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Cartesian vector formulation: 

If we establish x, y, z coordinate axes, then the position 

vector � and force � can be expressed as Cartesian vectors 

(Fig 4-12-a) then we can write: 

 

Where ��, ��, �� represent the x, y, z components of the 

position vector drawn from point O to any point on the 

line of action of the force. ��, ��, �� represent the x, y, z 

components of the force vector. If the determinant is 

expanded, then like Eq. 4–4 we have: 

 

Resultant Moment of a system of forces: 

If a body is acted upon by a system of forces                   (Fig 4-13), the resultant 

moment of the forces about point O can be determined by vector addition of the 

moment of each force. This resultant can be written 

symbolically as: 

                     (�� )� = Σ (� × � ) 
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Principle of Moments: 

A concept often used in mechanics is the principle of 

moments, which is sometimes referred to as Varignon’s theorem. 

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. For example, consider the moments of the force F and two 

of its components about point O. Fig. 4–16 . Since F = F1 + F2 we 

have: 

MO = r x F = r x (F1 + F2) = r x F1 + r x F2 

For two-dimensional problems, Fig. 4–17 , we can 

use the principle of  moments by resolving the force 

into its rectangular components and then determine the 

moment using a scalar analysis. Thus,  

MO = Fxy - Fyx 

This method is generally easier than finding the same 

moment using  MO = Fd.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



UNIVERSITY OF ANBAR 

COLLEGE OF ENGINEERING  

DAM & WATER RESOURCES DEPT. 

 

 

      

      

Engineering Mechanics - STATICS 

  Prepared by: Ass. Prof.  Dr. Ayad A. Sulaibi 

 
77 

 

 

 

 



UNIVERSITY OF ANBAR 

COLLEGE OF ENGINEERING  

DAM & WATER RESOURCES DEPT. 

 

 

      

      

Engineering Mechanics - STATICS 

  Prepared by: Ass. Prof.  Dr. Ayad A. Sulaibi 

 
78 

 

 

 

 



UNIVERSITY OF ANBAR 

COLLEGE OF ENGINEERING  

DAM & WATER RESOURCES DEPT. 

 

 

      

      

Engineering Mechanics - STATICS 

  Prepared by: Ass. Prof.  Dr. Ayad A. Sulaibi 

 
79 

 

 

 

 



UNIVERSITY OF ANBAR 

COLLEGE OF ENGINEERING  

DAM & WATER RESOURCES DEPT. 

 

 

      

      

Engineering Mechanics - STATICS 

  Prepared by: Ass. Prof.  Dr. Ayad A. Sulaibi 

 
80 

 

 

 

 



UNIVERSITY OF ANBAR 

COLLEGE OF ENGINEERING  

DAM & WATER RESOURCES DEPT. 

 

 

      

      

Engineering Mechanics - STATICS 

  Prepared by: Ass. Prof.  Dr. Ayad A. Sulaibi 

 
81 

My = F dy = F(d cos Ɵ ) 

Ma = Fda 

Moment of a Force about a Specified Axis 

Sometimes, the moment produced by a force 

about a specified axis must be determined. For 

example, suppose the lug nut at O on the car 

tire in Fig. 4–20 a needs to be loosened. The 

force applied to the wrench will create a 

tendency for the wrench and the nut to rotate 

about the moment axis passing through O; 

however, the nut can only rotate about the y 

axis. Therefore, to determine the turning effect, 

only the y component of the moment is needed, 

and the total moment produced is not 

important. To determine this component, we 

can use either a scalar or vector analysis. 

 

Scalar Analysis: To use a scalar analysis in the case of the lug nut in Fig. 4–20 a , 

the moment arm perpendicular distance from the axis to the line of action of the 

force is dy = d cos Ɵ. Thus, the moment of F about the y- axis is: 

 

According to the right-hand rule, My is directed along the positive y- axis as shown 

in the figure. In general, for any axis a , the moment is: 

  

 

Vector Analysis: To find the moment of force F in Fig. 4–20 b about the y axis 

using a vector analysis, we must  determine  the moment of  F about a point O on 

the axis: MO = r x F, and the projection of this moment onto the a axis is Ma = ua . 

(r x F). This combination is referred to as the scalar triple product. We have:  
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This result can also be written in the form of a 

determinant, making it easier to memorize. 

 

 

 

 

 

 

When Ma is evaluated from above equation, it 

will yield a positive or negative scalar. The sign 

of this scalar indicates the sense of direction of 

Ma along the a axis. If it is positive, then Ma will 

have the same sense as ua, whereas if it is 

negative, then Ma will act opposite to ua.  

Once Ma is determined, we can then express Ma 

as a Cartesian vector, namely, 

                            

                                                     Ma = Maua 
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