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Force Vectors 

First we define scalars and vectors: 

Scalar: is a quantity that characterized by a positive or negative number. For 

example: mass, length. 

Vector: is a quantity that has both magnitude and direction. For example: force, 

velocity. 

     A vector is represented graphically by an arrow. The length of arrow represent 

the magnitude, and the angle between the arrow line of action and a reference axis 

represents the direction. 

From the figure shown: 

The vector A has a magnitude of 3 units and a direction 

equals 35◦ measured counterclockwise from the reference 

line (horizontal here) 

Point O called tail and point P called tip (or head) 

 

 

 

 

 

Vector operations :- 

1. Multiplication of a vector by a scalar. For example 

 

 

 

 

Tail 
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2. Vector addition.  

If we have a two vectors A&B. These two vectors can be added to form a 

resultant vector R = A + B by using the parallelogram law. 

To do this A & B are joined together by their tails. Parallel lines drawn from the 

head of each vector intersect at a common point to form a parallelogram. 

The resultant R is the diagonal of the parallelogram which extends from the tail 

of A & B to the intersection point. 

 

 

We can also added B to A using the triangle construction which a special case 

of parallelogram law. 

Connect the head of A to the tail of B. The resultant extends from the tail of A 

to the head of B. 

Or, head of A to tail of B. 
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As a special case, if A & B are collinear (the both have the same line of action), 

R determined by scalar addition. 

 

 

 

 

3. Vector subtraction : 

The resultant difference between A&B may expressed as : 

 

 

4. Resolution of a vector : 

The vector may be resolved into two components having known lines of action by 

using the parallelogram law. For example: if R is to be resolved into components 

acting along the lines a & b. Start from the head of R to draw a parallelogram. 

Then, the components A & B  extend from the tail of R to the intersection points.  
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Vector addition of  Forces :- 

A force is a vector quantity since it has a magnitude and direction.  

Therefore, the force addition will be according to parallelogram law.  

 

 

 

 

 

 

The sine law and the cosine law may be used. 
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Examples:- 

Ex.1: determine the magnitude of the resultant and the direction measured from    

          the horizontal line.  

Sol.: 
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Ex.2: determine the angle θ so that  the resultant force directed horizontally to  

          the right. Also find  magnitude of the resultant.  

Sol.: 
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Ex.3: determine the magnitude of forces FA and FB  acting on each chain In order  

          to develop a resultant force of 600 N directed along the positive Y-axis. 

Sol.:  
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Resolution of resultant: 

 

Ex.1: for the frame shown, determine the angle θ so that the    

          horizontal component FAC has a magnitude of 400 N.   

          Also find FAB. 

Sol.:  

 

 

 

 

 

 

 

 

 

 

A 
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Ex.2: Resolve the 50-lb force into components acting along   

          (a) the x and y axes, and (b) the x and y´ axes. 

Sol.:   
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Ex.3:- The screw eye shown is subjected to two forces F1 and F2. Determine the  

           magnitude and direction of the resultant force . 

 

 

 

 

 

Sol.:  
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Resolving a Force into Rectangular Components :- 

   When a force resolved into perpendicular axes, the resulting components called 

rectangular components. These components are determined by trigonometry 

(easier). 

For example,  

 

 

cos θ = Fx / F                  Fx = F cos θ 

sin θ = Fy / F                  Fy = F sin θ 

 

EX.1: determine the X, Y components of the force F.  

Sol.:  

 

  

EX.2: Determine the X and Y components of the 800-lb force.  

Sol.: 

  

 

 

 

Fy 

Fy 

Fx

F 

θ 
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Addition of System of Coplanar Forces:- 

  When a resultant of more than two forces has to be obtained, it is easier to find 

the components of each force along specified axes, add these components 

algebraically, and then form the resultant. 

 

EX.1: Determine the magnitude of the resultant force and  

           its direction, measured counterclockwise from the  

          positive X axis. 

Sol.:  
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EX.2: If F2 =150lb and θ=55◦, Determine the magnitude  

           and orientation, measured clockwise from the  

           positive x-axis, of the resultant force of the three  

           forces acting on the bracket. 

Sol.: 
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EX.3: Determine the magnitude and direction θ of F1 so that  

           the resultant force is directed vertically upward and  

           has a magnitude of 800 N.  

Sol.: 
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Ex.4: Determine the X and Y components   

          of force acting on the qusset plate of  

          the bridge truss. Show that the  

           resultant force is zero.  

Sol.: 
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Moment and Couples 

(1) Moment of a force: 

  The moment of a force about a point or axis provides a measure of the tendency 

of the force to cause a body to rotate about the point or axis.  

The force F and the point O lie in a plane. The moment 

about the point O, or about an axis passing through O 

and perpendicular to the plane is a vector quantity. 

The magnitude of  M is :   M = F . d 

Where d is the moment arm or perpendicular distance 

from point O to the line of action of the force F. Units 

of moment consist of force times distance, e.g., N.m or 

lb.ft. 

The direction of  M is specified by using the right-hand role. The fingers of the 

right hand is followed the rotation. The thumb then points along the moment axis 

to give the direction of the moment vector. 

Here the sense of rotation                 represents the direction of moment. 

 

Ex.: Determine the moment of each of the three forces  

        about point A. 

Sol.: 

 

 

 

 

 



18 

 

 

 

 

 

 

 

 

 

 

 

 

Note : It is easier to use the principle of moments, that is : the moment of a  

           force about a point is equal to the sum of the moments of the forces  

           components about the point. ( Varignon’ s Theorem) 
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Resultant moment of a System of Coplanar Forces : 

  Resultant moment MR of the system can be determined by adding the moments of 

all forces algebraically.  

Or         +       MR = Ƹ Fd 

The moment of any force will be positive if is rotate the body clockwise, whereas a 

negative moment rotate the body counterclockwise. 

Examples: 

Ex.1 : Determine the moment about point B of each  

           of the three forces acting on the beam. 

Sol.: 

 

 

 

 

 

Ex.2 : For the power pole shown, determine the resultant  

           moment about base D. Then determine the resultant  

          moment if line A removed.  

Sol.:  
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Ex.3 : Determine the direction θ (0◦ ≤ θ ≥ 180◦) of  

          the force F = 40 lb so that it produces (a)  

         moment about point A and (b) the minimum  

         moment about point A. Compute the moment  

         in each case. 

Sol.:  

 

 

 

Ex.4 : Determine the resultant moment of the  

           forces shown about point O. 

 

Sol.:  
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(2) Couples : 

  A couple is defined as two parallel forces that may have the same magnitude, 

opposite directions, and are separated by a perpendicular distance. 

Since the resultant force of the two forces is zero, the only effect 

of a couple is to produce a rotation. 

The moment produced by a couple called a couple moment and is    

                           MC = F . d 

Where F is a magnitude of one of the forces and d is the perpendicular distance 

between the two forces. 

 

Ex.1: Determine the magnitude of the couple. 

 

Sol.:  

   +    MC =F . d 

                = 10 *2 = 20 kN.m  

 

Ex.2: Determine the magnitude of the couple.   

 

Sol.:  

It is difficult to find the perpendicular distance 

between the forces. 

Instead we can resolve each force into components and then use varginon’s 

theorem.  

=10 kN 

=2 m 

1m 
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Notice that the couple moment can be act at any point of the member since the MC 

is free vector.   

 

 

 

 

 

 

 

90 N 
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Using of couples in statics: 

(1) Changing the line of action of aforce : 

We want to move the force F from the point A to B. 

 

 

 

(2) Reduction of a force system to a force and a couple; 

We want to reduce the forces F1, F2, and F3 to a force and couple MR at O. 
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Examples: 

Ex.1: Replace the forces acting on the brace by an equivalent resultant force and  

           couple moment acting at point A. 
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Ex.2: Replace the force system acting on the eam by an equivalent resultant force  

          and couple moment acting at point A. 

 

Sol.: 
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 Using the moment Concept to find the resultant of  Nonconcurrent Forces:  

   If we have the force system shown: 

 

 

 

 



27 

 

Ex.2: Determine the magnitude of the resultant and specify where its line of action  

          intersects the column AB and the beam BC. 
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Ex.3: Determine the magnitude, direction, and location of the resultant. 

Sol.: 

 

 

 

8kN 6kN 4kN 
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EQUILIBRIUM 

The Concept: 

  When a system of forces acting on a body has no resultant, the body is in 

equilibrium. 

Newton’s first law of motion states that if the resultant force acting on a particle is 

zero, the particle will remain at rest or move with a constant velocity. This law 

provides the basis for the equations of equilibrium. 

The equations of equilibrium of a rigid body are:  

   

Free Body Diagram: (F.B.D):         

   The free body diagram is a sketch of a body or a portion of a body completely 

issolated (or free) from its surrondings. 

In this sketch, it is necessary to show all the forces and moments that the 

surroundings exert on the body. By using this diagram, the effect of all applied 

forces and moments acting on the body can be accounted by the equations of 

equilibrium. 

We need to know the following things before knowing how to draw the F.B.D. 

 

 

(1) Support Reactions: 

There are various types of reactions that occur at supports and points of 

support between bodies subjected to forces. 
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(2) External and Internal forces: 

             Since a rigid body is a composition of particles, both external and internal 

loadings may act on it. Only the external loadinge are represented on the free 

body diagram because the net effect of the internal forces on the body is zero. 

 

(3) Weight of a Body : 

   When a body is subjected to a gravitational field, then it has a specified 

weight. The weight of the body is represented by a resultant force located at 

the center of gravity of the body. 

                       W = m*g   where  g ᵙ 9.81 m/s2 
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Examples: 

Ex.1: Draw the free-body diagram of the  

          uniform beam shown below. The beam  

          has a mass of 100kg. 

Sol.:  

 

 

 

 

 

 

 

Ex.2: Draw the free-body diagram of the  

          unloaded platform that is suspended off the edge  

          of the oil rig shown. The platform has a mass of  

          200kg. 

Sol.:  
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Ex.3: Tow smooth pipes, each having a mass of 300kg,  

          are supported by the forked tines of the tractor as  

          shown. Draw the free-body diagrams for each pipe                 

          and both pipes together. 

Sol.:  

 

 

 

 

 

 

 

 

Ex.4: Draw the free-body diagram of the member  

          ABC shown.  

Sol.:  
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Ex.5: Draw the free-body diagram of the uniform  

          bar which has a mass of 100kg and a center of  

          mass at G.  

Sol.:  

 

 

 

 

 

 

 

 

 

 

 

Solving the Equilibrium Problems : 

  To find the unknowns in the equilibrium equations, the free-body diagram and the 

equations of equilibrium are used. 
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Examples: 

Ex.1: Determine the horizontal and vertical  

          components on the beam at A and B.  

          Neglect the weight of the beam. 

 

Sol.: 
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Ex.2: The cord shown supports a force of 100 lb and  

          wraps over the frictionless pulley. Determine the  

         tension in the cord at C and the horizontal and  

          vertical components of reaction at pin A. 

Sol.: 
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Ex.3: Determine the tension in the cable and the  

          horizontal and vertical components of reaction at  

         pin A. The pulley at D is frictionless and the  

         cylinder weighs 80 lb. 

Sol.: 

Ex.4: For the upper portion of the crane boom,  

          determine the tension in the cable T, the  

          tension in the cable BC, and the forces at  

           pin A. 

Sol.: 
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The Resultant 0f the Distributed Loadings: 

   The body may be subjected to distributed loadings such as those caused by wind, 

fluids, or weight of material over the body’s surface. 

 

(1) Uniform Loadings: 

The magnitude of the resultant is R = W*L 

(area under load). The location of R passes 

through the centroid of the rectangle (middle) 

For example : W=5kN/m 

                          L = 6m 

                          R = 5*6= 30 kN at 3m from A 

 

 

(2) Triangl loading: 

R = W*L/2 at a distance of one third the length of  

                triangle measured from the right side. 

For example : W=5kN/m 

                          L = 6m 

                          R = 5*6/2= 15 kN at 2m from B 
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Examples: 

Ex.1: Determine the reaction  

           at A and B.  

 

 

 

 

 

 

Sol.: 
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Ex.2: Determine the reactions at the base A for the column shown in the figure    

          below. The mass of the col. Is 800kg.  

 

 

 

 

 

 

 

Sol.: 
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Ex.3: Determine the reactions at the  

          beam. 

 

Sol.: 
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SIMPLE TRUSSES 

A truss is a structure composed of slender members joined together at their end 

points. The members commonly used consist of wooden struts  or metal bars. The 

joint connections are usually formed by bolting or welding the ends of members to 

a common plate called a gusset plate, or by simply passing a large bolt or pin 

through each of the members. 

 

 

 

 

 

 

Planar Trusses: 

Planar trusses lie in a single plane and are used to support roofs and bridges. 
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Assumptions for design: 

1. All loadings are applied at the joints. 

2. The members are joined together by smooth pins. 

  Because of these two assumptions, the forces at the ends of the members must be 

directed along the axis of the member, it is a tensile force (T), whereas if it tends to 

shorten the member, it is a compressive force (C). 

 

 

 

 

 

Analysis of a truss: 

   The analysis means finding the reactions and the forces in the truss members. 

There are two methods to find the forces in the members of the truss: 

 

(1) The Joints method.     (2) The Sections method. 

 

(1) The Method of Joints: 

   In this method, the F.B.D. of each joint is drawn. Then the equilibrium equations 

Ƹ Fx=0 and Ƹ Fy=0 are applied ( The equilibrium equation ƸM=0 is satisfied since 

the forces in each joint are concurrent). If the sense of direction of force in the 

member is unknown, assume the force is tension (T). Notice that the tension force 

pulling on the joint while the compression force pushing 0n the joint. 
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Procedure for Analysis: 

 

1. Neglect the weight of all members. 

 

2. Draw free-body diagram of a joint have at least one unknown force and 

          at most two unknown member forces. 

 

3. If the sense of direction of force in the member is unknown, assume the 

force is tension (T). 

 

4. Apply Ƹ Fx=0 and Ƹ Fy=0 to find the tow unknown member forces. 

 

 

5. Repeat steps (2) to (4) for the other joints. 

 

Note: 

   Orient x & y axes such that the forces in F.B.D. can be easily resolved. 

 

 

 

 

 

 



46 

 

Examples:(Joint Method) 

Ex.1: Determine the force in each member of the truss  

          shown and indicate whether the members are in  

          tension or compression.  

Sol.: 
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Ex.2: Determine the force in each member  

          of the truss and state if the members  

           are in tension or compression. Set  

            P1 = 800lb and P2 = 400lb. 

 

Sol.: 
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Zero-Force Members: 

   The zero force members are used to increase the stability of the truss during 

construction and to provide support if the applied loading is changed. The zero-

force member can be determined by inspection. In general, there are two cases: 

1. If only two members form a truss joint and no external load or support 

reaction is applied to the joint, these two members are zero-force members. 

2. If three members form a truss joint for which two of the members are 

collinear and no external load or support reaction is applied to the joint, the 

third member is zero-force member. 
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Ex.3: Using the method of joints,    

         determine all the zero-force  

         members of the truss shown.. 

 

 

 

Sol.: 
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(2) The Method of Sections: 

 

  This method is based on the principle that if a body is in equilibrium, then any 

part of the body is also in equilibrium. 

The method of sections involves cutting the truss into two portions by passing an 

imaginary section through the members whose forces are desired. 

Then the equilibrium equations (Ƹ Fx=0, Ƹ Fy=0 and Ƹ m=0) are applied to the 

isolated part of the truss. 

 

Procedure for analysis: 

 

1. Select a section that passes through members whose forces are desired, but 

generally not more than three members with unknown forces. 

 

2. Draw free body diagram of the part of truss which has the least member of 

forces acting on it. 

 

 

3. Apply the equilibrium equations to find the unknowns. 
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Examples: 

 

Ex.1: Determine the force in members BC,  

          HC, and HG of the bridge truss shown,  

         and indicate whether the members are in  

         tension or compression. 

 

Sol.: 
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Ex.2: Determine the force in members GF,  

          CF, and CD of the roof truss shown,  

         and indicate whether the members are in  

         tension or compression. 

 

Sol.: 
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Ex.3: Determine the force in members BG,  

          HG, and BC of the truss shown, and   

          indicate whether the members are in  

         tension or compression. 

 

Sol.: 
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Ex.4: Determine the force in members KJ,  

          NJ, and CD of the K truss shown, and   

          indicate whether the members are in  

         tension or compression. 

 

Sol.: 
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Ex.5: Determine the force in members EB of the  

          roof truss shown, and indicate whether the  

          members are in tension or compression. 

 

Sol.: 

 

 

 

 

 

 

 

 

 

 



56 

 

 

Frames and Machines 

   Frames and machines are two common types of structure which are composed of 

pin-connected multiforce members. Frames are used to support loads, whereas 

machines contain moving parts and are designed to transmit and alter the forces.To 

determine the forces acting at the joints and supports of a frame or machine, the 

structure must be disassembled and free body diagram of its parts must be drawn. 

When free body diagram is drawn for each of connected members, the forces at 

pin-connection must be equal and opposite for each member. 

 

Ex.1: For the frame shown, draw the free-body diagram of  

           (a) each member, (b) the pin at B, and (c) the two  

           members connected together. 

 

Sol.: 

(a)                                                     (b) 

 

 

 

 

 

(c) 
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Ex.2: Draw the free-body diagrams of the frame and    

          the cylinder. The suspended block has a weight  

           of W. 

Sol.: 

 

 

 

 

 

 

Procedure for Analysis: 

 

1. Draw free-body diagram of the entire structure, a portion of the structure, or 

each of the members. The choice should be made so that it leads to the most 

direct solution. 

 

 

2. Apply the equations of equilibrium for the entire structure or a portion of 

structure to find unknowns. 
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Ex.1: Determine the horizontal and vertical components of  

          force which the pin at C exerts on member BC of the  

          frame shown. 

Sol.: 

Method (1): 

 

 

 

 

Method (2): 
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Ex.2: Determine the force P needed to support the 20-Kg  

         mass. Also, what are the reactions at the supporting  

         hooks A, B, and C? 

Sol.: 
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Ex.3: Determine the reactions at supports. Neglect  

          the thickness of the beam. 

 

Sol.: 
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Ex.4: Determine the horizontal and vertical                                     

          components of force which the pins exert on  

           member ABC. 

 

Sol.: 
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Ex.5: Determine the resultant force at pins B and C on  

          member ABC of the frame shown. 

 

Sol.: 
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Ex.6: Determine the horizontal and  

          vertical components of force that  

          pins A and B exert on the frame  

          shown. Set F = 500 N. 

 

 

Sol.: 
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Ex.7: Determine the horizontal and  

          vertical components of reaction at the   

          pins A and D. Also, what is the force  

          in the cable at the winch W? 

 

 

 

Sol.: 
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Ex.8: The engine hoist is used to support the  

          200-kg engine. Determine the force  

          acting in the hydraulic cylinder AB, the   

          horizontal and vertical components of  

          force at the pin C, and the reactions at  

          the fixed support D. 

 

Sol.: 
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CENTROID 

   The centroid is a point which defines the geometric center of an object. The lines, 

areas, and volumes all have centroids. We will study the centroids of areas and 

lines in plane. 

Centroid of a line in a plane: 

   The centroid C represents the center of a homogenous wire 

of length L and is specified by the distances ͞x &ӯ, where: 

͞x : horizontal distance from the centroid to the y-axis, 

ӯ: vertical distance from the centroid to the x-axis. 

If the length L is subdivided into differential elements dl, then 

the moments of these elements about an axis is equal to the 

moment of total length about the same axis.  

L. ͞x =Ƹ x᷃.dl   ⇒   ͞x = 
Ƹ x᷃.dl

𝐿
 

L. ӯ = Ƹ ỹ.dl ⇒   ӯ = 
Ƹ ỹ.dl

𝐿
 

In integral form : ͞x = 
∫  x᷃.dl

𝐿
  , ӯ = 

 ∫ ỹ.dl

𝐿
   

Centroid of Area: 
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Symmetry : 

   When the shape has an axis of symmetry, the centroid of the shape will lie along 

that axis. When the shape has two or more than two axes, the centroid lies at the 

intersection of the axes. 

 

 

 

 

 

 

 

Examples: 

Ex.1: Determine the distance ͞y measured from the x- 

          axis to the centroid of the area of the triangle     

          shown. 

Sol.:  
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Ex.2: Locate the centroid of the area shown. 

Sol.:  
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Ex.3: Locate the centroid x͞ of the shaded area shown. 

 

Sol.:  
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Centroid of composite areas: 

  

 The centroid of composite areas can be found using the relations: 

 

                                  

 

 

Where: 

x,y: centroids of each composite part of the area. 

ƸA: sum of the areas of all parts (total areas). 

͞x,͞y: centroids of the total area. 

 

Centroids for common shapes of areas are given in the table below: 
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Centroids of Plane Areas 
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Ex.1: Locate the centroid of the area shown. 
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Ex.2: Using the method of composite areas, determine the  

          location of the centroid of the shaded area shown in  

          figure below. 

 

 

 

 Sol.: 
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Ex.3: Using the method of composite areas, determine       

          the location of the centroid y͞of the shaded area  

          shown in figure below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Sol.: 
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Ex.4: The gravity wall is made of concrete.  

          Determine the location (x, y) of the   

           center of mass G for the wall. 

 

 

 

 

Sol.: 

 

 

 

 

 

 

 

 

 

 



76 

 

THE MOMENT OF INERTIAFOR AREA 

  

 The inertia is the resistance of any object to a change. 

The moment of inertia is a measure of an object’s resistance to changes its rotation. 

The moment of inertia for an area is important property in analysis and design of 

structural members. 

The centroid represents the moment of area (∫ 𝑥𝑑𝐴 ), while the moment  

 

of area represents the second moment of area (           ). 

Consider the figure:  

The moment of inertia of the area about x & y axes are: 

 

 

 

 

 

 

 

The polar moment of inertia Jo is: 

 

 

 

 

 

 

 

 

 

The moment of inertia is alawys positive ( product of distance squered and area), 

and the units are length raised to the fourth power e.g. m4, mm4,…. 

 

 

 

 

 

 

 

 

 

 



77 

 

Parallel Axis Theorem for an Area: 

   

  This theorem is used to find the moment of inertia 

about an axis parallel to the axis passing through the 

centroid. 

This theorem says: 

 

 

 

 

 

 

 

 

 

 

Radius of Gyration of an Area: 

   

The redius of gyration is often used in design of columns. The formulas are: 
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Moment of Inertia By Integration: 

 

EX.1: Determine the moment of inertia for the  

           rectangular shown with respect to (a) the  

          centroidal x´ axis, (b) the axis xb passing through  

          the base of the rectangle, and (c) the z´ axis  

          perpendicular to the x´-y´ plane and passing  

          through the centroid C. 

 

Sol.: 

 

 

 

(a) 

 

 

 

 

 

 

(b) 

 

 

 

 

 

 

 

 

 

(c) 
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EX.2: Determine the moment of inertia of the shaded area shown about the x axis. 

 

Sol.: 

 

Case (1): 

 

 

Case (2): 
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EX.3: Determine the moment of inertia with respect to the x axis for the circular  

           area shown. 

 

Sol.: 

 

Case (1): 

 

 

 

 

 

 

 

 

 

 

 

 

Case (2): 
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Moment of Inertia for Composite Areas: 

 

 

 

    The following procedures provides a method for determing the moment of 

inertia of a composite areas about a reference axis. 

 

 

1. Divide the area into its composite parts and indicate the perpendicular 

distance from the centroid of each part to the reference axis. 

 

 

 

2. Find the moment of inertia of each part about its centroidal axis ( use the 

table of moment of inertia). If the centroidal axis does not coincide with the 

reference axis; use the parallel axis theorem I = ͞I + Ad2 . 

 

 

3. The moment of inertia of the total area about the reference axis is determing 

by summing the results of parts. 

 

 

 

 

 

The table below shows the moment of inertia for more common shapes : 
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Ex.1: Determine the moment of inertia of the area shown about the x axis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sol.: 
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Ex.2: Determine the moment of inertia of the beam cross section about the x axis.  

 

 

Sol.: 
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Ex.3: Determine Iy and Ky of the shaded area shown.  

 

Sol.: 
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Ex.4: For the area shown in Fig. (a), calculate the radii of gyration about the  

         x- and y-axes. 

 

Sol.: 
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Ex.5: Determine the moments of inertia of the shaded area about the x and  

          y axes. 

 

Sol.: 
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Ex.6: Determine the moments of inertia of the shaded area about the ͞x  

         axis. Each segment has a thickness of 10mm,͞y=53mm from top. 

 

Sol.: 
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Ex.7: Determine the radius of gyration Kx for the column’s cross-sectional       

         area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sol.: 
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FRICTION 
 

    

 

 When a body slides or tend to slide on another body the force tangent to the 

contact surface which resists the motion, or the tendency toward motion, of one 

body relative to the other is defined as friction. 

 

When two bodies are in contact and assumed to be smooth, the reaction of one 

body on the other is a force normal to the contact surface. In actual practice the 

contact surface is not smooth, and the reaction is resolved into two components, 

one perpendicular and the other tangent to the contact surface. The component 

tangent to the surface is called frictional force or the friction. When one body 

moves relative to another body, the resistance force between the bodies tangent to 

the contact surface is called kinetic friction.  

 

The static frictional force is the minimum force required to maintain equilibrium or 

prevent relative motion between the bodies. The kinetic friction varies somewhat 

with the velocity. The variation of the frictional force versus the applied load on 

the body is shown in the figure below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Here, we will study the static friction. 
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Coefficient of Friction: 

  The coefficient of static friction μ is the ratio of the maximum static frictional 

force Fs to the normal force N, or  

                                                       μ = 
Fs

𝑁
 

The coefficient of static friction is experimentally determined, and depends on the 

materials from which the contact bodies are made. The table below show the 

values of coefficient of static friction obtained by experiments on dry surface: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Angle of Friction: 

 

  The angle ø which R makes with n is defined as the angle of friction.  
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EX.1: The uniform crate shown has a mass of  

           20kg. if a force  P = 80N is applied to the  

           crate, determine if it remains in  

           equilibrium. The coefficient of static  

           friction is μs = 0.3. 

 

 

 

Sol.: 
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Ex.2: Determine the static coefficient of friction between a block shown and the  

          surface. 

 

 

 

 

 

 

 

 

 

 

 

Sol.: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The block will slip before it can tip. 
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Ex.3: Beam AB is subjected to a uniform load of  

          200N/m and is supported at B by post BC as  

          shown. If the coefficients of static friction at  

          B and C are μB = 0.2 and μC = 0.5,  

         determine the force P needed to pull the post  

         out from under the beam. Neglect the weight  

         of the members and the thickness of the  

         beam. 

 

Sol.:  
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Ex.4: A 35-kg disk rests on an inclined  

          surface for which μs = 0.2. Determine  

          the maximum vertical force P that  

          may be applied to link AB without  

          causing the disk to slip at C. 

 

 

 

Sol.:  
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Wedges: 

 

 

 

   A wedge is a simple machine which is often used to transform an applied force 

into much larger forces, directed approximately at right angles to the applied force. 

Also wedges can be used to give small displacement or adjustments to heavy loads. 

 

 

Notes: 

 

 Weight of wedge is neglected. 

 

 

 The location of N is not important since neither block or wedge will tip. 
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EX.1: The beam is adjusted to the horizontal position by means of a wedge located  

           at its right support. If the coefficient of static friction between the wedge  

           and the two surfaces of contact is μs = 0.25, determine the horizontal force P  

           required to push the wedge forward. Neglect the weight and size of the  

           wedge and the thickness of the beam. 

 

 

 

 

 

 

 

 

 

Sol.: 
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EX.2:  If the beam AD is loaded as shown, determine the horizontal force P  

           which must be applied to the wedge in order to remove it from under the 

beam. The coefficient of static friction at the wedge’s top and bottom surfaces are 

μCA = 0.25 and μCB = 0.35, respectively. Neglect the weight and size of the wedge 

and the thickness of the beam. 

Sol.: 
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