
 

 

 وزارة التعليم العالي والبحث العلمي    

 معة التقنية الجنوبية اج لا

 عهد التقني العمارةملا    
 المدنية قسم التقنيات     

 
 

 
 

 الحقيبة التدريسية لمادة
                  

                   
 

 الميكانيك الهندسي 
 

 المرحلة الاولى 
 

 تدريسي المادة
 علي عبد الزهرة حسنم. 

 
 

 

 

 

 

 



ي التعليم وزارة ي والبحث العال   العلم 
 الجنوبيةي التقنيةي الجامعة

 التكنولوجية / التخصصات
  بناءيوانشاءات / الفرع ييييييييييييييييييييييييتقنياتيالمدنية القسم

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

يمنيدراسةيمادةي:ييالهدف
 

 

هو  الهندسي  الميكانيك  دراسة  من  من  الهدف  ن  المهندسي  ن  تمكي 
والمعدات  والآلات  الأنظمة  وتطوير  وتصنيع  وتصميم  تحليل 

ياء،  يركز هذا المجال على  . الميكانيكية المختلفة ن الفي  تطبيق مبادئ 
الأشياء   عمل  لفهم كيفية  والطاقة،  والقوة  الحركة  ن  قواني  وخاصة 

يهدف المهندسون الميكانيكيون إلى إنشاء تقنيات  . وكيفية تحسينها
منتجات   وتصنيع  تصميم  خلال  من  ية،  البشر الاحتياجات  ي  تلب 
ي مختلف المجالات مثل الطاقة، والنقل، 

وخدمات مبتكرة وفعالة فن
هاوا  .لرعاية الصحية، وغي 

 

 

 

يالفئةيالمستهدفةيي
 

 طلبة الصف الاول /قسم التقنيات الميكانيكية 

 

بويةيالمستخدمةي:ي يالتقنياتيالتر
 

 سبورة واقلام  •

 السبورة التفاعلية  •

 Data showعارض البيانات  •

 Laptopجهاز حاسوب محمول  •
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 
 

 
 

 
 

  
 
 
 
 

Engineering Mechanics 

 
 

 

 
The References 

 

• Engineering-Mechanics-Statics-R.C.-Hibbeler 

• Singer, "Engineering-Mechanics" 

• Hidgon and Stile "Engineering-Mechanics" 

 

Ministry of Higher Education 

And Scientific Research 

Southern Technical University 

Technical Institute Of Amara 



Engineering Mechanics                                                                                                             Southern Technical University 
Technical Institute Of Amara                                                                                                                                        1ec L      

1 
Ali Abdul-zahra Hasan 

Ministry of Higher Education 
And Scientific Research 

Southern Technical University 
Technical Institute Of Amara 

 
 
 

 
Engineering Mechanics 

 
 
 

 
first class of Students 

Civil Techniques Department  
 

By 

Ali Abdul-zahra Hasan 
2017 

 
 

 

The References 

 
 Engineering-Mechanics-Statics-R.C.-Hibbeler 

 Singer, "Engineering-Mechanics" 

 Hidgon and Stile "Engineering-Mechanics"  

 

 

 

 

 

 

 

 

2024-2023

First stage 



Engineering Mechanics                                                                                                             Southern Technical University 
Technical Institute Of Amara                                                                                                                                        1ec L      

2 
Ali Abdul-zahra Hasan 

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  

 Length - locate the position of a point in space  

 Mass - measure of a quantity of matter  

 Time - succession of events  

 Force - any action which change or try to change the shape ,volume 

or the motion of  a body. 

 Particle - has a mass and size can be neglected  

 Rigid Body - a combination of a large number of particles  

 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 

 

 

 

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.  
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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. 

 

 

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

particles are equal and, opposite and collinear.  

 

 

 
 

Unit Measurement 

1- SI  

The International System of Units (abbreviated as SI, 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
)  

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
2
) 

https://en.wikipedia.org/wiki/French_language
https://en.wikipedia.org/wiki/Metric_system
https://en.wikipedia.org/wiki/System_of_measurement
https://en.wikipedia.org/wiki/Units_of_measurement
https://en.wikipedia.org/wiki/United_States
https://en.wikipedia.org/wiki/English_units
https://en.wikipedia.org/wiki/British_Empire
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 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 forces is a method for solving the results of 

applying two forces to an object. 

 

Figure 1: Parallelogram construction for adding vectors 

 

https://en.wikipedia.org/wiki/Parallelogram
https://en.wikipedia.org/wiki/Force
https://en.wikipedia.org/wiki/File:Vector_parallelogram.PNG
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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 =     A
2
 +B

2
 – 2AB cos c    

-:Sine  law 

  A              B             C        

            =              =  

sin  a        sin b         sin c 
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Ex1  

The screw eye in Fig. below is subjected to two forces,F1 and F 2. 

Determine the magnitude and direction of the resultant force. 

 

 
Solution:- 

           

150 N 

 

 

 

                                                                                                                                

 115°  

 100 N               𝛽        

    

a- Parallelogram                                                      b- Trigonometry 

 

 

R=     A
2
 +B

2
 – 2AB cos c    

R =     100
2
 +150

2
 – 2*100*150 cos (115° )    

R= 213 N 

10° 

a° 

15° 

a° 

15° 
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Sine  law:- 

A              R                                               150 213 

 =                                            =              

sin  a        sin c                                          sin a          sin (115°) 

a° = 40 

direction R measured from the horizontal. Is 

β° =40° + 15° = 55° 

x 2E 

Resolve the horizontal 600-lb force in Fig below into two components 

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

components. 
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x 2E 

Resolve the horizontal 600-lb force in Fig below into two components 

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

components. 

 
 

 

 

 

 

 

 

 

  

SOL:- 

 

           

  

                                                                                                            

 

 

 30°   

 30°  

 

 

 

 

 

120° 

c= 30° 

30° 

R 

A 

B 

v 

u 

B 
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Sine  law:- 

A              R                                               A     600 Ib 

 =                                              =              

sin  a        sin c                                       sin (120°)       sin (30°) 

A = 1039 Ib 

B              R                                               B     600 Ib 

 =                                              =              

sin  a        sin c                                       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.  

                  y 

 

 

 F1  FR             F2=200 Ib        

                            

                                                                                                  X 

 

SOL:- 

Sine  law:- 

F1               F2                                             F1      200 

 =                                              =              

sin a          sin b                                       sin (60°)       sin (45°) 

F1 = 244 Ib 

F2               FR                                                200     FR 

 =                                              =              

sin b        sin c                                       sin (45°)       sin (75°) 

FR = 273 Ib 

75° 

60° 

45° 

30° 
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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 F2 have a minimum 

magnitude. Determine this magnitude the angle 𝜃, and the corresponding 

resultants force.  

 

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

and its direction measured clockwise from the x axis. 

 

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

force. 
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Rectangular Components 

 

   (+fy) 

 

(+fx) 

fx = F sin 𝜃° 

fy = F cosine θ°  

F =     fx
2
 +fy

2
     

𝜃 = tan
-1

 (
𝑓𝑦

𝑓𝑥
) 

  + + 

note :-                 fy = - fx =  -  

 

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, lb. ft, ect. 

 

 

                 Mo = f . d 

Varignon's theorem:- 
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. 

https://en.wikipedia.org/wiki/Torque
https://en.wikipedia.org/wiki/Euclidean_vector#Addition_and_subtraction
https://en.wikipedia.org/wiki/Algebraic_sum
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MA = MAfx + MAfy
                                           

 

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

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

 

 

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

following figure below.                                       Y 

   30° F=30 kN 

 

 A                                               10 m X 

 30 m 

 

Sol:-            fy 

fx = F sin 30°   30° F=30 kN 

 = 30 sin 30° fx 

     = 15 kN A                                               10 m 

fy = F cosin  30° 30 m 

    = 30 cosin  30° 

    = 25.9 kN 
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MA = MAfx + MAfy
 

 

   = 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, lb. ft, ect. 

 

 

                 Mo = f . d 

Varignon's theorem:- 
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. 

MA = MAfx + MAfy
                                           

 

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

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

 

 

 

https://en.wikipedia.org/wiki/Torque
https://en.wikipedia.org/wiki/Euclidean_vector#Addition_and_subtraction
https://en.wikipedia.org/wiki/Algebraic_sum
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Ex 1:- Find the moment of force (f) about point (A) as shown in the 

following figure below.                                       Y 

   30° F=30 kN 

 

 A                                               10 m X 

 30 m 

 

Sol:-            fy 

fx = F sin 30°   30° F=30 kN 

 = 30 sin 30° fx 

     = 15 kN A                                               10 m 

fy = F cosin  30° 30 m 

    = 30 cosin  30° 

    = 25.9 kN 

 

MA = MAfx + MAfy
 

 

   = 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 :- 

 

Replace the force by its rectangular components at A, 

F1 = 600 cos (40) = 460 N, 

 F2 =  600 sin (40) = 386 N 

By Varignon's theorem, the moment becomes 

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

 

Ex 3  
Determine the rcsu1tant moment of the four forces acting on the rod 

shown in Fig. below about point  0 . 

    y  

                   50 N 

         ,sol :- 

 X   N 60  

    O 

20 N   b  a     3         a  

 b 

 40 N   

Mo =  -( 50 * 2)  + ( 60 * (0) ) + ( 20 * a ) - ( 40 * ( b + 4) )  

30° 

3 

30° 

2 2 
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  b = 2.59   cos 30 = 
𝑏

3
 

sin 30 =  
𝑎

3
 a = 1.5 

Mo =  -( 50 * 2)  + ( 60 * (0) ) + ( 20 * 1.5 ) - ( 40 * ( 2.59 + 4) )  

Mo = - 333.6 N.m  

 

 

Moment of a Couple 

  )عزم الازدواج (
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 ( a+ d ) 

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

= F * d 

MB = F * d + F ( d – b ) 

= F * b + F * d – F * b 

= F * d                                                                         

    

Mc = F*d 
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Ex1:- 
Determine the moment of the couple shown in figure about the axis 

through Points A,B,D. 

 

Sol:- 

Mc(A)=1000× 40+1000× 40 = 80000 N.Cm 

Mc(B)=1000× (40+40) = 80000 N.Cm 

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

 

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

on the plate in Fig. below. 

 

Sol:- 

MR = - M1 + M2 - M3 

      = -(200 * 4) + ( 450 * 3) – (300 * 5) 

      = -800+1350-1500 

MR = -950 Ib.ft (clockwise ) 

D 
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Equivalent Couples. 

 (عزم الازدواج المتكافئ)
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 = 30 N* 0.4 m = 40 N*O.3 m = 12 N· m  

 

 

 

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

its forces effects horizontally at points B,D. 

 

Sol:- 

Mc=-200× 20+100× 30+50× 40 

=1000N.Cm 

Mc=F . d 

1000=F × 20 

F=50N 
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Resultant Non-Concurrent Coplanar Forces 
 (محصلة القوى الغير متلاقية الواقعة في نفس المستوى(

 

 

1- Resolve the forces in to x and y compent 

2- Rx = ∑ Fx 

3- Ry =∑ Fy 

4- R =     Rx
2
 +Ry

2
  

5- 𝜃 = tan
-1

 (
𝑅𝑦

𝑅𝑥
) 

6- MO = ∑M 

7- MO = R * d                                               d =  
M𝑂

𝑅
 

 

Ex1 :- 

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

the plate shown. 

 

 

 

 

 

 

 

 

sol :-  

Rx=∑ Fx=40 +80 cos(30) – 60 cos(45)= 66.9 N 

Ry=∑ Fy=50 +80 sin(30) +60 sin(45)= 132.4 N  

           

 

60 sin 45 

60 sin 30 

60 cos 30 

60 cos 45 
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R =     Rx
2
 +Ry

2
  

R =     66.9
2
 +132.4

2
 = 148.3 N 

𝜃 = tan
-1

 (
𝑅𝑦

𝑅𝑥
) 

𝜃 = tan
-1

 (
132.4

66.9
)  𝜃 = 63.2° 

MO = ∑M 

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

MO = R * d 

237 = 148.3* d                       d =  
237

148.3
 =1.6 m 
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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. 

 

 

Sol :-   

sin 30 = 
𝑎

300
                  a  = 300 * sin 30 = 150 mm           300                 a  

cos 30 = 
𝑏

300
                  b  = 300 * cos 30 = 259.8 mm             c     b 

cos 30 = 
𝑐

300
                  c  = 300 * cos 30 = 129.9 mm  

 

Rx=∑ Fx =320 cos(60) = 160 N 

Ry=∑ Fy = -400 - 320 sin(60) = -677 N  

 

R =     Rx
2
 +Ry

2
  

R =     160
2
 +(-677)

2
 = 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 

 

 

320 cos (60) 

320 sin (60) 
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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). 

 

Sol :- 

Rx =250 *  3/5 - 520 * 12/13 - 400 

=-730 N=730N R 

Ry=250 * 4/5 – 520 * 5/13 = 0 d 

R =     Rx
2
 +Ry

2
  A 

R =     (-730)
2
 +(0)

2
 = -730 N 

R=730 N 

R * d= ΣMa 

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

d =3 Cm 
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Equilibrium  
 ) التوازن (

 

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 :- 

∑Fx = 0 

∑Fy = 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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 Type of support 
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Free body diagram (FBD) (مخطط الجسم الحر( 

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

the body after removal of supports. 

  جميع القوى المسلطة علي الاجسام و قوى رد الفعل للجسمن بعد ازالة الاسناد(لويمثل الرسن البياني  (
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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:- 

[∑Fx = 0]  

 8 + T cos 40 + C sin(20) - 16 =  0 

0.766T + 0.342C = 8        (a) 

 

[ΣFy = 0]  

T sin 40 - C cos 20 - 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. 

 

[∑Fx = 0]       

[ΣFy = 0]         

[ΣMo = 0]  
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Sol:- 

              

 

    

  

  

 2           2                   2 

           F.B.D 

 

SOL:- 

[∑Fx = 0]      , [ΣFy = 0]        , [ΣMo = 0]           

 [∑Fx = 0] 

HB + 100 cos (45) = 0 

HB = - 70.71 kN   

 

ΣFy = 0 

RA +RB -100 – 100 sin(45) = 0 

RB = 170.71 – RA                        eq (1) 

[ΣMA = 0] 

RA * 6 – (100 sin45) * 4 – 100 * 2 = 0 

RA  =  80.47 kN 

By solve (1) 

RA  =  90.23  kN 

 

100 kN 
100 kN 

45° 

RB 

HB 

RA 
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Ex 3 

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. 

 

SOL:- 

HB = RB sin 30 

VB = RB cos 30   

 

[ΣMA = 0] 

(RB cos30)* 6 – (RB sin 

30) * 2 – 750 * 3 = 0 

RB  =  536.2  Ib 

 [∑Fx = 0] 

HA – HB = 0 HA – 536.2 sin 30 =0 

HA = 268 Ib  

 

ΣFy = 0 

RA +VB -750 = 0 

RA + 536.2 cos(30)– 750 = 0 

RA  =  285.6  Ib 

 

 

HB 

VB 
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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. 
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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. 

 

 Vo  1.4 kN  W  

sol :- 1.2     1.2    0.6         

W = m.g  

     = 500 * 9.81 = 4905 N = 4.905 kN F.B.D 

  [ΣMo = Mo] 

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

Mo = -7.55 kN.m (counter clockwise) 

 [∑Fx = 0] 

Ho - 3 sin (30) = 0 

Ho = 1.5 kN   

ΣFy = 0 

VO +1.4 – 4.9 – 3cos(30) = 0                                   

VO = 6.1 kN 

 

 

 

 

15 kN.M 

Ho 

Mo 
3 kN 

1.8 
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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 :- HB 

W = m.g  HA 

 = 50 * 9.81=  490.5 N                                                                         30° 

ΣFy = 0 RA VA  

VA -W = 0 W  

VA - 490.5 = 0 

VA =  490.5 N  

 VA = RA cos30 

 490.5 = RA cos30 

RA  = 566.38 N 

HA = RA sin(30) 

      = 566.38 sin(30) = 283.2 

[∑Fx = 0] 

HA – HB   = 0   

 283.2 – HB   = 0     

HB   = 283.2 N 
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Ex3  

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

reaction on the beam at C. 

 
 

 Sol :- 

   

                      F.B.D 

 

[ΣMA= 0] 

 [HA*  1.5] – [4* 3]= 0 

HA = 8 kN  

[∑Fx = 0] 

HA + HD   = 0   

8+ HD = 0 HD = -8 Kn( )  

  Ha  

                                        Va Vc  

[ΣMA= 0] 

 [Vc*  1.5] – [4* 3]= 0                    Vc = 8 kN  

4kN 

Hc 
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ΣFy = 0 

Va +Vc– 4 = 0 

Va +8– 4 = 0 

Va = - 4 kN    

[∑Fx = 0] 

HA + Hc   = 0   

8+ Hc = 0 Hc = -8 kN     

 

 

Equilibrium of pulley 

Ex1 
Calculate the tension T in the cable which supports the 1000-lb 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. 

 

 

Sol :- 

Pulley A 

[ΣMO = 0]  

 T1 * r _ T2 * r = 0                               T1 = T2 

 

T T 
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ΣFy = 0 

T1+T2 – 1000= 0              2T1=1000 

T1 = 500 Ib 

T1 = T2 = 500 Ib  

Pulley B 

[ΣMB = 0]  

 T3 * r _ T4 * r = 0                               T3 = T4 

ΣFy = 0 

T3+T4 – T2= 0              2T3=500 

T3 = 250 Ib 

T3 = T4 = 250 Ib  

Pulley C 

[ΣMC = 0]  

 T3 * r _ T * r = 0                               T3 = T = 250 Ib 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

T 
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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. 

              

 

Ex 1  
Compute the force in each member of the loaded cantilever truss by the 

method of joints. 
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Solution:- 

 

 

 

 

  

                                         F.B.D 

[∑ME = 0]  

5T - 20(5) - 30(10) = 0                      T = 80 kN 

 [ΣFx = 0]   

80 cos 30°- Ex = 0                         Ex = 69.3 kN 

  [ΣFy = 0]  

80 sin 30°+Ey -20 -30 = 0                           Ey = 10 kN 

Joint   A 
 

AB 
  
 

  AC 

[ΣFy = 0] 30 kN  

AB sin 60° - 30 = 0 AB = 34.6 kN  T  

 [ΣFx = 0]    

AB cos 60° + AC = 0                         AC = -17.32 kN  C 

 
 
 
 
 

60° 
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 Joint B 
 
 
 

  BD 

[ΣFy = 0] BA   BC 

 

-BA sin 60° -BC sin 60° = 0       BC = -34.6 kN   C  

 [ΣFx = 0]    

BD - BA cos 60° +BC co s 60°  = 0                         BD = 34.6 kN  T 

 
 
Joint C 
 
   CB                   CD 
 

 CA  CE 

[ΣFy = 0]     20 kN 

CB sin 60° +CD sin 60°  - 20 = 0 

-34.6 sin 60°+CD sin 60°  -20= 0           CD  = 57.7  kN   T  

 [ΣFx = 0]    

CE+CD cos 60° - CB cos 60° -CA = 0                         

 CE+ 57.7 cos 60° + 34.6 cos 60° +17.32 = 0                    CE = - 63.5 kN  C 

 

 

 

 

 

60° 60° 

60° 60° 
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Joint   E 
 
 ED 
  
 

 EC=- 63.5 kN    Ex = 69.3 kN  

[ΣFy = 0] Ey = 10 kN  

ED sin 60° +10 = 0 ED = -11.55 kN    c  

 
 

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

truss by the method of sections. 

 

 
 
Solution :- 
 

 
 

60° 
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 [∑MC = 0]  

30(5) – BD(4.33) = 0                      BD = 34.6 kN T 

  [ΣFy = 0]  

    cBC sin 60° -30 = 0                                   BC = -34.6 kN - 

[ΣFx = 0]   

BD +BC cos 60° +AC  = 0                          

34.6 - 34.6 cos 60° +AC =0   AC = -17.3 kN   c 

Ex 3  
Compute the force in CD member of the loaded cantilever truss by the 

method of sections. 

 

 

 

C AC 

BC 

BD 

D 
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Sulston:- 

 

[∑ME = 0]  

5(8) + 3(4) - RA(16) = 0                      RA = 3.25 kN 

  [ΣFy = 0]  

3.25-5-3+ RE = 0                                     RE = 4.25 kN 

 

[∑MF = 0]  

5(4) - 3.25(12) + CD(4)  = 0                      CD = 4.75 kN T  

  

GF 

CF 

CD 
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 The Friction  

 الاحتكاك  

 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. 

 

 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. 
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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 is no fluid friction. 

Static Friction 

As P increases, static-friction force F increases as well until it 

reaches a maximum value F.  

 
F = μ * N 
  

μ  =
 

 
 

Where: 

F = friction force 

N =Normal reaction 

μ = 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 (μ). 

 

tan   = 
 

 
     μ =  tan   
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Explain if the block (400 N) weight turns or slides if pushed by force  P   

(μ= 0.34 )  
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Center of Gravity , Center of Mass 

And Center of body 

 مركز ثقل الاجسام ومركز ثقل الكتلة, و مركز ثقل الجسم   

 Definition :-  
 

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

resultant weight of a system of particles or body. 

 

 

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 is the same as that of G. 
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5- Circle  

 r r          r2
 

     

  

 

 

 

 

x 

 Centroid of simple shapes:- 

X 

y r 
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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. 

 

Ex1 Find the centroid of the given area  

           y 

 
Soulstion:- 

 
 

x 
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Ex2 Locate the centroid of the plate area shown in Figure below.  

 

 

  

 

 

1.5 

1.5 



Engineering Mechanics                                                                                                             Southern Technical University 
Technical Institute Of Amara                                                                                                                                     10  Lec      

5 
Ali Abdul-zahra Hasan  

Ex2 Find the centroid of the part.  
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Moment of Inertia )عزم القصور الذاتي) 

 

 It is a measure of an object’s resistance to changes to its rotation. 

  Also defined as the capacity of a cross-section to resist bending.  

  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. 

 

 

 

 

 

shape Moment of Inertia at base 

 

Moment of Inertia at C 
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EX 1   

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. 

 

Sol:- 

 

 

  

A1 A2 
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EX 2 

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

 

 

 

 

 

 

 

 

 

 

 

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

axis. 

 

 

 

 

A1 A2 
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SOL:-  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A1 
A2 

A1 A2 
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6000 𝜋 
6000 𝜋 


