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• Engineering Mechanics: is that branch of the physical sciences 

study the behavior of bodies subjected to the action of forces.  

• The aim: study the effects of the forces on bodies statics and 

dynamics states, and also study the stresses and strain occurs due 

to the loads.  

• The subject of mechanics is divided into two parts: 

1. Static: the study of objects in equilibrium (objects either at rest 

or moving with constant velocity.  

2.   Dynamic:  the study of objects with accelerated motion 
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Fundamental Concept 

Basic Quantities. The following four quantities are used throughout  

mechanics. 

 

 

Length 

 is defined, one can then use it to define distances and geometric  

 

Time 

Time is conceived as a succession of events. Although the principles of 

statics are time independent, this quantity plays an important role in the 

study of dynamics. 
 

Mass. 

Mass is a measure of a quantity of matter that is used to compare the 

action of one body with that of another. This property manifests itself as 

Particles: a particle has a mass but a size can 

be neglect (the geometry of body is ignored). A 

particle is often represented by point in space. 

  

Rigid body: a rigid body has a mass and a 

size (shape) but it is assumed that any 

changes in shape can be neglected 
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a gravitational attraction between two bodies and provides a measure of 

the resistance of matter to a change in velocity. 

Force 

force is considered as a “push” or “pull” exerted by one body on another. 

This interaction can occur when there is direct contact between the 

bodies, such as a person pushing on a wall, or it can occur through a 

distance when the bodies are physically separated. 

 

scalar: quantity is one which has only a magnitude, such as mass, 

volume, etc. 

Vector: quantity is one which involves both magnitude and direction so 

that it can be represented by a directed line segment, such as force, 

velocity and acceleration. 

 

Basic units 

a- International System units (SI) 

1- Length (m) 

2- Time (sec) 

3- Mass (kg) 
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• Velocity (V) = distance change (length)/ time= m/s 
• Acceleration (a) = change in velocity/time= (m/s)/s=m/𝑠2 
• Force = mass (m)* acceleration (a) =kg*m/𝑠2= Newton(N) 

 

  

b- US customary units 

1- Length – Foot (ft.). 

2- Mass- (slug = (Ib. 𝑠2)/ft). 

 3- Time- Second (s). 

4- Force- Pound (Ib). 

Notes: 

1 ft. = 0.3048m. 

1 slug = 14.593 kg.  

1 pound = 4.4482N. 

 

Force polygon 

Polygon Law of Forces If a number of forces acting on a point be 

represented by the sides of a polygon taken in order then their resultant 

is obtained by the closing side of the polygon taken in opposite order. 

The magnitude of the Resultant may be measured if drawn to scale or 

may also be calculated  
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analytical method 

 

 

Graphical method 
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Force Analysis 

For analysis inclined forces we need: 

1- Slope  

2- Angle of slope 

                                         
 

 

 

 

 

 

Example 1 / for the figure (1) shown, find Fx and Fy? 

Ans. 

𝐹𝑥 = 𝐹 ∗ 𝑐𝑜𝑠𝜃  

=  130 ∗  𝑐𝑜𝑠 30° =  112.5 𝑁 

𝐹𝑦 = 𝐹 ∗ 𝑠𝑖𝑛𝜃 

= 130 ∗ sin 30° = 65 𝑁 

 

𝐹𝑥 = 𝐹 ∗ 𝑐𝑜𝑠𝜃 

𝐹𝑦 = 𝐹 ∗ 𝑠𝑖𝑛𝜃 

 

𝐹𝑥 = 𝐹 ∗ (
4

5
) 

𝐹𝑦 = 𝐹 ∗ (
3

5
) 

 

Figure (1) 
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Example 2 / for the figure (2) shown, find Fx and Fy? 

 Ans. 

𝐹𝑥 = 200 ∗ (
12

13
) = 184 ∙ 6 𝑁 

𝐹𝑦 = 200 ∗ (
5

13
) = 76 ∙ 9 𝑁 

 

 

 

 

Example 3 / for the figure (3) shown, find Fx and Fy? 

Ans. 

𝐹𝑥 = 130 ∗ (
15

17
) = 114 ∙ 7 𝑁 

𝐹𝑦 = 200 ∗ (
8

17
) = 94 ∙ 1 𝑁 

 

 

 

 

 

 

 

 

 

 

 

Figure (2) 
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Once these components are determined, they may be sketched along the x 

and y axes with their proper sense of direction, and the resultant force can be 

determined from vector addition, as shown in Fig. 2–17c. From this sketch, the 

magnitude of FR is then found from the Pythagorean theorem; that is 

 

 

 

 

Also, the angle u, which specifies the 

direction of the resultant force, is 

determined from trigonometry: 
 

 
 

Example 4 / for the figure (3) shown, find Fx and Fy 

 

Fx = −F cos α = −(800 N) cos 35° = −655 N 

Fy = +F sin α = +(800 N) sin 35° = +459 N 
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Resultant of concurrent  

Resultant: - is a single force has the same effect of the original forces on the 

body. The resultant of two concurrent forces, ex. (F1&F2) can be determined 

by means of the parallelogram law. 

 

 

 

 

 

 

 

Tringle rule  

special case of the parallelogram law, if the two vectors A and B are collinear, 

i.e., both have the same line of action, the parallelogram law reduces to an 

algebraic or scalar addition R = A + B. 

 

 

 

 

 

 

 

 

Figure 1 

Figure 2 
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Example 4 / for the figure (4) shown, use sine law to find value of 𝜽, and 

use cosine law to find value of C? 

Ans. 

sin 70

100
 =  

sin θ

20
 

sin θ =  
20 𝑠𝑖𝑛 70

100
= 0 ∙ 1879 

θ =  𝑠𝑖𝑛−1 (0 ∙ 1874) = 10 ∙ 89°  

𝛼 = 180 − (70 + 10 ∙ 89) = 99 ∙ 11° 

According to cosine law: 

C = √1002  + 202  − 2 ∗ 100 ∗ 20 ∗ COS 99 ∙ 11     

c = 105 ∙ 03 𝑐𝑚     

 

Example 5 / for the figure (5) shown, use sine law to find value of 𝜽? 

 

 

 

 

 

Figure 4 

Figure 5 

Figure 3 
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Coplanar force system 

forces that all lie in the same plane. to determine the resultant of several 

coplanar forces, each force is first resolved into its x and y components, and 

then using algebraic sum of the x and y components of all the forces. 

                 

the positive directions of components along the x and y axes indicating with 

symbolic arrows, we have: 

 

So that:  

 
 

the resultant force can be determined from the Pythagorean theorem: 

 

 

 

 

 

the angle 𝜃, which specifies the direction of the resultant force, is determined 

from trigonometry: 
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∑ 𝐹𝑥 =  𝐹1𝑋 + 𝐹2𝑋 =  −100 + 240 = 140 𝑁  

∑ 𝐹𝑦 =  𝐹1𝑦 + 𝐹2𝑦 =  173 − 100 = 73 𝑁  
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moment 

force can tend to rotate a body about an axis. The axis may be any line which 

neither intersects nor is parallel to the line of action of the force. This 

rotational tendency is known as the moment M of the force. 

                   
 

The figure shows a two-dimensional body acted on by a force F in its plane. 

The magnitude of the moment or tendency of the force to rotate the body 

about the axis O-O perpendicular to the plane of the body is proportional both 

to the magnitude of the force and to the moment arm d, which is the 

perpendicular distance from the axis to the line of action of the force, the 

magnitude of the moment is defined as: 

𝑀 = 𝐹 × 𝑑 (𝑁 ∙ 𝑚) 

M= moment 

F= force that cause body to rotate (N). 

d= the arm of the moment which represent the perpendicular distance 

between the line of action of the force and the point of rotating (m). 

direction: Moment directions may be accounted for by using a stated sign 

convention, such as a plus sign (+) for counterclockwise moments and a minus 

sign (-) for clockwise moments, or vice versa. 
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sol. 

Case 1/  

The moment arm to the 600-N force is: 

𝑑 =  4 cos 40 + 2 cos 50 = 4.349 𝑚 

𝑀 = 𝐹 × 𝑑 

= 600 ∗ 4 ∙ 349 = 2609.851 𝑁 ∙ 𝑚 

Case 2/ 

analyze the force to its rectangular components at A: 

𝐹𝑋 = 600 𝐶𝑂𝑆 40° = 459.626 𝑁  

                                 𝐹𝑌 = 600 𝑆𝑖𝑛 40° = 385.672 𝑁  

The total moment becomes: 

𝑀𝑇 = 𝑀1 + 𝑀2 

𝑀1 =  𝐹𝑥 ∗ 𝑑 = 459.626 ∗ 4 = 1838 ∙ 5 

𝑀2 =  𝐹𝑦 ∗ 𝑑 = 385.672 ∗ 2 = 771 ∙ 34 

𝑀𝑇 = 1838 ∙ 5 + 771 ∙ 34 = 2609.844𝑁 ∙ 𝑚 
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sol. 

𝐹𝑋 = 500 𝑠𝑖𝑛 30° = 250 𝑁  

𝐹𝑌 = 500 cos 30° = 433 ∙ 2 𝑁  

𝑀1 =  𝐹𝑥 ∗ 𝑑 = 250 ∗
38

1000
= 9 ∙ 5 𝑁 ∙ 𝑚 

𝑀2 =  𝐹𝑦 ∗ 𝑑 = 433 ∙ 2 ∗
275

1000
= 119 ∙ 13 𝑁 ∙ 𝑚 

𝑀𝑇 = 𝑀1 + 𝑀2 

𝑀𝑇 = 9 ∙ 5 + 119 ∙ 13 = 128 ∙ 63 𝑁 ∙ 𝑚 

 

H.W 
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couple 

The moment produced by two equal, opposite, and noncollinear forces is 

called a couple.  

 

Consider the action of two equal and opposite forces F and -F a distance d 

apart, as shown in Fig. These two forces cannot be combined into a single force 

because their sum in every direction is zero. Their only effect is to produce a 

tendency of rotation. The combined moment of the two forces about an axis 

normal to their plane and passing through any point such as O in their plane is 

the couple M. This couple has a magnitude: 

 

Equivalent couple 

the moment of the couple is not affected if the forces are act with different 

values and parallel lines action. The Figure shows four different configurations 

of the same couple M. In each of the four cases, the couples are equivalent 

and are described by the same free vector which represents the identical 

tendencies to rotate the bodies. 

 

𝑀 = 𝐹 ∙ 𝑑                                                                       𝑀 = 2𝐹 ∙
𝑑

2
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Force-couple system 

Any force F acting on a rigid body can be moved to a point as a force with 

same magnitude and moment of couple about that point. 

 

Example  
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example/ 
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The resultant of a system of forces 

The resultant of a system of forces are the simplest force combination which can replace 

the original forces without altering the external effect on the rigid body to which the 

forces are applied. 

The most common type of force system occurs when the forces all act in a single plane, 

say, the x-y plane, as illustrated by the system of three forces F1, F2, and F3 in Fig. a. We 

obtain the magnitude and direction of the resultant force R by forming the force polygon 

shown in part b of the fig. b. 

                          

 

 

 

 

 

 

 

 

Free Body Diagram 

To apply the equation of equilibrium, we must account for all the known and unknown 

forces (F) which act on the particle. The best way to do this is to think of the particle as 

isolated and “free” from its surroundings. A drawing that shows the particle with all the 

forces that act on it is called a free-body diagram (FBD). 
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Procedure 

➢ analysis all inclined forces in x and y directions. 

➢ if the forces parallel in X-axis find Rx=ƩFx. 

➢ if the forces parallel in y-axis find Ry=ƩFy. 

➢ Find R= 𝑅𝑥2 + 𝑅𝑦2. 

➢ Find θ=tan−1 𝑅𝑦/𝑅𝑥. 

➢ Find location of resultant according to specific point R.d= ƩF*d. 

 

Problem 1  

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

shown.  
 

Solution 1 

Point O is selected as a convenient reference point for 

the force–couple system which is to represent the 

given system 
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Problem 2  

Determine and locate the resultant R of the two forces and one couple acting on the I-

beam 

  

Solution 

 

 

 

 

 

 

 

Problem 3 

A commercial airliner with four jet engines, each producing 90 kN of forward thrust, is in 

a steady, level cruise when engine number 3 suddenly fails. Determine and locate the 

resultant of the three remaining engine thrust vectors. Treat this as a two dimensional 

problem. 
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Problem 4  

If the resultant of the two forces and couple M passes through point O, determine M. 

  

 

 

 

 

 

 

 

Problem 5 

Two integral pulleys are subjected to the belt tensions shown. If the resultant R of these 

forces passes through the center O, determine T and the magnitude of R and the 

counterclockwise angle θ it makes with the x-axis. 
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Problem 6 

The flanged steel cantilever beam with riveted bracket is subjected to the couple and 

two forces shown, and their effect on the design of the attachment at A must be 

determined. Replace the two forces and couple by an equivalent couple .M and 

resultant force R at A. 
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Problem 7  

The gear and attached V-belt pulley are turning counterclockwise and are 

subjected to the tooth load of 1600 N and the 800-N and 450-N tens ions in 

the V-belt. Represent the action of these three forces by a resultant force R 

at O and a couple of magnitude M. Is the unit slowing down or speeding up? 
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Equilibrium: - When the force and the couple are both equal to zero, the 

external forces form a system equivalent to zero, and the rigid body is said to 

be in equilibrium. we defined equilibrium as the condition in which the result 

ant of all forces and moments acting on a body is zero. 
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Example 1/ 

The frame shown supports part of the roof of a small building. Knowing that 

the tension in the cable is 150 kN, determine the reaction at the fixed end E. 
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example 2/ 

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, and the weights of 

all parts are small compared with the load. Find the magnitude of the total force on the 

bearing of pulley C. 
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example 3/ 

Problem 3 The uniform 100-kg I-beam is supported initially by its end roller s on the 

horizontal surface at A and B. By mean s of the cable at C it is desired to elevate end B 

to a position 3 m above end A. Determine the required tension P, the reaction at A, and 

the angle 8 made by the beam with the horizontal in the elevated position 
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example 4/ 

Determine the magnitude T of the tension in the supporting cable and the 

magnitude of the force on the pin at A for the jib crane shown. The beam AB 

is a standard 0.5-m I-beam with a mass of 95 kg per meter of length. 
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example 5/ 

 

 

 

 

 

 



 

9 
 

example 6/ 

The mass center G of the 1400-kg rear-engine car is located as shown 

in the figure. Determine the normal force under each tire when the 

car is in equilibrium. State any assumptions. 
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Friction: - represent as a tangential force between the contacting surface 

which always effect in opposite to the direction of sliding (motion) or sliding 

tendency. Place a block of weight W on a horizontal plane surface (Fig. a). The 

forces acting on the block are its weight W and the reaction of the surface. 

Because the weight has no horizontal component, the reaction of the surface 

also has no horizontal component; the reaction is therefore normal to the 

surface and is represented by N in Fig. a. Now suppose that you apply a 

horizontal force P to the block (Fig. b). If P is small, the block does not move; 

some other horizontal force must therefore exist, which balances P. This other 

force is the static-friction force F, which is actually the resultant of a great 

number of forces acting over the entire surface of contact between the block 

and the plane. 

 

 

 

 

 

Assume that the contacting surfaces have some roughness. 

Static friction 

where μs is a constant called the coefficient of static friction 

Kinetic friction 

where μk is a constant called the coefficient of kinetic friction. 

Angle of static friction 
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Example1/  

Determine the maximum angle θ which the adjustable incline may have with 

the horizontal before the block of mass m begins to slip. The coefficient of 

static friction between the block and the inclined surface is μs 

 
 

 

 

 

 

 

Sol. 
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Example2/  

The movable bracket shown may be placed at any height on the 3-in.-

diameter pipe. If the coefficient of static friction between the pipe and 

bracket is 0.25, determine the minimum distance x at which the load W can 

be supported. Neglect the weight of the bracket. 
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Example3/ 

Determine the range of values which the mass mo may have so that the 100-

kg block shown in the figure will neither start moving up the plane nor slip 

down the plane. The coefficient of static friction for the contact surfaces is 

0.30. 

 
Sol. 
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Example 4/ 

Determine the magnitude and direction of the friction force acting on the 

100-kg block shown if, first, P = 500 N and, second, P = 100 N. The coefficient 

of static friction is 0.20, and the coefficient of kinetic friction is 0.17. The 

forces are applied with the block initially at rest. 

 

 

 

Sol. 
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Example 5/ 

 The 700-N force is applied to the 100-kg block, which is stationary before 

the force is applied. Determine the magnitude and direction of the friction 

force F exerted by the horizontal surface on the block. 

 

Sol. 

 

 



 

8 
 

Example 6/ 

 The two blocks are placed on the incline with the cab le taut. Determine the 

force P required to initiate motion of the 15-kg block if P is applied down the 

incline. 
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Center of Gravity (simple area) 

The Centre of gravity of a body is defined as the point where the whole weight of the body 

is supposed to act. A body supported at its center of gravity remains balanced and it is in 

mechanical equilibrium. 
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Example 3/ Locate the centroid the shaded area 



 

5 
 

Example 4/ Determine the coordinates of the trapezoidal area shown. 
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moment of Inertia 

consider the plate in Fig. 10-1, which is submerged in a fluid and subjected to the pressure 

p. this pressure varies linearly with depth, such that p = 𝛾 𝑦, where γ is the specific weight 

of the fluid. Thus, the force acting on the differential area dA of the plate is dF = p dA = (𝛾 

y)dA. The moment of this force about the x axis is therefore dM = y dF = 𝛾 𝑦2dA,and so 

integrating dM over the entire area of the plate yields M = 𝛾 ∫ 𝑦2 dA. The integral ∫ 𝑦2 dA 

is sometimes referred to as the “second moment” of the area about an axis (the x axis), but 

more often it is called the moment of inertia of the area. The word “inertia” is used here 

since the formulation is similar to the mass moment of inertia, ∫ 𝑦2 dm, 

 

 

 

 

 

 

Moment of Inertia. By definition, the moments of inertia of a differential area dA about 

the x and y axes are dIx = y2 dA and dIy = x2 dA, respectively, Fig. 10–2. For the entire 

area The moments of inertia are determined by 

integration 

 

 

 

 

 
 

we can also formulate this quantity for dA about the “pole” O or z axis, Fig. 10–2. This is 

referred to as the polar moment of inertia. It is defined as dJO = r2 dA, where r is the 

perpendicular distance from the pole (z axis) to the element dA. For the entire area the 

polar moment of inertia is 
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This relation between JO and Ix, Iy is possible since r2 = x2 + y2, Fig. 10–2 

From the above formulations it is seen that Ix, Iy, and JO will always be positive since they 
involve the product of distance squared and area. Furthermore, the units for moment of 
inertia involve length raised to the fourth power, e.g., m4, mm4, or ft4, in4 

 

parallel-axis theorem for an Area 

The parallel-axis theorem can be used to find the moment of inertia of an area about any 
axis that is parallel to an axis passing through the centroid and about which the moment of 
inertia is known. we will consider finding the moment of inertia of the shaded area shown 
in Fig.10–3 about the x axis. To start, we choose a differential element dA located at an 
arbitrary distance y ́ from the centroid x ́ axis. If the distance between the parallel x and x ́ 
 axis is dy, then the moment of inertia of dA about the x axis is dIx = (y ́ + dy) 2 dA for the 
entire area 

  

 

 

 
The first integral represents the moment of inertia of the area about the centroidal axis, 

Ix ́ . The second integral is zero since the x ́ axis passes through the area’s centroid C; i.e., 

∫ 𝑦 ́ dA = y∫ dA = 0 since y ́ = 0. Since the third integral represents the total area A, the final 

result is therefore 
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Example/1 

Determine the moment of inertia for the rectangular area shown in Fig. 10–5 with respect 

to (a) the centroidal x ́ axis, (b) the axis xb passing through the base of the rectangle, and 

(c) the pole or z ́ axis perpendicular to the x ́ - y ́ plane and passing through the centroid 

C. 

SOLUTION 

 (a)  

At the centroidal x ́ axis 

integrate from y ́  = -h/2 to y = h/2. Since dA = b dy ́  then 

 
(b) 

At the centroidal xb axis 

 

(c) 

To obtain the polar moment of inertia about point C, we must first obtain Iy ́, which may 

be found by interchanging the dimension’s b and h in the result of part (a) 

 
the polar moment of inertia about C is 
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Example/2 

Determine the moment of inertia for the triangle of base (b) and altitude (h) with respect 

to (a) an axis coinciding with its base and (b) a centroidal axis parallel to its base. 

Ix = ∫ 𝑦2 𝑑𝐴 

𝑑𝐴 = 𝑋𝑑𝑦 

Ix = ∫ 𝑦2 (𝑋𝑑𝑦) = ∫ 𝑋𝑦2 𝑑𝑦 

From the triangle 

ℎ − 𝑦

𝑥
=

ℎ

𝑏
                                      𝑥 =

𝑏

ℎ
(ℎ − 𝑦) 

Ix =
𝑏

ℎ
∫(ℎ − 𝑦)𝑦2 ∗ 𝑑𝑦 =

𝑏

ℎ
∫(ℎ𝑦2 − 𝑦3) 𝑑𝑦 

Ix =
𝑏

ℎ
{∫ ℎ𝑦2

ℎ

0

𝑑𝑦 − ∫ 𝑦3𝑑𝑦

ℎ

0

} =
𝑏

ℎ
{ℎ ∫ 𝑦2

ℎ

0

𝑑𝑦 − ∫ 𝑦3𝑑𝑦

ℎ

0

} 

Ix =
𝑏

ℎ
{ℎ [

𝑦3

3
]

0

ℎ

− [
𝑦4

4
]

0

ℎ

} =
𝑏

ℎ
{(ℎ

ℎ3

3
− 0) − (

ℎ4

4
− 0)} 

Ix =
𝑏

ℎ
{

ℎ4

3
−

ℎ4

4
} =

𝑏

ℎ
{

4ℎ4 − 3ℎ4

12
} =

𝑏

ℎ
{

ℎ4

12
} 

Ix  =
𝑏ℎ3

12
 

I = I𝐶 + 𝐴𝑑2 

Ix = I𝑥𝑐 + 𝐴𝑑2 

𝑏ℎ3

12
= I𝑥𝑐 +

1

2
𝑏ℎ(ℎ/3)2 

 
𝑏ℎ

3

12
= I𝑥𝑐 +

𝑏ℎ
3

18
 

I𝑥𝑐 =
𝑏ℎ3

12
−

𝑏ℎ3

18
 

I𝑥𝑐 =
3𝑏ℎ3−2𝑏ℎ3

36
                                             I𝑥𝑐 =

𝑏ℎ3

36
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Example/3 

Determine the moment of inertia of the shaded area about the X -axis in two ways. The 

wall thickness is 20 mm on all four sides of the rectangle 

Ix𝑇=Ix1−Ix2 

Ix  = (
𝑏ℎ3

12
)

1

− (
𝑏ℎ3

12
)

2

 

Ix  = (
360 ∗ 2003

12
)

1

− (
320 ∗ 1603

12
)

2

 

Ix  = 130.8 * 106 mm4 

 

Example/4 

Determine the moment of inertia of the area shown in Fig. 10–8a about the x axis. 

 
properties formulae for 

circular and rectangular. 

Circular=  
Rectangular=  
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Example/5 

Determine the moments of inertia of the shaded area about the x - and y -axes 
Ix𝑐𝑜𝑚𝑏𝑖𝑛𝑒=Ix𝑠𝑞𝑢𝑎𝑟−Ix𝑠𝑒𝑚𝑖𝑐𝑖𝑟𝑐𝑙𝑒  

Ix𝑠𝑞𝑢𝑎𝑟=Iy𝑠𝑞𝑢𝑎𝑟
=

𝑏ℎ3

3
=

2𝑎(2𝑎)3

3
=

16𝑎4

3
 

Ix𝑠𝑒𝑚𝑖𝑐𝑖𝑟𝑐𝑙𝑒 =
𝜋𝑟4

8
=

𝜋𝑎4

8
 

Iy𝑠𝑒𝑚𝑖𝑐𝑖𝑟𝑐𝑙𝑒 =
𝜋𝑟4

8
+ 𝐴𝑑2 

                     =
𝜋𝑎4

8
+

𝜋𝑎2

2
(𝑎2) 

                     =
𝜋𝑎4 + 4𝜋𝑎4

8
 

                     =
5𝜋𝑎4

8
 

Ix𝑐𝑜𝑚𝑏𝑖𝑛𝑒 =
16𝑎4

3
−

𝜋𝑎4

8
 

                  =
128𝑎4 − 3𝜋𝑎4

24
 

                  =
128𝑎4 − 3𝜋𝑎4

24
= 4.94𝑎4 

Iy𝑐𝑜𝑚𝑏𝑖𝑛𝑒 =
16𝑎4

3
−

5𝜋𝑎4

8
 

                    =
128𝑎4 − 15𝜋𝑎4

24
= 3.37𝑎4 
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Example/6 

Calculate the moment of inertia of the shaded area about the .x-axis 

Ix  =  I𝑥1 − I𝑥2 

I𝑥1   =
𝑏ℎ3

12
=

100 ∗ 903

12
= 6.08 ∗ 106mm4 

 

Ix2 =
𝜋𝑟4

8
=

𝜋304

8
 

Ix2 = 0.318 106mm4 

Ix  =  6.08 ∗ 106 − 0.318 106 
 

Ix  =  5.76 ∗ 106mm4 

 

 

Example/7 

Determine the moment of inertia of the shaded area about the .x-axis 

I𝑥1   =
𝑏ℎ3

12
 

            =
4𝑎(4𝑎)3

12
=

64𝑎4

3
 

           I𝑥2   =
3𝑎 ∗ (2𝑎)3

12
 

             = 2𝑎4
 

Ix𝑡𝑜𝑡𝑎𝑙= I𝑥1 − I𝑥2 

           =
64𝑎4

12
− 2𝑎4 

  

                =
58𝑎4

3
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Example/8 

Calculate the moment of inertia of the shaded area about the x-axis 

for x=40 mm & y=30 mmm   

x=k𝑦3 

40=k303 

K=
40

27∗103 

Ix =𝑦2𝑑𝐴 = 𝑦2(𝑋2 − 𝑋1)𝑑𝑦 

Ix = 𝑦2(
4

3
𝑦 −

40

27000
𝑦3)𝑑𝑦 

Ix = ∫ (
4

3
𝑦3 −

4

2700
𝑦5)𝑑𝑦

30

0
 

Ix =
4

3
∫ 𝑦3𝑑𝑦 −

4

2700
∫ 𝑦5

30

0
𝑑𝑦

30

0
 

Ix =
4

3
[
𝑦

4

4

]
0

30

−
4

2700
[
𝑦

6

6

]
0

30

 

Ix =
1

3
∗ 304 −

4

2700
∗

30

6

6

 

     =9*104 mm4 

 

 

 

 



    

 

Engineering Mechanics 
First Stage 

Lecture -14-15  
Dynamics type of Motion. Linear 

Motion with constant( Speed & 

acceleration ) 

 

Asst Lect. Hayder Salim 

 

 

 



 

Dynamics  
Dynamics is that branch of mechanics which deals with the motion of particles, lines and 
bodies. So, the dynamics is divided into two parts:  
 
1 – Kinematics: which deals with the motion of the bodies without consideration of the forces 

required to produce the motion including the position, speed, velocity, acceleration … etc.  
2 –Kinetics: which deals with the motion of the bodies with consideration of the forces 

required to produce the motion. 
 

Definition  
Motion: the change of position of one body with respect to another. The rate of change is the 
speed  
Speed: change in distance with respect to time. Speed is a scalar rather than a vector quantity; 
i.e., the speed of a body tells one how fast the body is moving but not the direction of the 
motion.  
Velocity: change in displacement with respect to time. Displacement is the vector counterpart 
of distance, having both magnitude and direction. Velocity is therefore also a vector quantity. 
The magnitude of velocity is known as the speed of a body. 
 

linear motion with constant speed 
Does linear motion have constant speed? 
In uniform linear motion the distance and displacement are equal at every particular time 
interval. Therefore, the speed and velocity at every particular time interval are equal. So we 
can say that in uniform linear motion the speed and velocity are constant 
 
Uniform motion 
 is motion at a constant speed in a straight line. can be described by a few simple equations. 
The distance (S) covered by a body moving with velocity (V) during a time (t) is given by S 
=V.t, If the velocity is changing, either in direction or magnitude, it is called Accelerated 
motion. If (a) is the acceleration, (Vo) the original velocity, and (Vf) the final velocity, then 
the final velocity is given by 
 
distance: 
total length of actual path covered in travelling from intial to final positions  
 
Displacement:  
short distance between initial and final position  
 



 

 
 

 
 
 
 
 
 



Example /1 

 A car travels at a constant 10 m/s. Determine distance after 10 seconds and 60 seconds. 

Solution 

Constant speed 10 meters/second means car travels 10 meters every 1 second. 

𝑣 =
𝑑

𝑡
 

For t=10sec 

𝑑 = 𝑣 ∗ 𝑡=10*10=100 m 

For t= 60 

𝑑 = 𝑣 ∗ 𝑡=10*60=600 m 

 

Example /2 

A car travels along a straight road at constant 72 km/h. Determine the car’s distance after 2 

minutes and 5 minutes. 

Solution 

72 km/h = (72) (1000 meters) / 3600 seconds = 72,000 / 3600 seconds = 20 meters/second. 

The constant speed at 20 meters/second means car travels 20 meters every 1 second. 

After 120 seconds = 2 minutes, car travels 

 𝑑 = 𝑣 ∗ 𝑡 

20 x 120 = 2400 meters= 2.4 km 

After 300 seconds or 5 minutes, car travels 20 x 300 = 6000 meters=6 km. 

 

https://physics.gurumuda.net/distance-and-displacement-problems-and-solutions.htm


Example /3 

A body travels along a straight road for 100 meters in 50 seconds. Determine the speed of 
the body. 

Solution 

𝒗 =
𝒅

𝒕
 

𝒗 =
𝟏𝟎𝟎

𝟓𝟎
= 𝟐 𝒎/𝒔𝒆𝒄 

Example /4 

Cars A and B approach each other on parallel tracks. When the distance between the two cars is 
100 meters, car A moves at a constant speed of 10 m/s, car B moves at a constant speed of 40 
m/s. Determine (a) time interval before car B passing car A (b). the distance of car A before 
passing car B. 
 
 
 

Solution 

dA+ dB = dT  

𝑣𝐴 ∗ 𝑡 + 𝑣𝐵 ∗ 𝑡 =100 

t (10+40) =100 

𝒕 =
𝟏𝟎𝟎

𝟓𝟎
= 𝟐 𝒔𝒆𝒄 

𝑑𝐴 = 𝑣𝑎 ∗ 𝑡 

𝑑𝐴 = 10 ∗ 2 = 20 𝑚/𝑠𝑒𝑐 

𝑑𝑏 = 𝑣𝑏 ∗ 𝑡 

𝑑𝑏 = 40 ∗ 2 = 80 𝒎/𝒔𝒆𝒄 

 

 
 



 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Example /5 

 

  

 

 

 

 



Example /6 
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Example /8 

 

 

 

 

 

 

 

 

 

 

 



Example /9 
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Angular motion 

Angular motion is defined as, the motion of a body about a fixed point or fixed axis. It is 
equal to the angle passed over at the point or axis by a line drawn to the body. 

The simplest angular motion is one in which the body moves along a curved path at a 
constant angular velocity, as when a runner travels along a circular path or an automobile 
rounds a curve. 

An angle at any moment is determined by the angle θ made by its linear position vector r 

with the x-axis. If the particle is at position θ1 at moment t1, then it is at position θ2 at 

moment t2, 

Then we find that it is an angular motion 

 

∆θ = θ1- θ2  

at time 

 ∆t= t2-t1 

And then we know the angular velocity by the 

relationship 

𝜔 =
∆θ

 ∆t
=

θ2 − θ1

𝑡2 − 𝑡1
 

𝜔 = angular velocity      rad/sec 

∆θ=change in angular rotation 

∆t =change in time        sec 

 

 

 

 

 

 

 



 

3 
 

 

 

  Example 8 

The wheels of moving car rotate at 13.5 revolutions per second. What is the angular 
velocity of a point on the wheel that is not on the axis of rotation of the wheel 

1 rev= 2𝜋 rad 

𝜔 =13.5 *2 𝜋=27 𝜋 rad= 84.8 rad/sec  

𝜔 ≈ 85 𝑟𝑎𝑑/𝑠𝑒𝑐 

 

 
 

Example 9 

The radius of a car wheel is 0.25 m/s and its linear velocity Calculate the angular velocity 
of the wheel 

𝜔 =
𝑣

𝑟
 

𝜔 =
25

0.25
= 100 𝑟𝑎𝑑/𝑠𝑒𝑐 
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Example 3 

 

 

 

 

 

 

  



Engineering Mechanics 
First Stage

Lecture -20 
Strength of material, Fundamental 

concepts, Hook’s Law, stress-strain curve 

Asst Lect. Hayder Salim 



Strength of material 

In mechanics of materials, the strength of a material is its ability to withstand an applied 

load without failure or plastic deformation. Strength of materials basically considers the 

relationship between the external loads applied to a material and the resulting deformation 

or change in material dimensions 

Stress: -Every material is elastic in nature That is why whenever some external system of 

farce Some deformation as the body undergoes deformation its molecules set up some 

resistance to deformation This Resistant Per unit area to deformation stress acts body it 

under goes set up Some is known as 

𝑠𝑡𝑟𝑒𝑠𝑠 𝜎 =  
𝑝

𝐴
 

Where  

P: - load or force acting on the body  

A: - cross-section area of the body 

In S.I the unite of stress is Pascal (pa) = 1 N/m2 

Mega Pascal (Mpa) = N/mm2 * 106 

Giga Pascal (Gpa) = KN/mm2 * 109 
 

Classification of Stress 

Generally following engineering stresses are classified in strength of materials studies. 

Type of stress  

1- normal stress                 2- shearing stress             3- bearing stress  

 

Normal Stress 

 When the applied force is perpendicular to cross-section area of the specimen 
(axial load), then the corresponding stress produced in the material is known as 
normal stress. 

  Many times force applied on the surface is not uniform; in that case, we take an 
average of the applied force. 

Normal Stress =  
𝑝

𝐴
 



1- Tensile Stress 

When a section is subjected to two equal and opposite pulls and the body tends to 
increase its length as shown in fig. The stress is induced is called tensile stress the 
corresponding strain is called tensile strain as a result of the tensile strass the cross-section 
area of the body gets reduced 

 

2-Compressive Stress 

When a- section is subjected to two equal opposite pushes and the body tends to shorten its 
length as in fig. the stress induce is called compressive stress. the corresponding strain is 
called compressive strain .as result of the compressive stress, the cross section area of body 
gets increased  

  

 

 

 

Strain 

Strain is the deformation of a material from stress. It is simply a ratio of the change in length 
to the original length. Deformations that are applied perpendicular to the cross section are 
normal strains, Change in length at some instant of the material per unit original length  

   

 

 

 

  

 



Stress- strain curve 

 Plotting of stress to strain gives a considerable number of properties of the 
material in strength of materials study. 

 The stress-strain curve is stress versus strain curve in which strain is on 
independent axis i.e., x-axis and stress is on dependent i.e. y-axis. It is an 
important characteristic of the material. 

 On the load application, two types of deformation occur in the material 
depending upon the strain value, first is elastic deformation and second is 
plastic deformation. 

 
Elastic Deformation 

 Elastic deformation is the deformation in which material regains its original shape on 
the removal of the force. 

 This region has a proportional limit, elastic limit, upper yield point and lower yield 
point. 
 
 



Modulus of Elasticity | Hooke’s Law 

 When this type of deformation occurs, the strain in the metal piece is nearly 
proportional to the stress; therefore, this deformation occurs as a straight line in Stress 
versus strain plot except for some materials like grey cast iron, concrete and many 
polymers. 

 Stress is proportional to the strain through this relationship. 

𝝈 ∝ ∈ 
 This is known as Hooke’s Law, where Y the proportionality constant is known 

as Young’s Modulus or Modulus of Elasticity. It is also denoted by E. It is the slope of 
the stress-strain curve in the elastic limit. It is one of the most important law in the 
studies of strength of material. 
 

Modulus of Elasticity Formula 
 

𝐸 =
𝜎

∈
 

Its value is slightly higher for ceramics than metals and value is slightly lower for 
polymers than metals. Or most structures are required to have deformation only in the 
elastic limit; therefore, this region is quite important. 

Elastic Limit 

 It is the point in the curve up to which material shows elastic behaviour. 
 After this point, plastic deformation in the material begins. 
 Beyond the elastic limit, Stress causes the material to flow or yield. 

yield point phenomenon. 
 Upper Yield Point: It is the point in the graph at which maximum load or Stress 

required to initiate the plastic deformation of the material. 
 Lower Yield Point: It is a point at which minimum Stress or load is required to 

maintain the material’s plastic behavior. 

Ultimate Strength Definition | Ultimate Stress Definition 

 After yielding, as plastic deformation continues, it reaches a maximum limit 
known as ultimate Stress or ultimate strength. 

 It is also known as Ultimate Tensile Strength (UTS) or tensile strength. It is the 
maximum stress that can be sustained by material in tension. 

 All deformation up to this point is uniform, but at this maximum stress, small 
narrowing of material begins to form, this phenomenon is termed as ‘necking’. 

 



Rupture Point | Fracture Point | Breaking Point 

 Stress necessary to continue plastic deformation starts to decrease after ultimate 
strength and eventually breaks the material at a point known as rupture point or 
fracture point. 

 The stress of the material at rupture point is known as ‘rupture strength’. 
 

Deformation of a body due to force acting on it: consider a body is subjected to a tensile stress  

𝜎 =
𝑃

𝐴
          .      𝜖 =

𝜎

𝐸
 =  

𝑃

𝐴𝐸
   

𝑑𝑒𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛                𝛿𝐿 = 𝜖 ∗ 𝐿 =
𝜎𝐿

𝐸
 =  

𝑃𝐿

𝐴𝐸
   

Not 

1-  we can use this equation also for compression is the same as that for tension  

2- same time in calculation the tensile stress and tensile strain are taken as positive where as 
compressive stress and compressive strain as negative   

Plastic Deformation 

 If the applied force is removed in this region, then the material does not regain 
its original shape. 

 The deformation in the material is permanent. 
 In this region, Hooke’s law is not valid. 
 This region has ultimate tensile strength of materials and breaking point. 
 There are some points on the curve around which type of deformation changes. 

These points are very important as they tell us about the limitations and ranges 
of material which are ultimately useful in material’s application. 

 

 

 

 

 

 

 

 



 

 

 

 

 



Stress in the bars of different section  

Sometime a bar is made up of different lengths having different cross section area os shown 
in the figure 

 

In such cases, the stresses, strains and hence changes in lengths for each section is worked 
out separately as usual. The total changes in length is equal to the sum of the changes of all 
the individual lengths. It may be noted that each section is subjected to the same external 
axial pull or push.  

P = Force acting on the body,  

E = Modulus of elasticity for the body,  

l1 = Length of section l 

A1 = Cross-sectional area of section 1,  

I2 A2, = Corresponding values for section 2 and so on. 

We know that the change in length of section 1. 

𝛿𝐿1 =  
𝑃𝐿1

𝐴1𝐸
       .          𝛿𝐿2 =  

𝑃𝐿2

𝐴2𝐸
 .          𝛿𝐿3 =  

𝑃𝐿3

𝐴3𝐸
 

Total deformation of the bar, 

𝛿𝐿 =  𝛿𝐿1 +  𝛿𝐿2 + 𝛿𝐿3 

 

𝛿𝐿 =
𝑃

𝐸
[
𝐿1

𝐴1
+

𝐿2

𝐴2
+

𝐿3

𝐴3
+ ⋯ ] 

Note: sometime the modulus of the elasticity is different for different section in such cases 
the total deformation  

𝛿𝐿 = 𝑃 [
𝐿1

𝐴1𝐸1
+

𝐿2

𝐴2𝐸2
+

𝐿3

𝐴3𝐸3
+ ⋯ ] 

 

 



 

 



 

 



 



Engineering Mechanics 
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Lecture -21 
Shear Stress & Torsional Stress & Thermal 

Stress 

Asst Lect. Hayder Salim 



Shearing Stress  

Forces parallel to the area resisting the force cause shearing stress. It differs to tensile and 
compressive stresses, which are caused by forces perpendicular to the area on which they act. 
Shearing stress is also known as tangential stress. 

𝝉 =
𝑽

𝑨
 

where V is the resultant shearing force which passes which passes through the centroid of the 
area A being sheared. 

 

 

 

 

 

 



Example1/ What force is required to punch a 20-mm-diameter hole in a plate 
that is 25 mm thick? The shear strength is 350 MN/m2. 

Sol. 

 

Example 2: Consider a steel bolt 10 mm in diameter and subjected to an axial 
tensile load of 10 KN as shown. Determine the average shearing stress in the bolt 
head, assuming shearing on a cylindrical surface of the same diameter as the bolt. 

 



 

Example 3/ Find the smallest diameter bolt that can be used in the clevis shown 
in Fig. if P = 400 kN. The shearing strength of the bolt is 300 MPa. 

Sol. 

 

 

Torsion Stress 

Consider a bar to be rigidly attached at one end and twisted at the other end by a torque or 
twisting moment T equivalent to F × d, which is applied perpendicular to the axis of the bar, 
as shown in the figure. Such a bar is said to be in torsion. 

 

 

 

 

 

 

 

 

Torsional Shearing Stress, τ 

For a solid or hollow circular shaft subject to a twisting moment T, the torsional shearing 
stress τ at a distance ρ from the center of the shaft is 

𝝉
𝑻 𝒑

𝑱
 𝒂𝒏𝒅 𝝉𝒎𝒂𝒙 =

𝑻 𝒓

𝑱
 

where J is the polar moment of inertia of the section and r is the outer radius.  



For solid cylindrical shaft: 

𝑱 =
𝝅

𝟑𝟐
 𝑫𝟒 

𝝉𝒎𝒂𝒙  =
𝟏𝟔 𝑻

𝝅 𝑫𝟑
 

 

For hollow cylindrical shaft: 

𝑱 =
𝝅

𝟑𝟐
 (𝑫𝟒 − 𝒅𝟒) 

𝝉𝒎𝒂𝒙  =
𝟏𝟔 𝑻𝑫

𝝅 (𝑫𝟒 − 𝒅𝟒)
 

 

Angle of Twist 

The angle θ through which the bar length L will twist is: 

𝜽 =
𝑻𝑳

𝑱𝑮
       𝑖𝑛 𝑟𝑎𝑑𝑖𝑎𝑛𝑠 

where T is the torque in N·mm, L is the length of shaft in mm, G is shear modulus in MPa, 

J is the polar moment of inertia in mm4, D and d are diameter in mm, and r is the radius in 
mm. 
 

Power Transmitted by The Shaft 

A shaft rotating with a constant angular velocity ω (in radians per second) is being acted by 
a twisting moment T. The power transmitted by the shaft is  

 



Example 4: If a twisting moment of 1 KN.m is impressed upon a 50 mm diameter shaft, what 
is the maximum shearing stress developed? Also what is the angle of twist in a 1 m length of 
the shaft? The material is steel, for which G=85 GPa. 

 

 

 

 

 

 

 

 

 

 

Example 5/A steel shaft 3 ft long that has a diameter of 4 in. is subjected to a torque of 15 
kip·ft. Determine the maximum shearing stress and the angle  of twist. Use G = 12 × 106 psi. 

Sol. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Example 6/A steel propeller shaft is to transmit 4.5 MW at 3 Hz without exceeding a shearing 
stress of 50 MPa or twisting through more than 1° in a length of 26 diameters. Compute the 
proper diameter if G = 83 GPa. 

 

 

 

 

 

 

 

 

 

 



Example 7:  

The gear motor can have developed 0.1 hp when it turns at 80 rev/min. If the 

allowable shear stress for the shaft is allow=4 ksi, determine the smallest 

diameter of the shaft that can be used. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Thermal Stresses: 

 A change in temperature can cause a material to change its dimensions. If the temperature 

increases, generally a material expands, whereas if the temperature decreases the material 

will contract. The deformation of a member having a length L can be calculated using the 

formula: 

 

 

 

Example 8/A steel rod is stretched between two rigid walls and carries a tensile 

load of 5000 N at 20°C. If the allowable stress is not to exceed 130 MPa at -

20°C, what is the minimum diameter of the rod? Assume α = 11.7 μm/(m·°C) 

and E = 200 GPa. 

 



Example 9/: The rigid bar shown is fixed to the top of the three posts made of A-36 steel 

and 2014-T6 aluminum. The posts each have a length of 250 mm when no load is applied 

to the bar, and the temperature is T1=20ºC. Determine the force supported by each posts 

if the bar is subjected to a uniform distributed load of 150 KN/m and the temperature is 

raised to T2=80ºC. For steel =12×10-6 1/ºC, E=200 GPa , for aluminum =23×10-6 1/ºC, 

E=73.1 G 

 

 



Example 10/: Steel railroad reels 10 m long are laid with a clearance of 3 mm at a 

temperature of 15°C. At what temperature will the rails just touch? What stress would be 

induced in the rails at that temperature if there were no initial clearance? Assume α = 11.7 

μm/(m·°C) and E = 200 GPa. 
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Definition of A Beam 

A beam is a bar subject to forces or couples that lie in a plane containing the 
longitudinal of the bar. beams. In regards to beams, if the reaction forces can be 
calculated using equilibrium equations alone, they are statically determinate. On 
the other hand, if the reaction force can't be determined using equilibrium 
equations only, other methods have to be used, and the structure is said to be 
statically indeterminate. 
 

Type of beams 

  

Cantilever beam 

 
Simple supported beam 

 

 

Overhanging beam 

 

 

Propped beam 

 

 

 Fixed or restrained beam  

 

 
Continuous beam 

 



Types of Loading Loads applied to the beam may consist of a concentrated 
load (load applied at a point), uniform load, uniformly varying load, or an 
applied couple or moment. These loads are shown in the following figures. 

 

 

 

 

 

 

 

 

 

Shear force (S.F) &bending moment (B.M) of simple support beam under an 
axial load 

Shearing force and bending moment diagrams show the variation of these 
quantities along the length of a beam for any fixed loading condition. At every 
section in a beam carrying transverse loads there will be resultant forces on either 
side of the section which, for equilibrium, must be equal and opposite. Shearing 
force at the section is defined as the algebraic sum of the forces taken on one side 
of the section. The bending moment is defined as the algebraic sum of the 
moments of the forces about the section, taken on either side of the section. 

 

 

 

 

 

 



Sign Convention: 

Forces upwards to the left of a section or downwards to the right of a section are 
positive. Clockwise moments to the left and counter clockwise to the right are 
positive. 

 

 

Procedure of Analysis: 
The shear and moment diagrams for a beam can be constructed using the 
following procedure: - 

1. Determine all the reactive forces and couple moments acting on the beam, 

and resolve all the forces into components acting perpendicular and parallel 

to the beam's axis. 

2. Specify separate coordinates x having an origin at the beam's left end 

extending to regions of the beam between concentrated forces and/or couple 

moments, or where there is no discontinuity of distributed loading.  

3. Section the beam perpendicular to its axis at each distance x, and draw the 

free body diagram of one of the segments. Be sure V and M are shown acting 

in their positive sense, in accordance with the sign convention given as above. 

4. The shear is obtained by summing forces perpendicular to the beam's axis.  

5. The moment is obtained by summing moment about the sectioned end of the 

segment. 

6. Plot the shear diagram (V versus x) and the moment diagram (M versus x). If 

numerical values of the functions describing V and M are positive, the values 

are plotted above the x-axis, whereas negative values are plotted below the 

axis. 

 

 



Example 1: Draw the shear and moment diagrams for the beam shown below 

 
Fx  0                                       Ax=0  

MC  0  

P×L/2-Ay×L=0                         Ay=P/2 

 Fy  0  

Cy+Ay-P=0                               Cy=P/2 

 



 
 

 

 

 



Example 2: Draw the shear and moment diagrams for the beam shown below. 

 

 

 



 

 

 

 

 



 

 

 

 

 

 



Engineering Mechanics 
First Stage

Lecture -23- 

Shear force (S.F) &bending moment (B.M) of 

simple support beam under uniform 

distributed load 

Shear force (S.F) &bending moment (B.M) of 

cantilever beam under an axial load& 

uniform distributed load 

Asst Lect. Hayder Salim 



Example 1: Draw the shear and moment diagrams for the beam shown below 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 



Example 2: Draw the shear and moment diagrams for the beam shown below 

𝐹 =
1

2
*6*270= 810 lb 

∑ 𝑀𝐶 = 0 

- RA (9) +810(5) =0 

RA=450 lb 

∑ 𝑀𝐴 = 0 

RC (9) +810(4) =0 

RC=360 lb 

Segment AB: 

𝑦

𝑥
=

270

6
 

𝑦 = 45𝑥 

𝑓 =
1

2
(𝑥)(𝑦) 

𝑓 =
1

2
(𝑥)(45𝑥) 

𝑓 = 22.5𝑥2 

∑ 𝑦 = 0 

−𝑉𝐴𝑏 − 22.5 𝑥2 + 450 = 0 

𝑉𝐴𝑏 = 450 − 22.5 𝑥2 

∑ 𝑀𝐴𝐵 = 0 

𝑀𝐴𝐵 + 22.5 𝑥2 (
1

3
𝑥) − 450(𝑥) = 0 

𝑀𝐴𝐵 = 450(𝑥) − 7.5 𝑥3 lb. ft 

 

 



Segment BC: 

−𝑉𝐵𝐶 − 810 + 450 = 0 

𝑉𝐵𝐶 = −360 𝑙𝑏 

∑ 𝑀𝑏𝑐 = 0 

𝑀𝐵𝑐 + 810(𝑋 − 4) − 450(𝑥) = 0 

𝑀𝐵𝑐 = 450(𝑥) − 810(𝑥 − 4) 

         = 3240 − 360𝑥 lb. ft 

 

 

 

 

 



Example 2: Draw the shear and moment diagrams for the beam shown belowe 

𝐹 =
1

2
*6*6= 18 KN 

∑ 𝑦 = 0 

𝑉𝐷 − 18 − 20 = 0 

𝑉𝐷 = 18 + 20 = 38 KN 

∑ 𝑀𝐷 = 0 

MD-20(2)-18(6) =0 

MD=148 KN.m 

Segment AB: 

𝑦

𝑥
=

6

6
 

𝑦 = 𝑥 

𝑓 =
1

2
(𝑥)(𝑦) 

𝑓 =
1

2
𝑥2 

∑ 𝑦 = 0 

−𝑉𝐴𝑏 − 𝑓 = 0 

𝑉𝐴𝑏 = −
1

2
𝑥2 

∑ 𝑀𝐴𝐵 = 0 

𝑀𝐴𝐵 +
1

2
𝑥2 (

1

3
𝑥) = 0 

𝑀𝐴𝐵 = −
1

6
𝑥3 

 



Segment BC: 

−𝑉𝐵𝐶 − 18 = 0 

𝑉𝐵𝐶 = −18 𝐾𝑁 

∑ 𝑀𝐵𝑐 = 0 

𝑀𝐵𝑐 + 18(𝑥 − 4) = 0 

𝑀𝐵𝑐 = −18𝑥 + 72 
 

Segment CD: 

−𝑉𝐶𝐷 − 18 − 20 = 0 

𝑉𝐶𝐷 = −38 𝐾𝑁 

∑ 𝑀𝐶𝐷 = 0 

𝑀𝐶𝐷 + 18(𝑥 − 4) + 20(𝑥 − 8) = 0 

𝑀𝐵𝑐 = −38𝑋 + 232 KN 

 

TO draw the shear diagram 

1- 𝑉𝐴𝑏 = −
1

2
𝑥2 ,   At x=0             𝑉𝐴𝑏 = 0 

                                  At x=6             𝑉𝐴𝑏 = −36 

2-𝑉𝐵𝐶 = −18 𝐾𝑁 

3-𝑉𝐶𝐷 = −38 𝐾𝑁 

TO draw the moment diagram 

1-𝑀𝐴𝐵 = −
1

6
𝑥3 ,at x=0     𝑀𝐴𝐵 = 0 

 at x=6       𝑀𝐴𝐵 = −36𝐾𝑁 

2-𝑀𝐵𝑐 = −18𝑥 + 72  ,    at x=6      𝑀𝐵𝑐 = −36𝐾𝑁 

                                              at x=8      𝑀𝐴𝐵 =

−72𝐾𝑁 

3- 𝑀𝐶𝐷 = −38𝑋 + 232 KN      at x=8      𝑀𝐶𝐷 = −72𝐾𝑁 

                                                   at       x=8      𝑀𝐶𝐷 = −148𝐾 
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