20 ] %o
F=50N 50 N 50 Nl A]"50 N

:Eo
T [+
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Resultant Non-Concurrent Coplanar Forces
(6 sl s 8 28 ) 2050 il (5 i) Aloane)

1- Resolve the forces in to x and y compent // —

2- Rx =Y Fx [ j \<

3- Ry=Y Fy N ' '
— -1 (Ry 3

5- 6 =tan ) Ve

6- Mo =>YM [ /{VR \
I\l d
7-Mo=R*d —> d= M2 My )

Ex1 :-
Determine the resultant of the four forces and one couple which act on

the plate shown.

l}.'
(2m _ !
60N I 2 m i
50N |
453 __* _____ I
| l r [141]1\.'-111
E_m | i
| I 80N
2m
4GN_'i_...J_______£'Lﬁ_x
1m:
60 sin 45

T

sol :-
1‘_2 m,

|
Rx=)" Fx=40 +80 cos(30) — 60 cos(45)=66.9N  6oN ‘ —5m—
50 N
Ry=> Fy=50 +80 sin(30) +60 sin(45)= 132.4 N h + !
N 140 N-m

60 cos 45 2T

-*—I— 605in30i 80 N

2m || %
—19

60 cos 30
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R=_/RX° +Ry2
R=./66.92+132.4°=1483 N

0 =tant (X
Rx

0 =tant (B2 > 9=63.2°
66.9

Mo =M

Mo = 140 - 50*5 + 60 cos(45) *4 -60 sin (45) *7 = -237 N.m

Mo =R*d
237=1483*d —> d= %73 =1.6'm
i J
|
( || R=1483N
|
| -
|MD| — | H=632”
237 N-m GZ- I
j—
( R=1483N
1.600 m —/ L 63.2°
A SO
| \"1'
\ ORI
—— _,-:iB
4
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Ex 2:-
If the resultant of the two forces and couple M passes through point O,

determine the resultant (R)and M.

M
Sol :-
sin30=—— ——> a =300 *sin 30 = 150 mm 300 " a
00330:3% ——> b =300 * cos 30 = 259.8 mm c b
cos 30 = — ¢ =300 * cos 30 = 129.9 mm

300

Rx=)" Fx =320 cos(60) =160 N
Ry=> Fy =-400 - 320 sin(60) = -677 N

R=_/RX° +Ry2

R =.,/160° +(-677)? = 695.65 N

For the resultant to pass through O the moment about O must be zero.

>Mo =0

Mo= M- 400*129.9 -320 cos(60) *150-320 sin(60) *259.8 =0
M= -147957/ N.mm =——> =148 N.m
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Ex 3:-
Determine the resultant of the forces and the couple shown in

figure and locate it with respect to point (A).

30 em V’“\ 25

2700
20N
ﬁ' 40 cm .l
Sol :-
Rx =250 * 3/5 - 520 * 12/13 - 400
=-730 N=730N €— R
Ry=250 * 4/5 - 520 *5/13 = 0 d :IE

R=_/Rx*+Ry’ A

R=,/(-730)* +(0)*= -730N €—

R=730 N

R *d=:Ma

730 * d=-250 * 3/5 * 30+400 * 30 - 520 * 5/13 * 40+ 2700
d=3Cm
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Equilibrium

(oiNsl )

When a body is in equilibrium, the resultant of all forces acting on it is

zero. Thus, the resultant forces Rx, Ry and the resultant moment M are
both zero, and we have the equilibrium equations.

Three equation equilibrium :-
dYFx=0
YFy=0
>Mo=0

Support reaction

A reaction force is a force that acts in the opposite direction to an action
force. Friction is the reaction force resulting from surface interaction and
adhesion during sliding. Reaction forces and reaction moment are usually

the result of the actions of applied forces.

Figures shows types support reaction
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e Type of support

\k

Smooth surfaces

Rough surfaces

~

Roller support

e

? 50 2 i‘a\\i o

Freely sliding guide
= @b

Pin connection

»
’

i

Pin free to turn

Built-in or fixed support A
M|
A A
or ; F I
“~Weld
v
Gravitational attraction
m G
HAH ,
W= mg
Fixed reaction
Y
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Free body diagram (FBD) (ad) awall lalada)

The diagram shows all forces applied to objects and forces of reaction to

the body after removal of supports.
(L) A 31 2ay aaall Jadll 3y (5 & 5 alua) e Aabisall (g 58l maaad Sl a1 Jiars)

Fh ' M F,

(2) feed or build in (b) roller bearing (c) pinned or hinged

SAMPLE FREE-BODY DIAGRAMS
Free-Body Diagram of Izolated Body

Mechanical System
1. Plane truss

Weight of truzs
azzumed negligible
compared with P

2. Cantilever beam

'|i‘.
{.‘, in F, {:L F-gl F,
| o i

l F
| A Mass m M !,
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Ex 1

Determine the magnitudes of the forces C and T, which, along with the

other three forces shown, act on the bridge-truss joint.

SOL.:-
[2Fx = 0]

8+ Tcos40+Csin(20)-16= 0

0.766T +0.342C =8 @)

[XFy = 0]

Tsin40-Ccos20-3=0

0.643T -0.940C =3 (b)
From (a) and (b)

T=9.09 kN

C =3.03 kN

Ex 2

Find supports reaction at support (A , B) for the beam shown below.

100 kN 100 kKN

L
| 2m 2m ‘ 2m ‘

I | |
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Sol:-
100 kN 100 kN
. 45°
A A A B
o .
2m 2m 2m ‘
| |
100 kN 100 kN
Hg 45
>
RAT
| | , Re
| 2 2 | 2 I
F.B.D
SOL.:-
[XFx=0] ,[SFy=0] ,[=Mo=0]
> Fx =0]

Hg + 100 cos (45) =0
Hg =-70.71 kN <

>Fy=0

Ra +Rg -100 — 100 sin(45) =0

Rg =170.71 — Ra eq (1)
[XMa = 0]

Ra*6—(100sin45)*4-100*2=0
Ra = 80.47 kN

By solve (1)

Ra = 90.23 kN
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Ex3
Determaine the horizontal and verlical components of reaction on the
member at the pin A, and the normlal rcaction at the roller B in figure

below.

750 1b

SOL:-

HB = RB sin 30

Vg = Rg cos 30
He

[EMa = 0]

(Rg c0s30)* 6 — (Rg sin
30)*2-750*3=0

Rg - 536.2 Ib
[YFx =0]

Ha—Hg=0 Ha —536.2 sin 30 =0
Ha =268 Ib

XFy=0

Ra+VE-750=0

Ra +536.2 cos(30)-750=0
Ra = 285.6 Ib
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H.W
Q1

The 500-kg uniform beam is subjected to the three external loads shown.

Determine the reactions at the support point O. The x-y plane is vertical.

—_—— e

30°

15 kN-m 3 kN
0 4 B\

= D =+ ] I ——x

N/ ¢

1.4 kN
1.2 m— 1.8 m f=—18m
v
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Ex1
The 500-kg uniform beam is subjected to the three external loads shown.

Determine the reactions at the support point O. The x-y plane is vertical.

—— e Tt

30°
15 kN-m
0 A m 3 kN
[= o { £ l';l {CT——I
t1.4 kN \ 3 kN
1.2 m— 1Em f=—18m
sol :-
W -m g // // // // //
=500 *9.81 =4905 N = 4.905 kN F.B.D
[XM, = M0]

- [(3cos30) * 4.8] - [(4.9)*2.4] + 1.4* 1.2 + 15 = Mo

Mo = -7.55 kKN.m (counter clockwise)
[YFx = 0]

Ho - 3sin (30) =0

H,=1.5kN

XFy=0

Vo +1.4—-4.9—3c0s(30) =0

Vo =6.1kN
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Ex2

The 50-kg homogeneous smooth sphere rests on the incline A and bears
against the smooth vertical wall B. Calculate the contact forces at A and
B.

Sol :-
W =m.g
=50*9.81= 490.5 N
YFy=0
Va-W=0
Va-4905=0
Va= 4905N
Va = Ra €0s30
490.5 = R c0s30
Ra =566.38 N
Ha = Ra sin(30)
= 566.38 sin(30) = 283.2
[XFx =0]
Ha—Hg =0
283.2—Hg =0
Hg =283.2N
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Ex3

Determine the horizonal and vertiacl reaction at the pin A and the

reaction on the beam at C.

kN
15m - ISm i

I5m

Sol :-

kN
15m - I5m i

F.B.D

[ZMA: O]
[Ha* 1.5] - [4* 3]=0

Ha =8 kN
[YFx = 0]
Ha+Hp =0 akN
8+Hp=0 ————> Hp=-8Kn(e=) He
Ha
Va \Vc
[EMa= 0]

[Ve* 15]-[4*3]=0 & Vc=8kN

3
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YFy=0
Va +VC_ 4 = 0

8+H.=0 ——— > H;=-8kN <&

Equilibrium of pulley

Ex1
Calculate the tension T in the cable which supports the 1000-Ib load with

the pulley arrangement shown. Each pulley is free to rotate about its

bearing, Find the magnitude of the total force on the bearing of pulley C.

] [

-

_ T cr~=> T

D
@

I
' I
T Lo
fof
(Or 14
1000 Ib \-4-/
1000 Ib
F.B.D
Sol :- ., .
Pulley A tfﬂ :,L
.
[XMo = 0] 1000 Ib
Tl*l’_Tz*r=0 T1=T2
4
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YFy=0
T,+T,—1000=0
T, =500 Ib
T,=T,=500Ib
Pulley B
[EM; = 0]

Taxr _Taxr=0
>Fy=0
Ta+T,—T=0
T3=2501b
T3=T,=2501b
Pulley C

[EMc =0]

Ts«r _T«r=0
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The Trusses

In this chapter we analyze the internal forces acting in the trusses
and machines.
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There are two method for finding the forces in each members of truss :-

Method of Joints:-

This method for finding the forces in the members of a truss consists of
satisfying the conditions of equilibrium for the forces acting on the
connecting pin of each joint. The method therefore deals with the
equilibrium of concurrent forces, and only two independent equilibrium

equations are involved.

E ¥
| Compression
|
: AF
o | }
: @
Tension
R,

Ex1
Compute the force in each member of the loaded cantilever truss by the

method of joints.
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Solution:-
T
5m 730
y G0~
/o e
/'f L——x \\ E
[ bm Sm } -
30 kN lzok_ﬁ E,
F.B.D
[>Me = (]

5T - 20(5) - 30(10) =0 =———> T =80kN

[XFx = 0]

80 cos 30°-Ex =0 —3 Ex=69.3kN
[ZFy =0]

80sin 30°+Ey -20-30=0 ——3 Ey=10kN

Joint A
AB
60°
AC
[SFy = 0] 30 kN

AB sineo°-30=0 —> AB=346kN T
[XFx = 0]
ABcoseo°+AC=0 =—> AC=-17.32kNc
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Joint B

““ao‘f?v’w BD
[SFy = 0] BA BC

-BA sin60° -BC sin60° =0 =———=>» BC =-34.6 kN ¢

[XFx = 0]

BD-BAcose0°+BCcose0° =0 => BD=346kN 71

Joint C
CB CD
60° 60
cA'€ >CE
[ZFy = 0] 20 kN

CB sin60° +CD sin60° - 20 =0

-34.6 sin 60°+CD sin60° -20=0 =3 CD =57.7 KN 7
[XFx = 0]

CE+CD cos 60° - CB cos 60° -CA =10

CE+ 57.7 cos60° + 34.6 cos 60° +17.32 =0 —> CE=-63.5kN ¢
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Joint E
ED
<€ 60°
EC=- 63.5 kNr Ex = 69.3 kN
[ZFy =0] Ey = 10 kN

EDsin60° +10=0  — 3 ED=-11.55kN ¢

Ex 2
Compute the force in BD,BC and AC members of the loaded cantilever

truss by the method of sections.

Solution :-

/ 4
B 3 m’/ n_
f’/\ // ‘
m m4,/ 5m 5m
/ 2 /x\/’ﬁ )
, , }4

Al 51}1/ Cl 5m

/
30 kN / 20 kN
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B Em BD
--->
/ ‘*_\ D
bm bm
/
\BC
117-—4 c
: sm o AC
30 kN
[>Mc =0]

30(5) — BD(4.33) = 0
[ZFy = 0]
-BCsin60°-30=0

[ZFx = 0]

BD +BC cos 60° +AC =0

34.6 - 34.6 cos 60° +AC =0

Ex 3

—> BD=346kNT

——> BC=-346kN c

—> AC=-173KkN c

Compute the force in CD member of the loaded cantilever truss by the

method of sections.
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Sulston:-

R o

3.25kN S kN IKN 475 kN
[>Me =0]
5(8) + 3(4) - Ra(16) =0 > R, =3.25kN
[ZFy =0]
3.25-5-3+ Rg =0 — Rg =4.25 kN
S (GF
""""""" 2
L7 CF
s l - =» (D
T' 8 m e dm ’l
25 kN S kN 3 kN
[>Me=0]

5(4) - 3.25(12) + CD(4) =0 ——> CD=475kN T
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The Friction
SiaY)

< Definition :-

Whenever we try to slide one body over another body there is a
force that opposes that motion. This opposing force is called the
force of friction. For example, if this book is placed on the desk
and a force is exerted on the book toward the right, there is a
force of friction acting on the book toward the left opposing the
applied force, as shown in figure below.

Opposed Applied
frictional force force
f F

% Types of Friction

(a) Dry Friction. Dry friction occurs when the not oiled
surfaces of two solids are in contact under a condition of sliding
or a slope to slide. A friction force tangent to the surfaces of
contact occurs both during the interval leading up to impending
slippage and while slippage takes place.

Pushing a box ;7

Free body diagram

Fovce you apply

=i

St fnaticn
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(b) Fluid Friction. Fluid friction occurs when adjacent
layers in a fluid (liquid or gas) are moving at different
velocities. This motion causes frictional forces between fluid
elements, and these forces depend on the relative velocity
between layers. When there is no relative velocity,

there 1s no fluid friction.

Static Friction

As P increases, static-friction force F increases as well until it
reaches a maximum value F.

F=p*N
_F

TN

Where:

F = friction force

N =Normal reaction

1 = Coefficient of

friction

Angle of friction (@):

It's the angle between the total reaction (R) and its normal

component, when limiting friction.

The tangent of this angle is equal to the coefficient of

Friction (p).

tan(Z)Zg —_— u=tan @
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_Example: Calculate the force (P) required to move the (500N) block weight up the
inclined surface shown in figure ,if the block is subjected to (200N)force

assume (p=0.5). p
Solution:
Wx=500x Sin30=250N
Wy=500% Cos30=433N
> Fy=0 200N
N-433=0 —> N=433N 30°

Fmax.=p*N=0.5x433=216.5N
SFX =0

2004p-250-216.5=0 %

Wy
P =266.5N Wx o~ P

ax
200N /
\
N

Example: Determine the frictional force exerted on the (200N) block weight by the
Inclined surface shown in figure if the block is subjected to (70N) force

(n=0.2) .
Solution:
Wx=200% Sin30=100N
Wy=200x Cos30=173.2N 70
Assume the block will move upward =
> Fx=0
70-100-F=0
=-30N

That means the block is try to move downward

A4
(F) must be equal or less than( Fmax.) Wx Wy
Fmax.=p*N
70N, F ‘/\N

2 Ey=0

N-1732=0 == N=173.2 N
Fmax.=0.2x 173.2=34.64N 1 30N

F=30N
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Example: Explain if the block (400 N) weight turns or slides if pushed by force P

(n=0.34)

Solution:
The block is either slides or overturn

1-the block is slides
From (F.B.D 1)
>, Fx=0
P = Fmax.
> Ey=0 —> N=400N
Fmax.= p*N=0.34x 400=136N

P=136N

2-the block is overturn
From (F.B.D 2)

> MA=0
25 x p-400% 10=0

P=160N

The block is slides and P= 136N
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Center of Gravity , Center of Mass
And Center of body

pedl) JB5 38 e g ALISH JBI S ja g abua) JEI S 1

< Definition :-

The center of gravity (G):- is a point which locates the

resultant weight of a system of particles or body.
4N

3m In

e

ALl B

L ]
IN G 3N

From the definition of a resultant force, the sum of moments
due to individual particle weight about any point is the same as
the moment due to the resultant weight located at G. For the

figure above, try taking moments about A and B.

Similarly, the center of mass is a point which locates the

resultant mass of a system of particles or body. Generally, its

location 1s the same as that of G.
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¢ Centroid of simple shapes:-

Shape X y Area A
1. Triangle Y
i : i 1bh
[Ty 3 3 2
PR —
2. Semicircle
* 4 .-7‘2
0 G L
ﬂa . 3 2
3. Quarter circle y
b |y
[ 3r 37 4
X
%
4. Rectangle yy
m/ b h
Bl v 5 5 bh
ke— p—d A
5- Circle
~ r nr
y
2
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Centroid of complex shapes:- When a body or figure can be

conveniently divided into several parts whose centroid are easily

determined.
_ IRA _IyA
*=7a Y=73a

EX1 Find the centroid of the given area
Y
| 1in

| oA AT

| 7\ 1in 9 AZ 1in
|
|

1in

1in )
1in
X
3in 3in
Soulstion:-
D Area X; %" Area Wi v Area
(in%) (in) (in) (in} (in*)
A, 2 0.5 1 1 2
A, 3 2.5 7.5 0.5 1.5
Asg 1.5 2 3 1.333333 2
Ay -0.7854 10.42441| -0.33333 | 0.42441 | -0.33333
5.714602 11.16667 5.166667
& XA 11.16
f=— = —_ = 195in
YA .71
LyA 516
V= = m— =004 in
ZA 5.71
3
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EX2 Locate the centroid of the plate area shown in Figure below.

m
_..I .
Im
T X
- P zm . - ?JI]_ -
| m
v
e | . 25m
o__
TEl - .,
- 'm i
— J‘ I L S - :
“15ml lml
Segment A (m?) X(m) | y(m) XA(m?) yA(m?)
1 0.5x3x3= 45 1 1 4.5 4.5
2 3IxXx3=9 -1.5 1.5 =135 13.5
3 —2X1=-=2 -2.5 2 5 -4
)3 YA=11.5 IXA=-4|ZyA =14
po 224 _ 0.348
X = = = —U. m
LA 11.5
_ 2yA 14 99
— = = 1. m
Y=7a4 " 115
4
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EXx2 Find the centroid of the part.

c a
- - R N
!}/\\ b b
/  3m 1 g
R
d- 6m e 3m -
Solution:

1. This body can be divided into the following pieces:

rectangle (a) + triangle (b) + quarter circular (c)—semicircular area (d).
(Note the negative sign on the holel)

Steps 2 & 3: Make up and fill the table using parts a, b, ¢, and d.

Segment A (m?) xX(m) y(m) XA(m3) yA(m3)
Rectangle 18 3 1.5 54 27
Triangle 4.5 7 1 31.5 4.5
Q.Circle | 9m/4 | —4x3/3m| 4x3/3m -9 9

Semi-Circle | —m/2 0 —4x1/3m 0 -2/3

) 28.0 XA =76.5| LyA=39.83

~ XYXA 765

X = = =2.73m
2A 28.0

~ XYyA 39.83 49

= = = 1. m

Y =54 T 280
5
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Moment of Inertia (S gadll aje)

e It is a measure of an object’s resistance to changes to its rotation.
e Also defined as the capacity of a cross-section to resist bending.
e The sum of the products of the mass of each particle in the body and

the square of its perpendicular distance from the axis of rotation I.

[ =T+Ad?

. "
Moment of Inertia at C Moment of Inertia at base
1 1
= — 3 = — 3
= I, 17 2 I, =3 bh
X
1 _ 1,
= 1. =£bh3 Ix =75 bh
X
1 1 4
fl/_zm,,‘t Ig = 57
1 1
/ /
Le=1,;, = gm*"" Iy = Zm'd‘
VR S 1,
x fxzf}rzﬁﬁ?' fﬂzgﬂ'?
1
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EX1

The figure shows the cross section of a beam made by gluing four planks
together. Determine the moment of inertia of the cross section about the x

axis.
¥
150 mm | 150 mm
{ ]
NN
ISI:H.I:Lm—1 # ‘/ f‘
] 7% 200 mm
4 # 5
/ 200 mm
ﬁ']ﬂlﬂl-* g / *‘
OSSN
Ei]mm_t.- - —m| e 60 mm
Sol:-
Al A2
Y 60m.91—200mm+10-0mm+6{]mm=520mm ¥ 200 mm =+ 200 mm = 400 mum ¥
R TSl 7 7 AN .
/ / =“‘-H"“=.,_ // _ ‘-,\\ N \ \
‘’ //// BN
] g \
NANNNNNN 7
e 420 mm —= 300 mm
60 mm + 150 mm + 150 mm + 60 mm = 420 mm—— " 150 mm + 150 mm = 300 mm-~
Large rectangle Small rectangle

1- A1 ,
Large rectangle Ix = 131_15 77
_ (420 mmljgizum}l oo / / ]

= 49213 % 10° mm® %

— 42 mim —=
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¥
2- A2
b’ \ N
Small rectangle Iy = T \\
400 mm N X
_ (300 mm)(400 mm)’ \\
12 N
= 1.6000 = 10° mm* - -
300 mm
For the composite region subtracting gives
Ix = Large rectangle Ix — Small rectangle Iy
= 49213 » 10" mm" — 1.6000 » 10° mm*
=332 % 10° mm”* «Ans.

EX 2

Determine the moment of inertia of the cross section about the x axis.
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Sol;-
Al A2

A1 Large circle Iy = (50 mm)’
= 49087 x 10° mm*
A2 Small circle Ix = % (20 mm)*

=0.1257 x 10° mm*
For the composite region, subtracting gives

Iz = Large circle Ix — Small circle Ix
=49087 » 10° mm®* — 0.1257 » 10° mm*
=478 x 10° mm* «Ans.

Ex3 Determine the moment of inertia of the beam cross section about the x centroid

axis.
v
80 mm | 80 mm
_LI/ A

_L_ZO mm T

120 mm

.
?

120 mm

_L2r0 nm |
T —= |=—20 mm
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SOL:-

v y
80 mm | 80 mm
J_VH — _

T

120 mm

l

_‘:20 mm T
120{11111
T X =
120 mm
20 mm
i i \
_f_ —= =—20 mm
1- A1 3 A1
bh
I =
)

_ ( 20 mm)(240 mm)’
12
= 2304 x 10’ mm*

2- A2
Ix = Ixu:‘ + dzA

¢, _ bh’
k 12

(180 mm)( 20 mm)’
- 12

. 5
= 12 x 10" mm*

k= 12 x 100 + @A

2

= 12 x 10° +(130) (180 X 20)
- 60960000 mm?

Ix (TOTAL)= A1+2A2

7
=2.304 X 10+ 2 (6.096 X10) =145X 108 mim
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y
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YEO mm 130 mm
+ X
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Example : Determine the centroid of the shaded area shown in figure with
respect to

(X) and (Y) axes . VT

dcm
—» X
Gomi
| ‘ 4.5cm >l 4_5cm )
Solution:
Fig. ai Xi yi aixi aiyi
4= 9=36 0 2 0 T2
1/2= 6= 9=27 -1.5 -2 -40.5 -54
_r\,l -(4.5-0.424x2)
|
i/'I -n(2)%/2=-6.283 =-3.652 2 22.945 -12.566
(!
!
N -6.283 3.652 2 - -12.566
22.945
50.434 -40.5 -7.132
X=-40.5/50.434=-0.803Crm ¥=-7.132/50.434=-0.141Cm
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Example: Determine the centroid of the shaded area shown in figure with
respect to

(X) and (Y) axes . ¥ ’

—
3cm
3cm

3cm 4cm
Solution:
Fig. ai Xi yi aixi aiyi
l 4= =24 2 3 48 72
‘ 1/2x 3% 6=9 -1 2 -9 18
. |
i -n(3)*/4=- 4-(0.424x3) | 6-(0.424x 3) -19.27 | -33.4
-7.069 =2.728 =4,728
3 25931 19.73 56.6
¥=19.73/25.931=0.76Cm ¥=56.6/25.931=2.18Cm
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Example: Determine the moment of inertia of the shaded area shown in figure with

1)

respect to(x) axis . Yf

Solution:
3cm
Al1=4x 6=24Cm? v

A2=1/2x 3x 6=9Cm?
A3=n(3)?/4=7.06Cm?

3cm

3cm 4cm

For(Al) :

Ix=bh3/12+Ad? =4*(6)3/12+24*(3)?=288Cm* (+)

For(A2):

Ix=bh?*/36+Ad? =3*(6)*/36+9*(2)?*=54Cm* (+)

For(A3) :

Ix=0.196(r) ‘ +Ad? =0.196 *(3) “ +7.06*(4.728)?=173.72Cm* ()
Ix(total)=288+54-173.42 =168.27 Cm*

Q/ Find the moment of inertia of T- section show in Fig. About x-axis .

(Ix)a = (Ix)a1 + (IxX)a2

2 cm 1
g cm -~
Xo1
-
c.gy 2 ‘[
f/ ! dx;=6 cm
2cm ®C Moz
: X
8 cm dx, =1 cm

28 _gcaa | _8(2)_ < -
h—ol > 85 3cmn Ixoz 5 5 3cm4d
(IT )al - Ixc-l _I_"qudr 2:4:1 (IT )a2 — I:ra'z +(?2(f 2x 2

(Ix ), =85.3+(8%2)(6)°

(Ix),,=5.3+(8%2)*(1)?

(Ix ) =661.3cm* Ux) ,=213cm*

Y Ux), = ). +Ux),,
(Ix),=682.6cm*
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Strength of Materials

Strength of materials : 21 el 4agis )
Is the resistance of materials to the external forces “=a &l . &l
acting & =3« omir == .

(Sl:ress gyl )

The resistance per unit area to deformation the symbol of stress
is (J) the unit === of stress is unit of force divide by e 3ds
o~ unit of area ( N/ mz} .

o=L

A
(0 = stress gl
P =Force 5_-3'91“
A = Area dal call

|:||:| Tvpe of stress 424 £l

1. Tensile stress | Or | dgal
A

0, :E " _--___-_-%_.;-_._4

P = tensile force 2538 _
A =cross sectional Area =il dales
i o el Bl L iy g o el g S ) ) ;A
(=88

Ali Abdul-zahra Hasan



Engineering Mechanics Southern Technical University
Lec 13 Technical Institute Of Amara

2. Compression stress O, Sl dgal A

C
¢ A

P = Compression force a=sg
A = cross sectional Area kel daa

P

-En._|.1_:|.-i'.|7-MIﬁi%ulﬁijﬂﬁMHJﬁ;ﬁ;“g@u}:ﬂ-El:Li

3.5hear stress {D') il g A

,:E "]:I_| | P

Ty | . | .

P =shear force = 53 )
A =cross sectional Area  pbial dalia

absiall Aalcall 2aT ciap s e jglaa 5 el o g 055 o a1 Adaall

- (55al da)lps

When a force acting 3 <3 i on a body it under—ss: goes

some deformation =5 the deformation per unit length =4

3=l is kmown as strain .

Strain has no unic  <laag o Jaslyl

Jelll claay Ao and i) adll ik g s bsaiaa o Bpthlldleas)
(Do) e Jmas

The sample of strainis (&)

AL

L
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E=strain  Jaidyl
A L = deformation skl A sl
L = Length of body ] ] gk

1. Tensile strain ( & T ) P T P
R
AL
£ = 1 1k
T L
AL =Tensile deformation skl ot B
L = Length of body and] ] g
2. Compressive strain ( £ C ) L
. . |
P — |
& :'ji—"[‘ _bl | Al
C —

AL = Compressive deformation — J gl Jlasd
L = Length of body peadl gk

L

3. Shear strain ( £, ) =il Jaid P
& 5T
e = shear de formation Jss . s J
TITTY
3
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L =Length of body a-ad =

Elasticity — 4——dgall

Is the property “i= of material =<' of returning ,F;_P-,.J' back to
their original position Al adpall after 2 removing “J'} the
external force = &diz @l

When the external force 4= 0 3330 js removed ' = the force of
resistance 43l s also vanishes -5 and the body spring &
back to its original position sttt f':-".'l-l" This t]uug happens
<2 in Elastic limits 455 255 only ki

EX 4 In Fig find the tensile stress in the section &=&s BB , CC if
P=14400N. -B |C

|

N
I

A0 mm

A =10 * 30 = 300 mm’ | % 75 mm
_
|
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14400
O =
I 300
7. =48N /mm*
T

Section CC el

_P
°r74

A=T75+10-30*10
A=750-300
A = 450 mm’

_ 14400
I 450

T =32N /mm?
T

— EX 2
The section shown in fig . is subjected to compression force of

( 820 000 N ) .IF the compression stress is { 12 000 N/ cm” ) Find
the dimension (d ) ?
A=(10*d)-T(d-3)

10 cm

.

+

A=10d-7d+21

A=3d+21 — 1 [ % _Ijlf:-m"
% £
*%ﬁ'_i
777
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o :£

C 4
4= P _820000 Hsem
i G- 12000

A =68.33 cm’

;_}_,-;au.-;::li-:id.r.'l_;.__,.l.-‘l
68.33=3d + 21
3d=6333-21
3d =47 .33

J =47.33

(Q / In Fig . Two plates 4asi= are joint by three rivets a-% » of
( 20 mm ) diameter == . How much the shear stress in the
marterial of rivet if ( p=06000 .7 N)

A=23a )
A=3(r.mT)

AT Al * 2 il i ) = 5 Sl Aalw

E;__”;h 4 wudll = 3 ._.-“.' —

A=3((103% 1)
A =300 7 mm’

R
6000 T

© 4 3007

Cl's =20N /mm?

& =P 60007
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