Lecturer: Noor Abbas Engineering Mechanics

Engineering Mechanics Statics

Introduction to Mechanics

Mechanics is a branch of the physical sciences that is concerned with the state
of rest or motion of bodies that are subjected to the action of forces. In general,
this subject can be subdivided into three branches: Rigid-Body Mechanics,
Deformable-Body Mechanics and Fluids Mechanics. We will study Rigid-Body
Mechanics where this branch it is very essential for the design and analysis of
many types of structural members, mechanical components, or electrical

devices encountered in engineering.

Rigid-Body Mechanics is divided into two areas: Static and Dynamics. Statics
deals with the equilibrium of bodies. Dynamics is concerned with the
accelerated motion of bodies. We will study static because we can consider
statics as a special case of dynamics in which the acceleration is zero; however,
statics deserve separate treatment in engineering education since many objects

are designed with intention that they remain in equilibrium.
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Forces

Since mechanics is primarily a study of the effects of forces, it is important to

have a clear understanding of the concept of a force:

A force

= Action of one body on another which changes or tends to change the

motion of the body.

= Required force can move a body in the direction of action, otherwise no

effect. )V/;\ )
el
Forces Analysis 2D: )

Forces Analysis for Two Dimensions: forces are in three shapes: vertical forces,

horizontal forces and diagonal forces when the forces vertical and horizontal
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they should not be analyzed but when the forces are diagonal, they will be
analyzed into horizontal and vertical

forces. Any diagonal force must contain a slope for this force or slope angle of
force. The axis near the angle or slope takes cos 6 and axis far the angle or slope

takes sin 6.

The Resultant of a Force System: is defined to be the simplest system that can
replace the original system without changing its external effect on a rigid body.
When the resultant of a forces system is zero, the body on which the system act

in equilibrium, and the force system is said to be balance.
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Examples:
1. Determine a pair of horizontal and vertical components of the 340 Ib

force as shown in the figure below:

340 Ib
15 oAs 0T
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2. Determine a set of horizontal and vertical components of the 200 Ib
force as shown in the figure below:

200 Ib
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3. Four forces act on bolt A as shown. Determine the resultant of the forces
on the bolt:
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4. Determine the x and y components of each of the forces shown. Then
find the force vector.




Lecturer: Noor Abbas

Engineering Mechanics

5. Determine the resultant and direction for each of the forces shown.

Then find the total resultant.
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Homework

1. Determine the resultant and direction for each of the forces shown. Find
the force vector.
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2. The two structural members, one of which is in tension and the other in
compression, exert the indicated forces on joint O. Determine the

magnitude of the resultant R of the two forces and the angle 8 which R
makes with the positive x-axis.
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3. A steel tank is to be positioned in an excavation. Determine by
trigonometry (a) the magnitude and direction of the smallest force P for
which the resultant R of the two forces applied at A is vertical, (b) the
corresponding magnitude of R.

4. Determine (a) the required tension in cable AC, knowing that the
resultant of the three forces exerted at point C of boom BC must be
directed along BC, (b) the corresponding magnitude of the resultant.




Lecturer: Noor Abbas Engineering Mechanics

5. For the post, determine (a) the required tension in rope AC if the
resultant of the three forces exerted at point C is to be horizontal, (b)
the corresponding magnitude of the resultant.

PO vooen
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6. Knowing that a @ = 75°, determine the resultant of the three forces
shown fig below:
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7. Member BD exerts on member ABC a force P directed along line BD.
Knowing that P must have a 240-lb vertical component, determine (a)
the magnitude of the force P, (b) its horizontal component.

W
B il
7

8. The guy wire BD exerts on the telephone pole ACa force P directed along
BD. Knowing that P must have a 720-N component perpendicular to the
pole AC, determine (a) the magnitude of the force P, (b) its component
along line AC.

10
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9. Member BC exerts on member AC a force P directed along line BC
Knowing that P must have a 325 N horizontal component, determine (a)
the magnitude of the force P, (b) its vertical component.
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1. Determine the resultant and direction for each of the forces shown. Find

the force vector.
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5. For the post, determine (a) the required tension in rope AC if the

resultant of the three forces exerted at point C is to be horizontal, (b)

the corresponding magnitude of the resultant.
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8. The guy wire BD exerts on the telephone pole AC a force P directed along
BD. Knowing that P must have a 720-N component perpendicular to the

pole AC, determine (a) the magnitude of the force P, (b) its component

along line AC.
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Example -1: Determine the tension in cables BA and BC necessary to
support the 60-kg cylinder.

Example -2: If the mass of cylinder C is 40 kg, determine the mass of
cylinder A in order to hold the assembly in the position shown.
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H.W 1: Two cables are tied together at C and loaded as shown. Draw the free-

body diagram needed to determine the tension in AC and BC
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Shatt Al-Arab University First Year

Technical Engineering College Engineering Mechanics

Department of Fuel & Energy Eng. Lec. Shams Kamil

1. Moment of a Force

The moment of a force is the ability of the force 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.

e

The magnitude of the moment is:

M=F.d

Where:
M: The moment of the force (N.m).

d: is the perpendicular distance from the axis moment to the line of action of the

force.

Units: kN.m, N.m (1 kN = 1000 N).
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Note 1: If the force F is applied at an angle 8 # 90° , Figure b, then it will be

difficult to turn the bolt since the moment arm d’ = d sin 0@ will be smaller than d.

Note 2: If F is applied along the wrench, Figure c, its moment arm will be zero since
the line of action of F will intersect point O (the z-axis). As a result, the moment of

F about O is also zero and no turning can occur.

(a) (b) (c)

M=F.d M=F.d'=F.d.sin® M=0

The moment M, about O, or about an axis passing through O and perpendicular

to the plane, is a vector quantity since it has a specified magnitude and direction.
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1.2 Moment’s Direction
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As a convention, we will generally consider positive moment as Clockwise.
Counterclockwise moment will be negative. Doing this, the directional sense of

each moment can be represented by a plus or minus sign.

G
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1.3 Principle of Moments (Resultant Moment)

When determining the moment of a force about a point, it is often convenient
to use the principle of moments, also known as Varignon’s theorem which
indicates that: The moment of a force about a point is equal to the sum of the

moments of its components about that point.

M0=ZF.d

The resultant moment for the figure below is:

(MR)O=ZF.d /i’z& 1
F,
| N
(MR)OZ_Fl.d1+F2.d2_F3.d3 >0/ *
S
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1.4 Examples

Example (1): For each case illustrated in the figure, determine the moment of the

force about point O.
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Example (2): Determine the moment of the force about point O.
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Example (3): Calculate the moment about the base point O of the 600 N force.
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Example (4): The 30 N force P is applied perpendicular to the portion BC of the bent

bar. Determine the moment of P about point A and point B?
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Example (5): Determine the angle @ Which will maximize the

50-1b force about the shaft axis at O. Also compute Mo..

moment M, of the
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Homework:

1. Determine the moment of the force about point O.

2. A crate of mass 80 kg is held in the position shown. Determine (a) the moment
produced by the weight W of the crate about E, (b) the smallest force applied at

B that creates a moment of equal magnitude and opposite sense about E.
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