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{#1~\text{ft}/\text{s}^2 } ewcommand{\unit}[1]{#1~\text{unit} } ewcommand{\ang}[1]{#1^\circ } ewcommand{\second}[1]{#1~\text{s} } ewcommand{\lt}{} ewcommand{\amp}{&} \) Varignon’s Theorem is a method to calculate moments developed in 1687 by French mathematician Pierre Varignon (1654 – 1722). It states that sum of the
moments of several concurrent forces about a point is equal to the moment of the resultant of those forces, or alternately, the moment of a force about a point equals the sum of the moments of its components. This means you can find the moment of a force by first breaking it into components, evaluating the scalar moments of the individual
components, and finally summing them to find the net moment about the point. The scalar moment of a component is the magnitude of the component times the perpendicular distance to the moment center by the definition of a moment (4.2.1), with a positive or negative sign assigned to indicate its direction. This may sound like more work than just
finding the moment of the original force, but in practice it is often easier. Consider the interactive to the right. If we break the force into components along the wrench handle and perpendicular to it, the sum of the moments of these component is \begin{equation} M = F_\perp d \text{,}\label{moment-fperp}\tag{4.3.1} \end{equation} where \(d\) is
the length of the handle, and \(F_\perp\) is the component of \(F\) perpendicular to the handle. Here, the contribution of the parallel component to the sum is zero, since its line of action passes through the moment center \(A\text{.}\) This interactive shows the force applied to the wrench broken into components perpendicular and parallel to the
handle. The moment is the perpendicular component times the length of the handle. Figure 4.3.1. Verignon's Theorem: \(M = F_\perp d\) This result agrees with our intuitive understanding of how a wrench works; the greatest torque is developed when the force is applied at a right angle to the handle. Equations (4.2.1) and (4.3.1) not only produce
the same result, they are completely identical. If the length of the handle is \(d\) and the angle between the force \(\vec{F}\) and the handle is \(\theta\text{,}\) then \(d_\perp = d \sin \theta\) and \(F_\perp = F \sin \theta\text{.}\) Using either equation to calculate the moment gives \begin{equation} M = F\ d\ \sin \theta\text{.}\label{momentgeneral}\tag{4.3.2} \end{equation} Verignon's theorem is particularly convenient to use the diagram provides horizontal and vertical dimensions, which is often the case. If you decompose forces into horizontal and vertical components you can find the scalar moments of the components without difficulty. The moment of a force is the sum of the
moments of the components, so \begin{equation} M = \pm F_x d_y \pm F_y d_x\text{.}\label{verignon}\tag{4.3.3} \end{equation} Take care to assign the correct sign to the individual moment terms to indicate direction; positive moment tend to rotate the object counter-clockwise and negative moment tend to rotate it clockwise according to the
standard right hand rule convention. Figure 4.3.2. Sum of moments of components. \(M = \pm F_x d_y \pm F_y d_x\) Example 4.3.3. Verignon's theorem. A \(\lb{750}\) force is applied to the frame as shown. Determine the moment this force makes about point \(A\text{.}\) Answer \[ \vec{M}_A = \ftlb{174} \text{ Clockwise}. onumber \] Solution Force
\(\vec{F}\) acts \(\ang{60}\) from the vertical with a \(\lb{750}\) magnitude, so its horizontal and vertical components are \begin{align*} F_x \amp = F \sin \ang{60} = \lb{649.5} \\ F_y \amp = F \cos \ang{60} = \lb{375.0} \end{align*} For component \(F_x\text{,}\) the perpendicular distance from point \(A\) is \(\ft{2}\) so the moment of this
component is \[ M_1 = 2 F_x = \ftlb{1299} \text{ Clockwise}\text{.} onumber \] For component \(F_x\text{,}\) the perpendicular distance from point \(A\) is \(\ft{3}\) so the moment of this component is \[ M_2 = 3 F_y = \ftlb{1125} \text{ Counter-clockwise}\text{.} onumber \] Assigning a negative sign to \(M_1\) and a positive sign to \(M_2\) to
account for their directions and summing, gives the moment of \(\vec{F}\) about \(A\text{.}\) \begin{align*} M_A \amp = - M_1 + M_2\\ \amp = - 1299 + 1125\\ \amp = -\ftlb{174} \end{align*} The negative sign indicates that the resultant moment is clockwise, with a magnitude of \(\ftlb{174}\text{.}\) \[ \vec{M}_A = \ftlb{174} \text{ Clockwise}.
onumber \] The interactive diagram below will help you visualize the different tools to find moments that were covered in this section. This interactive demonstrates three methods to visualize and compute the two-dimensional moment of a force about point. Figure 4.3.4. Various approaches to find a moment about a point. Varignon’s Theorem states
that the moment of a force about any point is equal to the algebraic sum of the moments of its components about that point. Principal of moments states that the moment of the resultant of a number of forces about any point is equal to the algebraic sum of the moments of all the forces of the system about the same point. A theorem in mechanics that
establishes the dependence between moments of forces of a given system and the moment of their resultant force. This theorem was first formulated and proved by the French scientist P. Varignon. According to Varignon’s theorem, if a system of forces Fi has a resultant force R, then the moment M0(R) of the resultant force relative to any center O
(or z-axis) is equal to the sum of the moments M0(Fi) of the component forces relative to the same center O (or the same z-axis). Mathematically, Varignon’s theorem isexpressed by the formulas M0(R) =ΣM0(Fi) or Mz(R) =ΣMz(Fi) Varignon’s theorem is used for solving a series of problems in mechanics (especially statics), resistance of materials,
construction theories,and other areas. Method to solve problems; The moment of force 100 N about O, can also be determined by using Varignon’s principle. The force 100 N is replaced by its two rectangular components at any convenient point. Here the convenient point is chosen as C. The horizontal and vertical components of force 100 N acting at
C are shown in Fig. (i) The horizontal component = 100 × cos 60° = 50 N But this force is passing through O and hence has no moment about O. The vertical component = 100 × sin 60° =-100 × 0.866 = 86.6 N This force is acting vertically downwards at C. Moment of this force about O =86.6 × OC = 86.6 × 3 = 259.8 N (clockwise). Ans. Feedback is
important to us. Figure 1.- Varignon’s theorem states that the sum of the moment of the forces around a certain point is equivalent to the moment of the resultant with respect to that point. Varignon’s theorem, in Mechanics, states that the sum of the moments produced by a system of concurrent forces with respect to a certain point is equal to the
moment of the resultant force with respect to the same point. varignon’s theorem examples For this reason this theorem is also known as the principle of moments .varignon’s theorem examples Although the first to enunciate it was the Dutch Simon Stevin (1548-1620), the creator of the hydrostatic paradox, the French mathematician Pierre Varignon
(1654-1722) was the one who later gave it its final form. An example of how Varignon’s theorem works in Mechanics is the following: suppose that a simple system of two coplanar and concurrent forces F 1 and F 2 acts on a point (denoted in bold because of their vector character). These forces result in a net or resultant force, called F R . Each force
exerts a torque or moment about a point O, which is calculated by the vector product between the position vector r OP and the force F , where r OP is directed from O to the point of concurrency P: M O1 = r OP × F 1 M O2 = r OP × F 2 Since F R = F 1 + F 2 , then: M O = r OP × F 1 + r OP × F 2 = M O1 + M O2 But since r OP is a common factor,
then, applying distributive property to the cross product: M O = r OP × ( F 1 + F 2 ) = r OP × F R
Therefore, the sum of the moments or torques of each force with respect to point O is equivalent to the moment of the resultant force with respect to the same point. varignon’s theorem examples Statement and proof Let a system of N
concurrent forces, formed by F 1 , F 2 , F 3 … F N , whose lines of action intersect at point P (see figure 1), the moment of this force system M O , with respect to at a point O is given by: M O = r OP × F 1 + r OP × F 2 + r OP × F 3 +… r OP × F N = r OP × ( F 1 + F 2 + F 3 +… F N ) Demonstration To prove the theorem, use is made of the
distributive property of the vector product between vectors. Let the forces F 1 , F 2 , F 3 … F N be applied to points A 1 , A 2 , A 3 … A N and concurrent at point P. The moment resulting from this system, with respect to a point O, called M O is the sum of the moments of each force with respect to that point: M O = ∑ r OAi × F i Where the sum goes
from i = 1 to i = N, since there are N forces. Since we are dealing with concurrent forces and since the vector product between parallel vectors is zero, it happens that: r PAi × F i = 0 With the null vector denoted as 0 . The moment of one of the forces with respect to O, for example that of the force F i applied on A i , is written like this:
M Oi = r OAi × F i The position vector r OAi can be expressed as the sum of two position vectors: r OAi = r OP + r PAi In this way, the moment about O of the force F i is: M Oi = ( r OP + r PAi ) × F i = ( r OP × F i ) + ( r PAi × F i ) But the last term is null, as explained above, because r PAi lies on the line of action of F i , therefore: M Oi = r OP × F i
Knowing that the moment of the system with respect to point O is the sum of all the individual moments of each force with respect to said point, then: M O = ∑ M Oi = ∑ r OP × F i Since r OP is constant it comes out of the sum: M O = r OP × (∑ F i ) But ∑ F i is simply the net force or resultant force F R , therefore it is immediately concluded that:
M O = r OP × F R Example Varignon’s theorem facilitates the calculation of the moment of the force F with respect to the point O in the structure shown in the figure, if the force is decomposed into its rectangular components and the moment of each of them is calculated: Figure 2.- Varignon’s theorem is applied to calculate the moment of the force
around O. Applications of Varignon’s theorem When the resultant force of a system is known, Varignon’s theorem can be applied to replace the sum of each of the moments produced by the forces that compose it by the moment of the resultant. varignon’s theorem examples If the system consists of forces on the same plane and the point with respect
to which the moment is to be calculated belongs to that plane, the resulting moment is perpendicular. For example, if all the forces are in the xy plane, the moment is directed in the z axis and it only remains to find its magnitude and its sense, such is the case of the example described above. In this case, Varignon’s theorem allows us to calculate the
resulting moment of the system through the summation. It is very useful in the case of a three-dimensional force system, for which the direction of the resulting moment is not known a priori. varignon’s theorem examples To solve these exercises, it is convenient to decompose forces and position vectors into their rectangular components, and from
the sum of the moments, determine the components of the net moment. Exercise resolved Using Varignon’s theorem, calculate the moment of the force F around the point O shown in the figure if the magnitude of F is 725 N. Figure 3.- Figure for the resolved exercise. To apply Varignon’s theorem, the force F is decomposed into two components,
whose respective moments around O are calculated and added to obtain the resulting moment. varignon’s theorem examples F x = 725 N ∙ cos 37 º = 579.0 N F y = – 725 NN ∙ sin 37 º = −436.3 N Similarly, the position vector r directed from O to A has the components: r x = 2.5 m r y = 5.0 m Figure 4.- Components of force and position. The moment
of each component of the force about O is found by multiplying the force and the perpendicular distance. Both forces tend to rotate the structure in the same direction, which in this case is clockwise, to which a positive sign is arbitrarily assigned: varignon’s theorem examples M Ox = F x ∙ r y ∙ sin 90º = 579.0 N ∙ 5.0 m = 2895 N ∙ m M Oy = F y ∙ r x ∙
sin (−90º) = −436.3 N ∙ 2.5 m ∙ (−1) = 1090.8 N ∙ m The resulting moment about O is: M O = M Ox + M Oy = 3985.8 N ∙ m perpendicular to the plane and in a clockwise direction. varignon’s theorem examples
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