
Lecture A4 (part ii)

 INTRODUCTION TO MOMENTS, COUPLES & RESULTANT FORCES

 CROSS PRODUCT

 TRIPLE SCALAR PRODUCT

 INTERNAL & EXTERNAL FORCES
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CEE 2219 – STATICS & INTRODUCTION TO 
MECHANICS OF MATERIALS



0
7

/0
4

/2
0

2
1

J
Q

L
2LECTURE OBJECTIVES

To discuss the concept of the moment of a force and show

how to calculate it in 2D & 3D.

To provide a method for finding the moment of a force

about a specified axis.

To define the moment of a couple.

To show how to find the resultant effect of a non-

concurrent force system.



CHAPTER INTRODUCTION

 In this lecture you will learn how the forces can be replaced with a simpler 

equivalent system:

 moment of a force about a point

 moment of a force about an axis

 moment due to a couple

 Note that the determination of these quantities (M) involves the
computation of vector products and [scalar products] of two vectors,
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MOMENT OF A FORCE

Varignon’s Theorem (Principles of Moments)

 It states that the moment of a force about a point is

equal to the sum of the moments of the components of

the force about the point

 Or the moment about a give point O of the resultant of

several concurrent forces is equal to the sum of the

moments of the various moments about the same point O

 This theorem can be proven easily using the vector

cross product since the cross product obeys the

distributive law:

 MO = r x F = r x (F1 + F2.....) = r x F1 + r x F2 + ............
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MOMENT OF A FORCE

Example 4.8

Question

 Determine the moment of the force in Fig. 4–

18a about point O.

 Three different type of solutions are available!
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MOMENT OF A FORCE

Example 4.8

Solution

 Determine the moment of the force in Fig. 4–

18a about point O.

 Three different type of solutions are available!
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MOMENT OF A FORCE

ABOUT A SPECIFIED AXIS
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Triple Scalar Product



MOMENT OF A FORCE

ABOUT A SPECIFIED AXIS

Example 4.9
Question

 Determine the moment of the force in Fig. 4–

18a about point O.

 Three different type of solutions are available!
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MOMENT OF A FORCE

ABOUT A SPECIFIED AXIS

Example 4.9
Solution
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MOMENT OF A FORCE

ABOUT A SPECIFIED AXIS

Example 4.9
Solution
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MOMENT OF A FORCE

ABOUT A SPECIFIED AXIS

Example 4.9
Solution
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MOMENT OF A COUPLE

 A couple is defined as two parallel forces that have the same

magnitude, but opposite directions, and are separated by a

perpendicular distance d.

 Since the resultant force is zero, the only effect of a couple is

to produce an actual rotation, or if no movement is possible,

there is a tendency of rotation in a specified direction

 The couple moment determined about O is therefore:

M = rA x F + rB x -F = (rA - rB) x F

 However rA - rB = r, so that M = r x F
07/04/2021JQL

12



MOMENT OF A 

COUPLE

 Scalar formulation M = Fd

 Vector formulation M = r * F

 Resultant Couple Moment. Since couple moments are

vectors, their resultant can be determined by vector addition.

 Equivalent Couples. If two couples produce a moment with

the same magnitude and direction, then these two couples are

equivalent.
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MOMENT OF A COUPLE

Representing Couple Moment as Vector

 A couple can be represented by a vector with magnitude and direction equal to the 

moment of the couple.

 Couple moment vectors obey the law of addition of vectors.

 Couple moment vectors are free vectors, i.e., the point of application is not 

significant

 Couple  moment vectors may be resolved into component vectors x, y & z
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MOMENT OF A COUPLE

Resolution of a Force Into a Force at O and a Couple

 Force vector F can simply be moved to O by modifying its action on the body if not

along the line of action
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 Attaching equal and opposite

force vectors at O produces no

net effect on the body

 The three forces may be replaced

by an equivalent force vector and

couple vector, i.e, a force-couple

system



MOMENT OF A COUPLE

Resolution of a Force and a Couple System into Equivalent 

Resultant Force and Couple Moments

 A system of several forces and couple moments acting on a body can be reduced to

an equivalent single resultant force acting at a point O and a resultant couple moment

by applying the following eqns:
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MOMENT OF A COUPLE

Example 4.10

Question

 Determine the moment of the

force in Fig. 4–18a about point

O.

 Three different type of

solutions are available!
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MOMENT OF A COUPLE

Example 4.11

Question

 Determine the couple moment acting on the pipe shown in Fig. Segment AB is

directed 30° below the x–y plane.

 4 ways of solving this problem!
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MOMENT OF A COUPLE

Example 4.11
Solution

4 different solutions!
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MOMENT OF A COUPLE

Example 4.12

Question

 Replace the two couples acting on the pipe column in Fig. by a resultant couple

moment

 2 ways of solving this problem!
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MOMENT OF A COUPLE

Example 4.12

Solution
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MOMENT OF A COUPLE

Example 4.13

Question

 Replace the force and couple system acting on the member in Fig. 4–38a by an

equivalent resultant force and couple moment acting at point O.

 In Cartesian notation or as a vector

 2 ways of solving this problem!
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MOMENT OF A COUPLE

Example 4.13

Solution
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MOMENT OF A COUPLE

Example 4.14

Question for Critical Visual & Analysis

 The structural member is subjected to a couple

moment M and forces F1 and F2 in Fig. 4–39a.

Replace this system by an equivalent resultant force

and couple moment acting at its base, point O.
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MOMENT OF A COUPLE

Example 4.14
Solution
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MOMENT OF A COUPLE

HOME WORK EXERCISE

4-4, 4-12, 4-29, 4-34, 4-36, 4-38, 4-43, 4-46, 4-48, 4-50, 4-51, 4-54, 4-56,

4-58, 4-66, 4-69, 4-72, 4-80, 4-83, 4-96, 4-97, 4-102, 4-108, 4-115 & 4-134.
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