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Moments & Supports 

 

Notation:

d = perpendicular distance to a force 

from a point 

F = name for force vectors or 

magnitude of a force, as is P, Q, R 

Fx = force component in the x direction 

Fy = force component in the y direction  

FBD = free body diagram 

L = beam span length 

M = moment due to a force 

Rx = resultant component in the x 

direction  

Ry = resultant component in the y 

direction 

w = name for distributed load 

W = name for total force due to 

distributed load 

x = horizontal distance 

x = x axis direction 

y = y axis direction 

  = angle, in a trig equation, ex. sin , 

that is measured between the x axis 

and tail of a vector 

 
 

Moment of a Force About an Axis 

 

 Two forces of the same size and direction acting at different points are not equivalent.  They 

may cause the same translation, but they cause different rotation. 

 

 DEFINITION: Moment – A moment is the tendency of a force to make a body rotate about 

an axis.  It is measured by Fd, where d is the distance perpendicular to the line of action of 

the force and through the axis of rotation. 

 

 

 

 For the same force, the bigger the lever arm (or moment arm), the bigger the moment 

magnitude, i.e. 21 dFMdFM AA    
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 Units: SI: Nm, KNm 

 Engr. English: lb-ft, kip-ft 

 

 

 Sign conventions: Moments have magnitude and rotational direction: 

 

OUR TEXT:   positive - negative – 
 

 CW + CCW - 

 

 

MOST OTHER TEXTS, INCLUDING PHYSICS TEXTS: 

   positive - negative – 
 

 CCW + CW - 

 

 

 

 

 Moments can be added as scalar quantities when there is a sign convention. 

 

 

 Repositioning a force along its line of action results in the same moment about any axis. 

 

 A force is completely defined (except for its exact position on the line of action) by Fx, Fy, 

and MA about A (size and direction). 
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21 dQdPdFM 

 The sign of the moment is determined by which side of the axis the force is on. 

 

 

 

 

 

 

 

 

 Varignon’s Theorem:  The moment of a force about any axis is equal to the sum of moments 

of the components about that axis. 

 

 

 Proof 1: Resolve F into components along line BA and perpendicular to it (90). 

 

d from A to line AB = 0 

d from A to F = dBA = 
cos

d
 

FBA = sinF  

F = cosF  

M = dF
d

FdFFdF BABA  



cos

cos0  

 

 Proof 2: Resolve P and Q into PBA & P, and QBA & Q. 

 d from A to line AB = 0 

 MA by P = BAdP   MA by Q = BAdQ   

 M = BAdP  + BAdQ   

 

and we know dBA  from Proof 1,  and by definition: P + Q.= F.  We know dBA and F
 
from 

above, so again M = F·dBA = F·d 
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 By choosing component directions such that d = 0 to one of the components, we can simplify 

many problems. 

 

 

 

 EQUILIBRIUM is the state where the resultant of the forces on a particle or a rigid is zero.  

There will be no rotation or translation.  The forces are referred to as balanced. 

 

 

 NEWTON’S FIRST LAW:  If the resultant force acting on a particle is zero, the particle will 

remain at rest (if originally at rest) or will move with constant speed in a straight line (if 

originally in motion). 

 

 0  HFR xx  0  VFR yy   AND 0M  

 

 

Moment Couples 

 

 Moment Couple:  Two forces with equal magnitude, parallel lines of action and opposite 

sense tend to make our body rotate even though the sum of forces is 0.  The sum of the 

moment of the forces about any axis is not zero. 

 

 

 

MdFdFM  12  

 

)( 21 ddFM   

 

dFM  :  moment of the couple (CW) 

 

 

 M does not depend on where A is.  M depends on the perpendicular distance between the line 

of action of the parallel forces. 

 

 

 M for a couple (defined by F and d) is a constant.  And the sense (+/-) is obtained by 

observation. 

 

 Just as there are equivalent moments (other values of F and d that result in M) there are 

equivalent couples.  The magnitude is the same for different values of F and resulting d or 

different values of d and resulting F. 
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F M=Fd 

A 

A 

Equivalent Force Systems 

 Two systems of forces are equivalent if we can transform one of them into the other with: 

 
1.) replacing two forces on a point by their resultant 

2.) resolving a force into two components 

3.) canceling two equal and opposite forces on a point 

4.) attaching two equal and opposite forces to a point 

5.) moving a force along its line of action’ 

6.) replacing a force and moment on a point with a force on another (specific) point 

7.) replacing a force on point with a force and moment on another (specific) point 

* based on the parallelogram rule and the principle of transmissibility 

 

 The size and direction are important for a moment.  The location on a body doesn’t matter 

because couples with the same moment will have the same effect on the rigid body. 

 

 

Addition of Couples 

 

 Couples can be added as scalars. 

 

 Two couples can be replaced by a single couple with the magnitude of the algebraic sum of 

the two couples. 

 

 

Resolution of a Force into a Force and a Couple 

 

 The equivalent action of a force on a body can be reproduced by that force and a force 

couple: 

 

If we’d rather have F acting at A which isn’t in the line of action, we can instead add F and 

–F at A with no change of action by F.  Now it becomes a couple of F separated by d and 

the force F moved to A.  The size is Fd=M 

 

 

 

 

 

 

 

 

The couple can be represented by a moment symbol: 

 

 

 Any force can be replaced by itself at another point and the 

moment equal to the force multiplied by the distance between 

the original line of action and new line of action. 
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Resolution of a Force into a Force and a Moment 

 

 Principle: Any force F acting on a rigid body (say the one at A) may be moved to any given 

point A, provided that a couple M is added:   the moment M of the couple must equal the 

moment of F (in its original position at A) about A. 

 

IN REVERSE:  A force F acting at A and a couple M may be combined into a single resultant 

force F acting at A (a distance d  away) where the moment of F about A is equal to M. 

 

 

Resultant of Two Parallel Forces 

 

 Gravity loads act in one direction, so we may have parallel forces on our structural elements.  

We know how to find the resultant force, but the location of the resultant must provide the 

equivalent total moment from each individual force. 
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R

bBaA
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Equilibrium for a Rigid Body 

 

FREE BODY DIAGRAM STEPS; 

 

1. Determine the free body of interest.  (What body is in equilibrium?) 

 

2. Detach the body from the ground and all other bodies (“free” it). 

 

3. Indicate all external forces and moments which include: 

 - action on the free body by the supports & connections 

 - action on the free body by other bodies 

 - the weigh effect (=force) of the free body itself  (force due to gravity)  
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4. All forces and moments should be clearly marked with magnitudes and direction.  The sense 

of forces and moments should be those acting on the body not by the body. 

 

5. Dimensions/angles should be included for moment computations and force component 

computations. 

 

6. Indicate the unknown angles, distances, forces or moments, such as those reactions or 

constraining forces where the body is supported or connected.  

 

 Reactions can be categorized by the type of connections or supports.  A reaction is a force 

with known line of action, or a force of unknown direction, or a moment.  The line of action 

of the force or direction of the moment is directly related to the motion that is prevented. 

 The line of action should be indicated on the FBD.  The sense of direction is determined by 

the type of support.  (Cables are in tension, etc…)  If the sense isn’t obvious, assume a sense.  

When the reaction value comes out positive, the assumption was correct.  When the reaction 

value comes out negative, the assumption was opposite the actual sense.  DON’T CHANGE 

THE ARROWS ON YOUR FBD OR SIGNS IN YOUR EQUATIONS. 

 

 With the 3 equations of equilibrium, there can be no more than 3 unknowns.  COUNT THE 

NUMBER OF UNKNOWN REACTIONS. 
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Reactions and Support Connections Structural Analysis, 4
th

 ed., R.C. Hibbeler 
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L

continuous

(most common case when L1=L2)
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Loads, Support Conditions & Reactions for Beams 

 

Types of Forces 

Concentrated – single load at one point 

Distributed – loading spread over a distance or area 

  

 

 

 

 

Types of supports: 

 

 Statically determinate   

(number of unknowns  number of equilibrium equations) 

 

 Statically indeterminate:  (need more equations from somewhere 

 

 

 

 

 

 

 

 

Distributed Loads 

 

Distributed loads may be replaced by concentrated loads acting through the balance/center of the 

distribution or load area:  THIS IS AN EQUIVALENT FORCE SYSTEM. 

 

 w is the symbol used to describe the load per unit length. 

 

 W is the symbol used to describe the total load. 

L L L 

simply supported 

(most common) 

overhang cantilever 

L 

restrained, ex. 

P2 P1 

concentrated uniformly distributed distributed 
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Example 1 (pg 31) Verify that the beam reactions 

satisfy rotational equilibrium for the rigid body.  Check 

the summation of moments at points A, B & C. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example 2 (pg 32)  
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Example 3 (pg 34)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example 4 

*Note: The figure has been changed to show w rather than W. 

* 

8. 

(horizontal) on the bar at the free end. 

4
' 
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Example 5 

 


