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Introduction to non-concurrent forces 

This section is about non-concurrent force systems. A system of forces is called non­
concurrent if the forces do not meet at a common point (a point of concurrency). 

When forces are non-concurrent, it means that there is always a possibility that they may 
have a turning effect with respect to the structure or mechanical component. The 
moment of a force is introduced; it is a measure of a force's turning effect about the 
reference points. 

In this section the concept of general equilibrium is introduced, along with the concept of 
moments of a couple and the analysis of an equivalent force-couple system. 

2/2 

In engineering, non-concurrent forces and moments are essential in designing the stability 
of structures and machines. Moments analyses are especially important in structures and 
beams bearing loads. 

CIVE FEEDBACK 



Characteristics of a system of non-concurrent forces 

A system of forces is called non-concurrent if it does not have a single point of concurrency, i.e. tl1e lines of action 
of the forces do not all meet at a common point 

When forces are non-concurrent, there is always a possibllity that they may have a turning effect with respect to the 
structure or mechanical component to which they are applied. The concept of moment of a force is introduced; it is 

a measure of a force's turning effect about some reference point. 

< 

Equilibrium of non-concurrent forces requires that, in addition to the force balance, the moments of all forces must 
also be in balance. 

< 

Every time we drive a car, t ighten up a nut, ride a bicycle or open a door, 
we make use of the turning effect of a force or forces, applied at some 

distance from the axis or fulcrum about which turning takes place. 

The lever is only one example of the application of the principle of 
moments. 

Levers enable us to multiply the force available in our own hands to move 
very large loads. Today the lever, in various forms and combinations, is the 

most common machine element. 
< 
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What is the moment of a force? 

Click the correct answer. 

A measure of a force's turning effect about a reference point 

A measure of a force's application time length 

A measure of a force's importance in a system 

A measure of a force's exact application point in t ime 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Type your answer in the box. 

Equilibrium of non-concurrent forces requires that, in addition to the force balance, the 

'----------' of all forces must also be in '----------' 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Which of these situations involves the moment of a force? 

Check all that apply. 

0 Driving a car 

0 Loosening a screw 

0 Standing on a roof 

0 Tightening up a nut 

0 Opening a door 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Type your answer in the box. 

A system of forces is called I H 
forces do not meet at a common point, i.e. a point of ._I --------' I. 

I if the line of action of the 

Do you know the answer? 

I KNOW IT THINK SO UNSURE I NO IDEA 
' 

' 



Equations used to express the conditions of moment of a force 

The moment of a force about a point is defined as the product of the force and the perpendicular distance 

of its line of action from the point. 

M = Fd 

M = moment of a force about the point 

F = force applied 

d = the perpendicular distance of its line of action 

from the point 

The perpendicular distance d is often referred to 

as the moment arm or lever arm. 
< 

GIVE FEEDBACK 

The moment is a measure of the turning effect of 
the force acting on a body, relative to a specified 

point. As a product of force and distance, the 
moment of a force is measured in units derived 

from those of force and length. 

< 

ltJI .... 



Which of the following is the correct equation describing the moment of a force about a point? 

M = Fd 

F = dM 

F 
J\1. = -

d 

F d = ­
M 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



Type your answer in the box. 

The perpendicular distanced is referred to as the L_ ______ ___JL_ ______ ___J' 

Do you know the answer? 

I KNOW IT tHINK SO UNSURE NO IDEA 
' 



The Sl unit of the moment 

The Sl unit of moment of force is the product of the newton and the metre, called newton 
metre, with a compound symbol N.m . 

The multiples and submultiples of the newton metre are formed by using decimal prefixes 
in front of the new unit. e.g. 1 ki lonewton metre {kN.m) is equal to 1000 newton metres 

(N.m). 

GIVE FEEDBACK '"' IClll 



Type your answer in the box. 

The Sl unit ofthe moment offorce is ._ ______ _,._ ______ _,. The symbol of the 
unit is 

~-------' 

Do you know the answer? 

I KNOW IT THINK SO UNSURE I NO IDEA 
' 

' 



Newton metre (Nm) is the only Sl unit used in engineering. 

False 

True 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



< 

The directional sense of the moment 

Note that the moment of a force also has a directional sense. 

The directional sense is assoicated with turning motion, hence the directions are indicated as clockwise 

and anticlockwise (counterclockwise). 

For mathematical calcu lations, a sign convention usually used is that clockwise moments are taken to be 

positive and anticlockwise moments to be negative. 

Momont: ann 
Moment arm 

uno or ._, 

Moments going in the clockwise direction 

< 

uneot 
•~on 

l.iooof 
actloo 

Moment arm 

Moments going in the anticlockwise 
(counterclockwise) direction 

GIVE FEEDBACK ... •• 



Match the moment direction with the correct mathematical sign convention. 

j Drag statements on the right to match the left. 

Clockwise direction c-::1 Positive 

Anticlockwise direction c-::1 Negative 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



What is the direction of moment in the fol lowing f igure? 

Mom tar 

Anticlockwise 

Clockwise 

North-west 

Up 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



Which of the following are the correct direction senses for moments of a force? 

Check all that apply. 

0 Clockwise 

0 Anticlockwise 

0 Down 

0 Up 

0 Left 

0 Right 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
' 



Calculate the moment of non-concurrent forces about a chosen reference point-Example 1 112 

Example 

If a force of 65 N is applied to the lever shown in the figure below, and the length of the 

moment arm is 0.75 m, determine the moment of the force about the pivot point. 

1 65 N 
-

E 

"' d 

GIVE FEEOBACII CONTINUE > 



Calculate the moment of non-concurrent forces about a chosen reference point-Example 1 2/2 

Solution 

Moment is the product of the force and the perpendicular distance called the moment 

arm: 

M = F d 

= 65NX0.75m 

= 48.75 N. m clockwise 

Note that the answer also indicates the directional sense of the moment, clockwise in 

this case. In th is example, the actual length of the lever is in fact the moment arm at 

right angles to the force. 

CIVE FEEDBACK 



Calculate the moment of non-concurrent forces about a chosen reference point-Example 2 1/4 

Example 
In many problems, care must be exercised in using correct perpendicular distance with 

each force, as illustrated by the following example. 

Determine the magnitude and sense of the moments of forces F 1. F2 and F ~ about point 

A in the following figure. In t his example, drawing individual diagrams for each force will 

be very helpful to understand which distance is in fact the moment for each of the forces 

in question. 

GIVE FEEOBACII 

Ft_ - SkN 

0.61.--A --i--
1'3 = 2 kN 

J.r----__J--

l.Om 
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Calculate the moment of non-concurrent forces about a chosen reference point- Example 2 2/4 

So ution 
Moment of force Ft: 

Mt = Ftdt 

= lOkN x lm 

= 10 kNmclockwise 

F. = 10 kN 

Fa 5 kN 

• 
0.6 m 

A 

F1 - 10 kN 

' I 

otg 
(1) · -c 0 
:.::ln'J 

I 

£ 

_ _.__ Jr------........ ._ 
A moment arm ' 

• tot 
d, .- 1.0 m 

1.0 m 

<BACK GIVE FEEDBACK 



Calculate the moment of non-concurrent forces about a chosen refer-ence point- Example 2 3/4 

Moment of force F2: 

0.6 rn 

A 

1.0 m 

<BACK GIVE FEEDBACK 

M2 = F2 d2 

= Sk.N X 0.6m 

= 3 k.N m anticockwise 

F. - 10 kN 

F'l - 5 kf'\ 

line of action 1 

moment d
2 0_6 m 

arm 

A 

--

~ 

CO'NT1INUE :> 



Calculate the moment of non-concurrent forces about a chosen reference point-Example 2 4/4 

Moment of force F 3: 
M3 = F3d3 

=2kNXO 

= 0 

Note that force F 3 does not have a moment about point A due to the fact that its line of 

action passes through the point, i.e. its perpendicular distance from A is equal to zero. 

F - 10kN 

F1 -:- SkN 

J 
.------l--

0.6 m A 
_ Ft-2' kN 

~'<"7 ___ .,_ 
Mz=Pzdz 

= 5kN X 0.6m 

1• - --10m = 3 kN m anticockwise 

CIVE FEEDBACK 



A force of 45 N is applied to a spanner at the distance of 
300 mm from the centre of a nut The nut has a right-hand 
thread. 

liil 

SMAll LARGE 

>I< v 

What Is the maximum turning moment produced by this 
force? 
(Show your answer in Nm and rounded to one decimal 
place.) 

Clear 

Undo 

Click and zype your answer here 

CHALLENGE SUBMIT SHOW ANSWER 



A force of 45 N is applied to a spanner at the distance of 
300 mm ftom the centre of a nut. The nut has a rlgllt-hand 
thread. 

liil 

SMALL i .!..!ii!/1 Wli:E 

Given you are tightening a nut what should be the direction of the force to achieve the maximum 
wrnlng effect? 

Click !be correct answer. 

ClO<:kwise with thelfne of action perpendicular to the moment arm 

Anticlockwise with the line of action perpendicular to the moment arm 

ClO<:k\vJSe with the line of action at any angle to the moment arm 

AntlciO<:k\lllse with the line of actlon at any angle to the moment arm 

Do you kn01• tbe answer'! 

I KNOW IT thllll'. M UNSUk£ NO IDEA 



Given you are t ightening a nut, what should be the direction of the force to achieve the maximum 
turning effect? 

Click the correct answer. 

Clockwise with the line of action perpendicular to the moment arm 

Ant iclockwise with the line of action perpendicular to the moment arm 

Clockwise with the line of action at any angle to the moment arm 

Anticlockwise with the line of action at any angle to the moment arm 

Do you know the answer? 

I KNOW IT THINii SO UN SURf NO IDEA 



What is the maximum turning moment produced by this 

force? 

(Show your answer in Nm and rounded to one decimal 

place.) 

~~__j~JJEJ~ 
~~~~~~~EJ 

Clear 

Undo 

Click and type your answer here 

CHALLENGE SUBMIT SHOW ANSWER 



Determine the moment of a force by calculating the correct moment arm (perpendicular distance)-Example 1/3 

Example 
If a force is inclined to the convenient principal directions, such as the horizontal and 

vertical directions, the correct perpendicular distance can be determined graphically in 

the following example. 

Determine the moment of force F = so N about point A if the distance AB is 800 mm. 

GIVE FEEOBACII 

F r 50 N 

A ~;====,;;0·:;;8,;,;m~====& 
/ B 

/ 
/ ~ 

/ ~0 

/ "'" / ~ 
/ ~e 

/ ~ 
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Determine the moment of a force by calculating the correct moment arm (perpendicular distance)-Example 2/3 

Solution 
In th is case the given distance AB is not the moment arm because AB is not 

perpendicular to the line of action of the force. To solve the problem we need distance 

AC. This can be found graphically or mathematically. 

Graphically it can be done by drawing the diagram to scale and measuring the required 

distance AC. Mathematically it can be done by using trigonometry. Usually the 

mathematical method will generate a more reliable answer. 

c 

CIVE FEEDBACK CONTINUE > 



Determine the moment of a force by calculating the correct moment arm (perpendicular distance)-Example 3/3 

c 

From the right-angled triangle ABC: 

Momentarmd = AB sin4s• 

= 0.8 X 0.707 

= 0.566m 

The moment of force is therefore: 
M = Fd 

= 50 N X 0.566 m 

= 28.3 N. m clockwise 

CIVE FEEDBACK 



A h011zoncal beam 2m lona I& eupporteclet Its end$. In the 
following scenenoe. determine the moments about eoeh of 
the supports duo to tile diiTerentiOade. 

Iii 
tal llo<onwarcl Ioree 01 31<.N at rmopomt ., 1 

(bt ~d tcnc of 3 I<.N 
support (IX*JI A) 

0 
\ 

a 
• Oint 0.5 m rrom tile lei\ 

,. 
(ct Fon:e of 3 ~N eppl'od" mldf)Oint end inclined at 60" to 
the honlontal ., < , . 

.-t e : I ...-

In scenario (a~ the l1lCJITlOOlt arm • m from the left support (point AI end 

L------- m ll1lm the rWit "'-'(point 8). 

>I< I KNOW IT NO IDEA 



A ho~zontal beam 2m long Is supported at Its ends. In the 
followingscenerios, determine the moments about each of 
the supports due to tile different loads. 

Iii! 
(a) Downward force of 3 KN at midpoint 

\ ,. 
(b) Downward force of 3 kN at a point 0.5 m from tile left 
support (point A) ,, ! ,. 
(c) Force of 3 kN applied at midpoint and inclined at 60" to 
the horizontal 

( ,.. ,. 
sMnll e np e LAilGe 

·>I< 

Type your answer in the box. 

In scenario {B). a downward foroe of 3 kN is applied at the midpoint of the beam. 
(Show your answer In kNm and round to ooo decimal place If neoossary.) 

Given the moment arm Is 1m from the left support (point A} and 1m from the right support (point B): 

The moment about the left support (point A) is '---------' kNm wtth '---------' 
direction. 

The moment about the right support (point B) Is ._ _______ _. kNm w~h '----------' 
direction. 

Do you know the answer'! 

I KNOW IT UNSURE NO IDEA 



A h011zoncal beam 2m lona I& eupporteclet Its end$. In the 
following scenenoe. determine the moments about eoeh of 
the supports duo to tile diiTerentiOade. 

Iii 
tal llo<onwarcl Ioree 01 31<.N at rmopomt ., 1 

(bt ~d tcnc of 3 I<.N 
support (IX*JI A) 

0 
\ 

a 
• Oint 0.5 m rrom tile lei\ 

,. 
(ct Fon:e of 3 ~N eppl'od" mldf)Oint end inclined at 60" to 
the honlontal ., < , . 
.-t e : I ...-

In scenario {b~ the moment erm II m from lhe left support (point AI end 
L_ ______ m ll1lm therW!I"'-' (point 8). 

>I< I KNOW IT NO IDEA 



A ho~zontal beam 2m long Is supported at Its ends. In t he 
followingscenerios, determine the moments about each of 
t he supports due to tile different loads. 

Iii! 
(a) Downward force of 3 KN at midpoint 

\ ,. 
(b) Downward force of 3 kN at a point 0.5 m from tile left 
support (point A) ,, ! ,. 
(c) Force of 3 kN applied at midpoint and inclined at 60" to 
the horizontal 

( ,.. ,. 
sMnll e np e LAilGe 

·>I< 

Type your answer in the box. 

In soenano (b), a downward force of 3 kN is applied at a point 0.5 m from t he left support (point A) of the beam. 
(Show your answer In kNm and round to ooo decimal place If neoossary.) 

Given the moment arm Is 0.5 m from tile left support (point A) and 1.5 m from the rfglltsuppart (POint B): 

The moment about the left supPOrt (point A) is '---------' kNm wtth '---------' 
direction. 

The moment about the right support (point B) Is ,_ _______ _. kNm w~h '---------' 
direction. 

Do you know the answer'! 

I KNOW IT UNSURE NO IDEA 



A ho~zontal beam 2m long Is supported at Its ends. In the 
followingscenerios, determine the moments about each of 
the supports due to tile different loads. 

liil 
(a) Downward force of 3 KN at midpoint 

\ 

(b) Downward force of 3 kN at a point 0.5 m from tile left 
support (point A) 

! ,. 
(c) Force of 3 kN applied at midpoint and inclined at 60• to 
the horizontal 

( .,. ,. 

SMAll I ~ II! I LARGE 

>I< 

Type your answer In the ll<lx. 

In scenario (c}, a force of 3 kN is applied at midpoint and inclined at 60 .. to the hoii:zontal of the beam. 
(Show your answer in m and round to three decimal pfaces.) 

In this case the line of action of the force F is not perpendtcular to the horizontal beam. 

The true moment arm Is I I m from the left support (point A) and 
I I m from the rigllt support (point B). 

Do you know the answer'! 

I KNOW IT NO IDEA 



A ho~zontal beam 2m long Is supported at Its ends. In the 
followingscenerios, determine the moments about each of 
the supports due to the different loads. 

liil 
(a) Downward force of 3 KN at midpoint 

1 

(b) Downward force of 3 kN at a point 0.5 m from the left 
support (point A) 

. , l , . 
(c) Force of 3 kN applied at midpoint and inclined at 60• to 
the horizontal 

( .,. ,. 

sMALL I n11 I LAilGe 

>I< 

Type your answer In the box. 

In scenario (c), a force of 3 kN is applied at midJX>int and inclined at 60 .. to the holi:zontal of the beam. 
(Show your answer in kNm and round to one decimal place.) 

In this case the beam distance ls not the moment arm becuase it is not perpendicular to the line of actlon. 
Given the moment arm is 0.866 m from the left support (point A) and 0.866 m from the right support (point B); 

The moment about the left wpport {point A) is '---------' kNm with '---------' 
direction. 

The moment about the right support (point B) is ,_ _______ _. kNm with '---------' 
direction. 

Do you know the answer? 

I KNOW IT liNSURi NO IDEA 



Type your answer in the box. 

In scenario (c), a force of 3 kN is applied at midpoint and inclined at 60° to the horizontal of the beam. 

(Show your answer in m and round to three decimal places.) 

In th is case the line of action of the force F is not perpendicular to the horizontal beam. 

The true moment arm is m from the left support (point A) and 
c_ _______ __J m from the right support (point 8). 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Type your answer in the box. 

In scenario {a), the moment arm is m from the left support (point A) and 
'----------' m from the right support (point B). 

Do you know the answer? 

I KNOW IT THINK SO UNSURE I NO IDEA 
' 

' 



Type your answer in the box. 

In scenario (c), a force of 3 kN is applied at midpoint and inclined at 60° to the horizontal of the beam. 

(Show your answer in kNm and round to one decimal place.) 

In this case the beam distance is not the moment arm becuase it is not perpendicular to the line of action. 

Given the moment arm is 0.866 m from the left support (point A) and 0.866 m from the right support (point B): 

The moment about the left support (point A) is ,_ _______ _, kNm with ,_ _______ _, 
direction. 

The moment about the right support (point B) is '---------' kNm with '---------' 
direction. 

Do you know the answer? 

I KNOW IT THINH SO UNSURE NO IDEA 



Type your answer in the box. 

In scenario (a), a downward force of 3 kN is applied at the midpoint of the beam. 

(Show your answer in kNm and round to one decimal place if necessary.) 

Given the moment arm is 1 m from the left support (point A) and 1 m from the right support (point B): 

The moment about the left support (point A) Is '---------' kNm with '---------' 
direction. 

The moment about the right support (point B) is ._ _______ _, kNm with ._ _______ _, 
direction. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Type your answer in the box. 

In scenario (b), a downward force of 3 kN is applied at a point 0.5 m from the left support (point A) of the beam. 

(Show your answer in kNm and round to one decimal place if necessary.) 

Given the moment arm is 0.5 m from the left support (point A) and 1.5 m from the right support (point B): 

The moment about the left support (point A) Is '---------' kNm with '---------' 
direction. 

The moment about the right support (point B) is ._ _______ _, kNm with ._ _______ _, 
direction. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Type your answer in the box. 

In scenario (b), the moment arm is m from the left support (point A) and 
'----------' m from the right support (point B). 

Do you know the answer? 

I KNOW IT THINK SO UNSURE I NO IDEA 
' 

' 



< 

Turning effecting or resulting moment 

If more than one force is acting on a body, there is a corresponding number of moments of force, each 

tending to produce a turning effect about the point. 

The total turning effect, or resultant moment, Is the algebraic sum of the moments of all the forces acting 
on the body. 

F, - 10 kN 

Ft - 5 kN 

I 
.-----------~---

0.6 m k-A _ ____ __,_F,.•_: 2 kN 

1.0 m 

This figure is showing that there are three forces acting around the point A. 

<'~ence the total turning effect is the algebraic sum of the moments of all th ree forces acting around point A 

GIVE FEEDBACK ... •• 



Type your answer in the box. 

The total turning effect, or resultant moment, is the algebraic L_ ______ _, of the moments of all 
the forces acting on the body. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



< 

( 

The algebraic sign convention of clockwise and anticlockwise moments 

The total tumlng effect. or resultant moment. Js the algebraJc sum or the moments ot au the 1oroes actlfl8 on the bOdY. 

Algebraic sum means that the different directional sense o f the various moments must be taken into account when the 

momoots aro being addOO. 

For mathematical calculations, a sl~ convention usuallY used Is that ciQCkwlse moments are taken to be poslttve and 
antlclockwise moments to be neg&tl\·e. 

In this example, the throe moments about point A can be calculated Individually. 

i'. - \Okll 

; , - ' !loll ' .e., SI<N .. lp, .. _ 
~~~ :.~ · 

,(!, .· Him ~ 

GIVE FEEDBACK 

I • ~.om ' I 

M2 • F1dz M J = F~d, 
oo 5 kN x 0.6 ru 

• 10 .kN. w clockwise • 3krll . m anucockwiSe 
= 2k:N XO 

= 0 

Using the sign convention, the moments about pofnt A can be shown as: 

M1 = JOkN.mclock.wlse ~'~2 = 3kN.mantk:Jocf(wlse 

- + lOI<N.m - - JI<N.m 

_I 



Match the moment direction with the correct mathematical sign convention. 

j Drag statements on the right to match the left. 

Clockwise direction c-::1 Positive 

Anticlockwise direction c-::1 Negative 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



If a moment of a force is equal to + 45 N.m, what is the direction of the moment? 

Clockwise 

Anticlockwise 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



If a moment of a force is equal to - 49 N.m, what is the direction of the moment? 

Anticlockwise 

Clockwise 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



< 

The Varignon theorem 

An extension of the principle of addition of moments is known as the 

Varignon theorem, originally proposed by the French mathematician 

Varignon (1654-1722). 

It states that t he moment of a force about any axis is equal to the sum of 
the moments of its components about that axis. 

GIVE FEEDBACK '"' "" 



Type your answer in the box. 

The Varignon theorem states that the '----,-------__,., of a force about any axis is equal to the 
L_ _______ _. of the moments of its components about that axis. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE I NO IDEA 
' 

' 



Determine the moment of a force by resolving a force into its horizontal and vertical components 1/2 

By applying the Varignon theorem and the addition of moments, we can resolve a force 

into its horizontal and vertical components mathematica lly. 

In the following example, we can determine the final moment about point A by resolving 

force F into its horizontal and vertical components, as shown in the figure. 

Fv = 50 sin 45° = 35.4 N F "' 50 N 
/ 

/ 
/ 

o.am /_ 
A FH- 50 cos 45° ~ 35.4 N 

GIVE FEEOBACII CONTINUE > 



Determine the moment of a force by resolving a force into its horizontal and vertical components 2/2 

As the moment of the horizontal component is zero, due to the line of action passing 

through point A, the total moment about A is: 

CIVE FEEDBACK 

M=FvXd+FHXO 

= 35.4 N X 0.8 m + 0 

= 28.3 N .m 



The beam in the following f igure is built into the wall and 
carr1es a load of 10 kN as shown. 

liil 

10 

2m 

srMLl it, f.Jjlipi uutG£ 

Type your answer in the box. 

By resoMng ttle 10 kN Into itS components, the vartical rorce F v is equal to ._ ______ __J kN 
(rounded to two decimal places). 

Oo you know the answer? 

I KNOW IT UNSIIHE NO IDEA 



The beam in the following f igure is built into the wall and 
carr1es a load of 10 kN as shown. 

liil 

10 

2m 

srMLl it, f.Jjlipi uutG£ 

Type your answer in the box. 

By resoMng ttle 10 kN Into itS components, tt.e horizontal ton::e F 8 is equal to '-------__;kN. 

Do you knolf tbe a.nswer? 

I KNOW IT I!N~li~E NO IDEA 



The beam in the following f igure is built into the wall and 
carr1es a load of 10 kN as shown. 

liil 

10 

2m 

srMLl it, f.Jjlipi uutG£ 

Type your answer in the box. 

Given tha hotizontal roree has a line at actiOn passing ttuough point A, the total momant ot th& flortront.al 
oomponent is '--------j 

Do you know tbe answer? 

I KNOW IT IJNSII~l HO IDEA 



The beam in the following f igure is built into the wall and 
carr1es a load of 10 kN as shown. 

liil 

10 

2m 

srMLl it, f.Jjlipi uutG£ 

Type your answer in the box. 

Given tha V(lf'tieal rorce component is 8.66 kN and the mom&nt of the hOrizontal oon'lponent Is zero, tM total 
mofoent M abOut point A 1s kN.m In thG dlrecdon 
{rounded to two decimal places). 

Do you know tbe answer? 

I KNOW IT UNSIJRf NO IDEA 



Determine !be resultant moment using !be algebraic sum of clockwise and anti clockwise moments 1/5 

It is important to realise thatfor a given system of forces there is no single answer for the 

moment of forces unless the reference point is specified. A moment must always be 
calculated with respect to a particular reference point. 

In th is example, the three moments about point A can be calculated individually. 

F. =- IO kN 

0.61 XCA ____ _J_F..,_' - 2 k N 

1 1.0 m 

"t" ~ g 
·.::: ' f$ 

' ' A moment arm • 
d, ~ l .O m 4 11r.e of action - -----·----..... - --. 

A F:1 ..- 2 kN 

M 1= F1d1 M2= Fzd2 M 3 = F 3 d3 

= 10 k:N X 1 m = 5 kN X 0.6 m = 2 kN X 0 

= 10 kN m clockWise = 3 kN m ant icockwise = 0 

GIVE FEEOBACII CONTINUE > 



Determine !be resultant moment using !be algebraic sum of clockwise and anticlockwise moments 2/5 

Using the sign convention, the total moment about point A of all tl1e forces is: 

CIVE FEEDBACK 

M=M 1 +M2 + M3 

= + 10 kN m - 3 kN m + 0 

= 7 kN m clockwise 

= +7kNm 

CONTINUE > 



Determine !be resultant moment using !be algebraic sum of clockwise and anticlockwise moments 3/5 

It must also be understood that in many problems there is no rotation actually taking 

place. The moment represents only the tendency for rotation under the influence of a 

force or forces and not actual rotation. The following example illustrates these points. 

A horizontal beam rests on two supports, A and B, and supports three forces as shown 

below. Calculate the total moment due to the applied forces: 

(a) about the left-hand support A 

(b) about the right-hand support B 

!'>kN. 

! "'' . '" 
4 

! ! 
:4 

~ 2m ·I· 2m ~~ $m I 

CIVE FEEDBACK CONTINUE > 



Determine !be resultant moment using !be algebraic sum of clockwise and anticlockwise moments 4/5 

(a) The total moment about A is the sum of the moments of all forces about A. 

Note: All distances are measured from point A . 

MA = 'Z(F X d ) 

=5X2 + 2X4 + 3X5 

= 33kNm clockwise 

{b) The total moment about point B (distances measured from B) is: 

CIVE FEEDBACK 

MB = 'Z{FXd ) 

= 5X6 + 2X4+3X3 

= 47 kN m anticlockwise 
~I<\ 

~ 
:t l>'< 

.. , 
;;;;-- I I 

~ --

I 
,. .l ou I ·" I $ (to I 

CONTINUE > 



Determine !be resultant moment using !be algebraic sum of clockwise and anticlockwise moments 5/5 

It is obvious that the moments about A and B are different, not only in magnitude, but 

also in sense. There is no actual rotation taking place. However, if the right-hand support 

B is suddenly removed, then rotation is produced by the t urning moment M A about A in 

the clockwise direction. If instead the left-hand support A is removed, then the beam 

turns anticlockwise about B under the influence of t he moment Ms. 

S k:N 

l '"' 
3 t;N 

4 
! l :;;k 

I 2m 2m I · m I Sm I 

CIVE FEEDBACK 



Type your answer in the box. 

Determine the magnitude and direction sense of the moments of force F t. 

Moment Magnitude Direction sense 

Mt II l kNm II I 

Do you know the answer? 

I KNOW IT 1 HINii SO UNSURE NO IDEA 



Determine the magnitude and sense of forces F,, F, and F, 
about point A in the following figure; determine the total 
moment about point A of all forces. 

liil 
p, 80kN 

6 . 35kJ 

4m 

2 
3m 

A 

SMALL IJ!!t!!l I lARGE 

>I< 

Type your answer in the box. 

Determine the magnitude and direction sense of the moments of force F J· 

I Moment I Magnitude I Dirootlon sonS<> 

Oo you knolf the answer? 

I KNOW IT IIII~K "' NO IDEA 



Determine the magnitude and sense of forces F,, F, and F, 
about point A in the following figure; determine the total 
moment about point A of all forces. 

liil 
p, 80kN 

6 . 35kJ 

4m 

2 
3m 

A 

SMALL IJ!!t!!l I lARGE 

>I< 

Type your answer in the box. 

Determine the magnitude and direction sense of the moments of force F l · 

Moment Magnitude Oirootlon sanse 

kNm 

Oo you knolf the answer? 

I KNOW IT IIII~K "' NO IDEA 



Determine the magnitude and sense of forces F,, F, and F, 
about point A in the following figure; determine the total 
moment about point A of all forces. 

liil 
p, 80kN 

6 . 35kJ 

4m 

2 
3m 

A 

SMALL IJ!!t!!l I lARGE 

>I< 

Type your answer in the box. 

Determine the magnitude and direction sense of the moments of force F l · 

I Moment I Magnitude I Dirootlon sonS<> 

Oo you knolf the answer? 

I KNOW IT IIII~K "' NO IDEA 



Determine the magnitude and sense of forces F,, F, and F, 
about point A in the following figure; determine the total 
moment about point A of all forces. 

liil 
p, 80kN 

6 . 35kJ 

4m 

2 
3m 

A 

SMALL IJ!!t!!l I lARGE 

>I< 

Type your answer in tile box. 

Determine the total moment about point A of all forces with the correct sign convention. 

Moment Magnitude Direction sense Moment with sign convention 

M, 60kNm antiolockwise kNm 

Ml DkNm OkNm 

M, 70kNm clockwise 70 kNm 

Total kNm kNm 

Do you koo" tbe answer? 

I KNOW IT "1111~1\ ~~~ UHSURl NO IDEA 



Type your answer in the box. 

Determine the magnitude and direction sense of the moments of force F 3· 

Moment Magnitude Direction sense 

M 3 II l kNm II I 

Do you know the answer? 

I KNOW IT 1 HINii SO UNSURE NO IDEA 



Type your answer in the box. 

Determine the magnitude and direction sense of the moments of force F2. 

Moment Magnitude Direction sense 

M2 II l kNm -

Do you know the answer? 

I KNOW IT 1 HINii SO UNSURE NO IDEA 



Type your answer in the box. 

Determine the total moment about point A of all forces with the correct sign convention. 

Moment Magnitude Direction sense Moment with sign convention 

Mt 60 kNm anticlockwise II l kNm 

M 2 OkNm - OkNm 

M3 70 kNm clockwise 70 kNm 

Total II l kNm II I l l l kNm 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



The conditions of rotational equilibrium for a system of forces 

When a structure or a machine component is in equilibrium, the moments, as well as 
forces, must be in a state of balance, otherwise the unbalanced resultant moment would 

cause rotation of the body. 

Thus for a body to be in rotational equilibrium, the resultant moment about any point must 
be equal to zero, i.e. there must be no resultant turning effect. 

( 

GIVE FEEDBACK '"' IClll 



Type your answer in the box. 

For a body to be in rotational equilibrium, the resultant moment about any point must be equal to 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



An unbalanced resultant moment in a body of structure would cause: 

Rotation of the body 

The object to remain stationary 

The object t o change shape 

A new equil ibrium 

Click the correct answer. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



f 

The equation of rotational equilibrium for a system of forces 

For a body to be in rotational equil ibrium, the resultant moment about any point must be 

equal to zero. 

Mathematically t his can be stated as: 
L.M = 0 

Alternatively this principle can be expressed in terms of equivalence of the sum of the 

clockwise moments about any point and the sum of anticlockwise moments about t he same 

point That is, for equilibrium: 

< 

Sum of clockwise moments= sum of anticlockwise moments 

The simplest case of th is relation is the equivalence of moments of two forces in static 

equilibrium about a pivot point. 

GIVE FEEDBACI\ 



Which of the following equations correctly describe rotational equil ibrium? 

Check all that apply. 

0 "LM = 0 

0 Sum of clockwise moments= sum of anticlockwise moments 

0 "LF = 0 

0 M1 +M2 = 0 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Calculate tbe unknown force in a system of forces given it is in rotational equilibrium-Example 1/3 

Example 
The wheelbarrow shown below carries a load of 58 kg, Calculate the effort required to 

hold the handles in a stationary position. 

0.6m 0.52m 

GIVE FEEOBACII CONTINUE > 



Calculate tbe unknown force in a system of forces given it is in rotational equilibrium-Example 2/3 

Solution 
First calculate the weight of the load: 

CIVE FEEDBACK 

F ., = mg 

= 58 kg X 9.81 N/kg 

= 569N 

1 
_ _ _;0::.:.6:..:;m,;__- l--=0:::.52::.;m.::..__ 

F• 

CONTINUE > 



Calculate tbe unknown force in a system of forces given it is in rotational equilibrium-Example 3/3 

Now equate the moments of the two forces about the pivot point, which is the axis of the 

wheel, and solve for the unknown force: 

569 X 0.52 = F E X 1.12 

:. pB = 264N 

The total effort required is 264 Nor 132 N per handle. 

_ _ ..::;0·;:,;6 m"--- I- ..::M:::2c;,m:..._ 

F. 

/ 

CIVE FEEDBACK 



Determine the force F required to start to tip the cabinet 
shown below If the mass of the cabinet Is 50 kg. 

Iii 

>I< 

Type your answer in the oox. 

An.'t caloulat&th6 weight of the cabtnet (rounded Lo ooo decimal place). 
Hint GtaV!Iy Is oquol to 9.81 N/l<g. 

The weight Is equal to'--------' N. 

Do you know the answer? 

I KNOW IT IJN:<IIRI NO IDEA 



Determine the force F required to start to tip the cabinet 
shown below If the mass of the cabinet Is 50 kg. 

Iii 

>I< 

Type your answer in the oox. 

TOO moment arm distance Of the w&igM abOut point A is 9qual to '--------'m (rounded to two 
decimal plaoos). 

Do you know tbe answer? 

I KNOW IT I ~IN~ ~~I NO IDEA 



Determine the force F required to start to tip the cabinet 
shown below If the mass of the cabinet Is 50 kg. 

Iii 

>I< 

Type your answer in the oox. 

TOO moment arm distance Of the pushtng force F about polnlA fs equa.l LO '--------'m 
{rounded to on& decimal place). 

Do you know tbe answer? 

I KNOW IT I ~IN~ ~~I NO IDEA 



Determine the force F required to start to tip the cabinet 
shown below If the mass of the cabinet Is 50 kg. 

Iii 

SMAU. i?illiii!ii LAR« 

>I< 

Type your answer in the box. 

tnfonnat:ion on th& toroos and mome-nl a I'm distances about point A appeam ln tha table below. 

Force Magn~ude Moment 
arm 

distance 

Fw 490.5 1'1 0.45m 

F X 1.8m 

By equating the moments of the two forces about point A. we can solve tor the unknown force F. 

Hence the total effort. mqulred is L-------' N (rounded to two decimal ptacos). 

Do you !<now the answer? 

I KNOW IT !~IN~ ~0 UNSIJAf NO IOEA 



Prove a given system of forces is in rotational equilibrium 

To prove that a given system of forces is in rotational equilibrium, we must demonstrate 

that t he algebraic sum of all moments about any point is zero. 

A bridge structure is subjected to forces as shown below. Prove that the structure is in 

rotational equilibrium. 

wind 

E ., 
7.5 kN 

29 kN 50 kN 10 kN 31 kN 

112 

GIVE FEEOBACII CONTINUE > 



Prove a given system of forces is in rotational equilibrium 

We must demonstrate t hat the algebraic sum of all moments about every point is zero. 
Take the algebraic sum of all moments about the left-hand support A : 

'LM A = 50 X 20 + 10 X 30 - 7.5 X 8 - 31 X 40 

LMA = O 

Therefore the moments are balanced about point A . 

Take the algebraic sum of all moments about the right-hand support B : 
L.M B = 29 X 40 -50 X 20 - 10 X 10 - 7.5 X 8 

:. '£Ms = 0 

Therefore the moments are balanced about point B. 

CIVE FEEDBACK 

2/2 



Type your answer in the box. 

Cslculate the algebraic sum of all moments about the right-hand support B. 

Foroe Moment Moment about Moment direction M A (algebraic sign) 
magnitude arm point A 

distance 
-

I 6kN 2m 12 kN.m I clockwise 12 kN.m . 
15 kN I 4m 60kN.m clockwise II 

kN.m 

8kN 2m 16kN.m a nticlockwise 
.::: 
~ 

kN.m 

7 kN 8m 56kN.m anticlockwise 
---, 

kN.m 

kN.m ] 

Do you know the answer? 

I KNOW IT TIIINK SO UNSURE NO IDEA 



This structure is in rotational equilibrium. 

True 

False 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



Type your answer in the box. 

Determine all revelant information of all moments about the left-hand support A. 

Force Moment arm distance Moment Moment direction 
magnitude 

6 kN 2m I l kN.m I 
15 kN 4m 60kN.m I 
8 kN I l m 48kN.m clockwise 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Type your answer in the box. 

Calculate the algebraic sum of all moments about the left-hand support A. 

Foroe Moment Moment about Moment direction M A (algebraic sign) 
magnitude arm point A 

dlstanoe 

6kN 2m 12 kN.m clockwise II 
kN.m 

-

15kN T 4m 60kN.m anticlockwise 
-

-

kN.m 

8kN 6m 48kN.m 

I 
clockwise II 

kN.m 

kN.mJ 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Type your answer in the box. 

Determine all revelant information of all moments about the right-hand support B. 

Force Moment Moment Moment direction 
magnitude arm 

distance 

6kN 2m 12 kN.m clockwise 

15 kN 4m 60 kN.m I 
8kN 2m I l kN.m a nticlockwise 

7kN 8m I l kN.m I 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



The truss shown below is subjected to multiple loads as 
Indicated. Prove the structure Is In rotational equilibrium. 

Iii 

6 kN 

2m 

A 8 

2 2 2 2 
m m 15 RN m 

SMAll 11 :!1!1111 I.JIR1l[ 

>I< 

Type your answer in the box. 

Detefmlne au mv&lanL infol'matlon of all moments abOut tha left-hand support A. 

Force Moment <Jfrll distance Momem Moment direction 
magnitude 

Skf'l 2 m kN.m 

15kN 4m 60 kN.m 

S kill m 48 kN.m clockwise 

Do you know the answer? 

I KNOW IT Ut!SURF NO IDEA 



The truss shown below is subjected to multiple loads as 
Indicated. Prove the structure Is in rotational equilibrium. 

Iii 

6 kN 

2m 

A B 

2 2 2 2 
m m 151/N m 

SMAll lr1 =·WIII IJlll« 

>I< 

Type your answer in the box. 

Ccllcutate the atgebrale sum of all moments about th& left·hand support A. 

Fon:e Moment Moment abovt Moment direction M A (atgebfaic: sign} 
magn~ude arm point A 

distanoe 

S kN 2 m 12kN.m clockwise 
kN.m 

15kN 4m 60kN.m antlctockwt:se 
kN.m 

8kN 6m 48kN.m ctockvtise 
kN.m 

[~MA II kN.ml 

Do you kno11 the answer'? 

I KNOW IT UNSUR~ NO IDEA 



The truss shown below is subjected to multiple loads as 
indicated. Prove the structure Is in rotational equilibrium. 

Iii 

6 kN 

2m 

A B 

2 2 2 2 
m m 151/N m 

SMAll II =~Wiil I.JIRa: 

>I< 

Type your answer in the 001. 

oetatmlne an mve~ant informatJon or au moments abOut the rtght·hand support B. 

Force Moment Moment Moment direction 
magnitude arm 

d!Stanoo 

6kN 2 m 12kN.m tlockwlse 

15kN 4m 60kN.m 

SkN 2 m kN.m antlclockwlse 

7kN S m kN.m 

Do you knolY t(le answer? 

I KNOW IT THIN~ ;\U UN~UR£ NO IDEA 



The truss shown below is subjected to multiple loads as 
indicated. Prove the structure Is in rotational equilibrium. 

liil 

6 kN 

2m 

A B 

2 2 2 2 
m m 15~ m 

SMALL LARilE 

>l< 

Type your answer in the box. 

cak:ulate th& algebraic sum ot all moments abOut the fight·hand support B . 

Force Moment Moment about Moment direction . MA (algebraic sign) 
magnitude arm point A 

distanoo 

6kN 2 m 12kN.m clockwise 12kN.m 

15kN 4m 60 kN.m clockwise 
kN.m 

8kN 2m 16kN.m anticfockwise 
kN.m 

7kN 8m 56kN.m a ntlclockwfse 
kN.m 

IIM·II kN.ml 

Do you know tbe answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



The truss shown below is subjected to multiple loads as 
indicated. Prove the structure Is in rotational equilibrium. 

Iii 

6 kN 

2m 

A B 

2 2 2 2 
m m 15 RN m 

SMAll 111 =11!1111 IJIR1l[ 

This structure is in rotational equilibrium. 

Click the correct answer. 

True 

False 

>I< 
Oo you know tbe ans\\•er? 

I KNOW IT UNSURE NO IOEA 



< 

< 

The three conditions of equilibrium for a system of non-concurrent forces 

It has already been established that for a system of forces to be in equilibrium, the resultant force. i.e. the 
result of vectorial summation of all forces, must be equal to zero. That is, there must be no resultant push 

or pull. 

This statement is often interpreted mathematically in terms of the perpendicular, usually horizontal and 

vertical, components of the resultant force and can be stated simply as: 

Only when both of these conditions are satisfied is the force equilibrium established. 

These two condit ions were found sufficient for the study of equilibrium of concurrent force systems. 

However, under certain conditions rotation may occur. 

An additional condition for equilibrium of a system of non-concurrent forces must, t herefore, ensure the 

absence of a turning moment. stated as: 
'E.M = 0 

GIVE FEEDBACK u ., 



Select the correct conditions required for equilibrium of a system of non-concurrent forces. 

Check all that apply_ 

0 The resultant sum of all horizontal component forces must equal zero 

0 The resultant sum of all vertical component forces must equal zero 

0 There must be no resultant turning moment about any points 

0 The body must remain stationary 

0 There must be no resultant turning moment about a specfic point 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



< 

< 

< 

The three equations of statics 

Collectively the t hree conditions of equi librium are known as the three equations of statics. 

These equations may be used to prove that a particular structure is in static equilibrium under the 

combined action of a system of non-concurrent forces. 

1. The sum of x components of all forces must equal zero: 

EFx = 0 

2. The sum of y components of all forces must equal zero: 

EFy = 0 

3. The sum of moments of all forces about any point must equal zero: 

EM= 0 

GIVE FEEDBACK 



Select the correct three equat ions of statics. 

Check all that apply. 

0 L.Fy = 0 

0 L.Fx = 0 

0 L.M = 0 

0 L.M n= O 

0 L.M v = 0 

0 L.F = 0 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Prove a given structure is in static equilibrium 

The structure is subjected to forces as shown below. 

Using the three equations of statics, prove that the structure Is in equilibrium. 

12 kN 

20 kN 10 kN 

2m 2m 2m 2m 

T T 

Problem Equations Step 1 Step 2 Step 3 Conclusion 

1 

GIVE FEEDBACK 



Prove a given structure is in static equilibrium 

r 
The three equations of static areas follow. 

Problem 

GIVE FEEDBACK 

The sum of x components of all forces must equal zero: 
'LFx = 0 

The sum of y components of all forces must equal zero: 
'E.Fy = 0 

The sum of moments of all forces about any point must equal zero: 
"LM =0 

Equations Step 1 Step 2 Step 3 

T 

Conclusion 

1 



GIVE FEEDBACK 

Prove a given structure is in static equilibrium 

Note trle algebraic slgn convention for 
lefi dlreott<>n force Is netat!lle and 
fight direction force Is poslttve . 

.• ... 0 ----

r 

Problem Equations 

l 

12 kN 

22 kN 20 kN 

2m 2m 2m 

From the figure we can identify two horizontal forces. 

Hence the sum of horizontal forces: 
'LF, = 40kN - 4Qk.N = 0 

Step 1. Step 2 Step 3 

10 kN 

2m 

T 

Conclusion 

1 



GIVE FEEDBACK 

Prove a given structure is in static equilibrium 

Note trle algebraic slgn convention for 
dO'NIHIIrectlon force Is negatfve and 
up.dlrectlon force Is poslttve. 

..... 0 ----

r 

Problem Equations 

l 

From the figure we can identify four vertical forces. 

Hence the sum of vertical forces: 
'LFy = 22kN + lOkN- 20kN- !2kN = 0 

12 kN 

20 kN 

2m 2m 2m 

T 

Step 1 Step 2 Step 3 

2m 

T 

1 

10 kN 

E 
~ -

Conclusion 



GIVE FEEDBACK 

Trycalcukltfng moments about an 
altematlve point. e.g. the right-hand 
sup,x>ft. to be satlsfted that the sum 
of the moments Is equaJ to zero 
trrespectlve of Ule posiUon ot the 
reference point 

·~ .. 0 ----

r 

Problem 

l 

Prove a given structure is in static equilibrium 

EP1 = 22ki'< + 10kN- 20kN- 12kN = 0 l211N 

4U kN -~o-~-"/'o:------;,l.i,_----r 

~~f~~t. 
Z!~N I ~.N lOo;~ 
~~~ 2 nl Zm 

Sum of moments about left-hand support: 

'LM = 20 X 4 - 10 X 8 + 12 X 6 - 40 X 1.8 = 0 

Note the algebraic sign convention for anticlockwise direction force is negative and clockwise 

direction force is positive. 

All three equations are satisfied. The conclusion is that the structure is in static equilibrium. 

T 

Equations Step 1 Step 2 Step3 Conclusion 



Prove a given structure is in static equilibrium 

Proving equilibrium of a static structure, such as a truss or a bridge span, when all forces (i.e. all loads and all reactions) acting on it are known 

and taken into account does not In itself seem to be much more than a mathematical exercise of confirming by calculation the obvious fact that 

any static structure must always be in equilibrium. 

It is quite a different matter when some of the forces, usually support reactions, are not given. 

In this case the three equations of statics become a powerful tool which enables us to calculate up to three unknown reaction forces for any 

structure which is presumed to be in equilibrium. This will be made use of for the analysis of beams, frames and trusses. 

r T 

Problem Equations Step 1 Step 2 Step 3 Conclusion 

l 
GIVE FEEDBACK 



The truss shown below is subjected to multiple loads as 
Indicated. Prove the structure Is In static equilibrium. 

liil 
8 kN 

A 6 kN 

2 2 2 2 
m m 15!lN m 

!MAll 1 :', r.!lljQI lAR« 

Type your answer in the oox. 

Sum or horizontal rorces: 

!Px •L_ __________ _J~- L_ __________ _JkN•c===========~ 

>I< 
Do you know the answer? 

I KNOW IT UNSU~f NO IDEA 



The truss shown below is subjected to multiple loads as 
Indicated. Prove the structure Is In static equilibrium. 

liil 
8kN 

A 6kN 

2 2 2 2 
m m 15!lN m 

!MAll 1 :', r.!lljQI lAR« 

Type your answer in the oox. 

sum or ve~l ror'Ces: 

!P
1 

• - BI<N + L._ ______ _jkN + L._ ______ _j i<N .,_ ______ _j kN 

>I< 
Do you know the answer? 

I KNOW IT UNSU~f NO IDEA 



The truss shown below is subjected to multiple loads as 
indicated. Prove the structure Is in static equilibrium. 

Iii 
8kN 

A 6kN 

2 2 2 2 
m m 15RN m 

IMAU. l11 1
·11

11lll lAR$£ 

Type your answer in the 001. 

oetetmln& au mvolanl intof'mation of all moments abOut the light-hand support B. 

Force Moment Moment Moment direction 
magnitude arm 

d!Stanoo 

6kN 2m 12kN.m tlockwlse 

15kN 4m 60kN.m 

SkN 2 m kN.m antlclockwlse 

7kN Sm kN.m 

Do you knolY t(le answer? 

I KNOW IT THIN~ ;\U UN~UR£ NO IDEA 



The truss shown below is subjected to multiple loads as 
indicated. Prove the structure Is in static equilibrium. 

Iii 
8kN 

A 6 kN 

2 2 2 2 
m m 15RN m 

IMAU. 111,·ll'll11 lAR$£ 

>I< 

Type your answer in the box. 

calculate the algebraic sum of an mom&nts about too fight-hand support B. 

Force Moment Moment abovt Moment direction M A (algebfaic $ign} 
magn~ude arm point A 

distanoo 

SkN 2 m 12kN.m clockwise 12 kN.m 

15kN 4m 60 kN.m clockwise 
kN.m 

8kN 2 m 16kN.m antidockwfse 
kN.m 

7kN 8m 56kN.m a ntlclockwlse 
kN.m 

itM•II kN.ml 

Do you know the answer? 

I KNOW IT ~t4Sl1Rf NO IDEA 



The truss shown below is subjected to multiple loads as 
Indicated. Prove the structure Is In static equilibrium. 

liil 
8kN 

A 6kN 

2 2 2 2 
m m 15RN m 

!MAll lr1

1;•11
11il lAR« 

This structure is in static equilibrium. 

Cllcl< the correct answer. 

True 

>I< 
False 

Oo you know tbe ans\\•er? 

I KNOW IT liN SURf NO IOEA 



I 

Resultant of non-concurrent force system 

In studying concurrent forces and static equilibrium, we learned that the resultant force has that single 

force which has exactly the same effect as a given system of forces. 

We also learned how to determine its magnitude and direction by the force polygon method or by 

mathematical addition of forces. 

This is applicable to t he case of non-concurrent forces acting on a rigid body, except that each force in such 
a system will also tend to rotate the body upon which it acts about some axis. 

< 

In order to determine the resultant of a non-concurrent force system, it is therefore necessary to consider 
the rotational effect of the force system in addition to the linear push- pull action of the forces. 

GIVE FEEDBACK .... 
'"' 



What is the main difference between determining the resultant of a concurrent force system and a 
non-concurrent force system? 

Click the correct answer. 

It is necessary to consider the rotational effect of the force system in a non­
concurrent force system (in addition to the linear push- pull forces). 

There is no difference. 

When the resultant of a non-concurrent force system is not zero, it is can still be in 
equilibrium. 

Mathematical addition of forces does not apply to a non-concurrent force system. 

Do you know the answer? 

I KNOW IT THINH SO UNSURE NO IDEA 



Steps required to solve for the resultant of non-concurrent forces 

When solving for the resultant of a non-concurrent force system, the problem usually 

consists of two steps: 

1. Finding the magnitude and direction of the resultant force by mathematical or graphical 

addition of all forces 
< 

< 

2. Finding the location of the resultant relative to an arbitrary reference point, usually by 
applying the principle of moments 

GIVE FEEDBACK '"' IClll 



Match the correct steps for solving the resultant of a non-concurrent force system. 

Step 
1 

Step 
2 

C-:1 

C-:1 

I KNOW IT 

j Drag statements on the right to match the letl 

Finding the magnitude and direction of the resultant force by mathematical or 
graphical addition of all forces 

Finding the location of the resultant relative to an arbitrary reference point, usually 
by applying the principle of moments 

Do you know the answer? 

THINK SO UNSURE NO IDEA 

····· ..... ..... ..... ····· 



Determine the magnitude, direction and location of the resultant of the system of forces Example l/5 

Example 
A concrete foundation for a brick wall must support two vertical loads and a horizontal load 

due to soil pressure on one side, as shown below. Its own weight is also shown .. Determine 
the resultant and check if it passes through the base of the foundation, as required for 
stability. 

120 mm ~~J------ 120 mm 
I 

72 kN 72 kN 

/ 

mm mm 

GIVE FEEDBACK !CONTINUE > . - - . - -



Determine the magnitude, dir-ection and location of the resultant of the system of forces-Example 2/5 

Solution 

Sum of vertical forces: 

Sum of horizontal forces: 

< BACK 

120 mm 120 mm 

I 
t 

72 kN 72 kN 

64 kN 

• t 
\ 
\ 

' 106 kN 

ZFv = 06 + 72 + 72 

= 250kNdown 

"LFn = 64kNto the right 

!CONTINUE ,:> I 



Addition of forces states that by arranging 
given forces in a tip-to-tall fashion, the 
resultant of the forces is found by connecting 
the tall of the first force and the tip of the last 
force. 

Detennine the magnitud~ direction and location of the resultant of the sys1em of forces.--Example 

Sum of vertical forces: 

.EF v = 106 + 72 + 72 

= 250kNdown 

Sum of horizontal forces: 

2-Frr = 64kNtothe right 

The resultant of the forces can now be solved by mathematical or graphical 

methods. 

Resultant of all f01oes 
Uv = 250kN 

Using Pythagoras's theorem the resultant Is: 

< BACK GIVE f'EIDBACK 

F = J2502 + 64 2 

= 258.1 kN 

CONTINut> - . 



Determine the magnitude, direction and location of the resultant of the system of forces---fxample 4/5 

120mm 

72kN 72 kN ~ 

• t 8 ..-
\ 
\ 2 

.)C 

' t\1 

1106 kN !'. 

64 kN _... 
2 

/8 
~ 

~ 
0 

d ' f) 64kN 

The angle to the horizontal: 

e = tan - 1 
250 

64 

To locate the resultant, take moments about a convenient point, such as midpoint of the 
base: 

<BACK GIVE FEEDBACK 

LM = 64X 0.4- 72 X 0.12 + 72 X 0.12 

= 25.6kN. m 



Parts ofthls solution can also be done 
graphically. For example, tl1e magnitude and 

direction of the resultant can conveniently be 
Found by constructing the polygon of forces. 
However, the principle of moments, for 

determining the distanced Is best dealt with 
mathematically. 

The alternative graphical method, known as the 
funicular (from funis meaning rope) polygon, 
involves a special construction procedure 

which locates a point on tlle line of action of 
the resultant force, thus locating the force 
itsetf. It ls not discussed here. 

Detennine the magnitude, direction and location of the resultant of the system of forees Example 

Distance of the resultant from the 
midpoint: 

d=LM 
F 

25.6k:N .m 

258.lkN 

= 0.0992m 

= 99.2mm 

120 mm -jl~:-+-- 120 mm 

mm mm 

<BACK GIVE FEEDBA.CK 

The point at which the resultant 
Intersects with the base can be 

calculated from: 

d 
OB = 

sin 75.6° 

992 
-

sin 75.6° 

= 102.4mm 

72 kN 72 kN z 
""" t t 8 ... 

' \ z 
'"' \ C'll 

106 kN ,... 
64 kN - z 

""' B N ..... 
0 ,a 

64 kN d 



Determine the magnitude, direction and location of the resultant of the system of forces 1/4 

When solving for the resultant of a non-concurrent force system, the problem usually 

consists of two steps: 

1. Finding the magnitude and direction of the resultant force by mathematical or 

graphical addition of all forces 

2. Finding the location of the resultant relative to an arbitrary reference point, usually by 

applying the principle of moments 

Here we can use the two-steps method to determine the 
magnitude, direction and location of the resultant of the 
system of forces. 

GIVE FEEOBACII 

~h .. 

I 
'I 

..... 
j 

'" .. 

..,.,,. I 
I ~ : "' I' I ' I I , . 

-1 

CONTINUE > 



Determine the magnitude, direction and location of the resultant of the system of forces 2/4 

d 

19 kN •I 10 kN 15 kN 

The magnitude of the resultant force: 

That is, 22 kN down. 

CIVE FEEDBACK 

F = 'LF 

= - 10 + 15 - 19 - 8 
= - 22kN 

CONTINUE > 



Determine the magnitude, direction and location of the resultant of the system of forces 3/4 

The location is found by taking moments about an arbitrary point, such as point A: 

I.M = 10 X 0 - 15 X 1 + 19 X 2 + 8 X 4 

= 55kN.m 

This sum must be equal to the moment of the resultant about the same point: 

CIVE FEEDBACK 

F X d = 55 kN. tn 

22 kN x d = 55 kN. m 

:.d = 55kN.m 
22kN 

= 2.5 L1l 

CONTINUE > 



Determine the magnitude, direction and location of the resultant of the system of forces 4/4 

It is therefore possible to replace the given system of forces by a single downward force 

of 22 kN, located at 2.5 m from point A , as shown. 

I· 
10 kN 15 kN 

d 

I~ " a kN 

I~ 
I 

CIVE FEEDBACK 



In the figure below. determine and locate the resultant force, stating the 
distance along the horizontal line from point A. 

16k 
20kN 

12kN 

4m l 3.5m 

A 

MEDIUM LABG£ 

>I< 

Type your answer in the box. 

The magnitude of the resultant force Is kN. 

Hint F = "f..F and show your answer with the correct sign. 

The direction of the resultant force is 
~--------------~ 

Do you know th& answer? 

. . . 

I KNOW IT !UNSURE NO IDEA 



In the figure below. determine and locate the resultant force, stating the 
distance along the horizontal line from point A. 

16k 
20kN 

12kN 

4m l 3.5m 

A 

MEDIUM LABG£ 

>I< 

Type your answer in Ule bo:x. 

The $Urn oif momenlt$ abOUt point A is r!;!Qt;;::J~ ~®· 1.....--------....J kN.m. 

Hint M = I.M and show your answer with the correct sign. 

Do you know the answer? 

li KNOW JT UNSURE NO IDEA 



In the figure below. determine and locate the resultant force, stating the 
distance along the horizontal line from point A. 

16k 
20kN 

12kN 

4m l 3.5m 

A 

MEDIUM LABG£ 

>I< 

Type you:r .answer· i n th:e bcrlb 

The sum of moments :l:.M about poim A is equal to 198 lkN.m. 

The magnitude of the resultant ifo r;ee P is a sing1e downward force of 48 kN. 

Wiiith the given information, t he location of the resultant force is loca.ted a.t m from 
point; A (rou!iu;:led t<O two ·decim~~ pl~~s), '----------' 

1-!i FI~ Th$ $i,Jim Q'f MOM~li't$ iY!ll$1: ~Ual tO tlh~ Fn¢m~nt Of the rr~.uJtcim ~F¢\!i"'d PO~ FI'I!, I'¢ 

P • ,.tf =EM 

Do you know tile answer'? 

I KNOW :IT THINK' SG UNSURf. NO IDEA 



Determine the resultant of the loads acting on the structure shown below 
and locate It relative to the left ..nand support. 

fi 

tf'v 

I.Fu 

MEDIUM LAR~ 

>I< 

Type your answer in the box. 

Sum of the vertlcal forces: 
l:Pv- 8 kN + ~--------------- I<N+ kN 

----------------~ 

The total Is equal to '---------- kN In the _______________ __, dl reotfon. 

Do you know the answer'! 

I • 

I iKNOW IT 'JHI.HH. :so I 
' 

iUNSUB1. I NO IDEA 



Determine the resultant of the loads acting on the structure shown below 
and locate it relative to the loft-hand support 

8 kH 12 kH 10 kN 

2m 
< ) 

1m 

5m 

J:Fu 

MEDIUM WCE 

>I< 

Type your answer in the boL 

Sum of the horizontal foroes: 

The total is equal to~----- kN to the right 

Do you know the answer? 

-

I KNOW rr mHfNJ( ·SO ! 

I 
IJMSURE NO lDEA 

-- -- -- --- --- - - -



Determine the resultant of the loads acting on the structure shown below 
and locate it relative to the left-hand support. 

II 
SkN 12 kN 10 kN 

14 kJi-::i\ _ _,J~J::...._2_m_>~1~< -2-m~)l 

5m 

MEDlUM LARGE 

Type yo:rrr answer in 'le box. 

The total sum of horizontal forces is 14 kN to ~he ri'ght and the totai sum of horizontai 1o:roes rs 30 kN down. 

The res.u,tant force is therefore kN (rom;ded ~ll one dooimal place. 
~------------~ 

>I< 
Do you know the answer? 



Determine the resultant of the loads acting on the structure shown below 
and locate it relative to the left-hand support. 

II 
SkN 12 kN 10 kN 

14 kJi-::i\ _ _,J~J::...._2_m_>~1~< -2-m~)l 

5m 

MEDlUM LARGE 

>I< 

lJl)e yonr .answer in the boL 

The. total sum of horizonta ~ fo:mes ~s 14 kN to 'tthe right andl 'tthe total sum of horizontal forces is 30 kN down. 

Do you lmow the answer? 

·-------~ 

li KnOW :11 Ill""-'"··---·~ 

~~UrtS.UitE- NO IDEA 
·-------· 



Determine the resultant of the loads acting on the structure shown below 
and locate it relative to the left-hand support. 

II 
SkN 12 kN 10 kN 

~~~---J~!~<-2_m~>l~< -2_m~)l 

5m 

MEDlUM LARGE 

>I< 

Type yoUli ,answer in tile box.. 

To locate th& resu,tant we must take the sum of mom,ent:s abou't the left-harndl surpport. 

The sum of momenits about the left-hand support ts equal to .__ _______ ___.J kN.m. 

Hint: M "" L.M anci show your ~ lflswer with the CQrrect sign, 

The dlurection of the sum of moment is ~,__ _______ __[ 

Do ;you bow the answer"l 

------ -------

' 

1 KNOW IT THINK SO UNSURE · NO· IDEA 



Determine the resultant of the loads acting on the structure shown below 
and locate it relative to the left-hand support. 

II 
SkN 12 kN 10 kN 

~~~---J~!~<-2_m~>l~< -2_m~)l 

F.F 11 

5m 

MEDlUM LARGE 

>I< 

Tme your answer in rile box., 

The perpeiildioul:ar dista1nce from the.lefll !hand support to the line of act:iCD:n of the tresul~ant is equ:a1 :to, 
m (rourtdedl tG two Gfe.cl,rnal places). 

~------------~ 

Hint ,d = _(t_M_) 
p 

I KNOW IT 

Do :roo know tbe answer? 

'THINij' SO U,.SURE 
I 

NO IDEA 



In the figure below. determine and locate the resultant 
force, stating the distance along the horizontal line from 
point A. 

400 kN 

1 
300kN 

150kN 

1 5m T 5m 

A 

SMAll II'·Wit1ll I.JUI$( 

Type your answer in the oox. 

TOO magnitude of the resultant fore:& IS kN. 
Hint p = '£F and shO\vyouransw&rwith me correct sign. 

The direction of the resultant force is ,_ _______ J 

>I< 
Do you know tbo answer? 

I KNOW IT UNSIIRt NO IDEA 



In the figure below. determine and locate the resultant 
force, stating the distance along the horizontal line from 
point A. 

400 kN 

1 
300kN 

150kN 

1 5m T 5m 

A 

SMAll II'·Wit1ll I.JUI$( 

>I< 

Type your answer in the oox. 

TOO sum 01 moments &bout point A is equal to '---.,.,.-,..,,.,.,----~ kN.m. 
Hint: M -= EM and show your answor with Lhe corrsct sign. 

The direction of the sum of moment is '--------J 

Do you know tbo answer? 

I KNOW IT UNSIIRt NO IDEA 



In the figure below. determine and locate the resultant 
force, Slating the distance a tong the hofizontetllne from 
point A. 

liil 

400 kN 

1 5m 

300kN 

1 
150 kN 

T 5m 

A 

SMOill 

Type your answer in the box. 

The sum of moments EM about point A is equal to 2250 kN.m. 
The magnitude of the resultant force P Is a single downward force of 550 kN. 

Wlth the gi\•en information, the IOcatiOtl of the r&$\.llt.ant forte iS located at '--------'m from 
point A (rounded to two dedmat plaoos). 

Hint: Tile sum of moments must equal to U"te moment of the resultant around polnt A: 
Jl-d • !.M 

Do you kno" t110 answer? 

I KNOW IT UNSUH HO IDEA 



Force couple 

We can determine the turning effects of single forces. 

A couple consists of two forces which have: 
1. The same magnitude 
2. Parallel lines of action 
3. Opposite sense 

diameter 

D 

Forces on a steering wheel illustrating a couple 

< 

GIVE FEEDBACII 

A couple Is a pair of actual forces applied to a structure or 
component at specified points. A couple always consists of 

equal and opposite forces acting along parallel lines. 

When your hands are on two opposite points of the steering 
wheel of a car, one hand pushing up and the other pulling 
down with equal but opposite forces, the result is a couple. 

< 

The algebraic sum of the two forces is equal to zero, I.e. 
there Is no net push or pull In any direction. 

However, we can see fnom the steering wheel that there 
will be an overall turning effect. 

•• n 



Which of the following are examples of a couple? 

Check all that apply. 

0 Moving the steering wheel with two hands 

0 Turning a key in a lock 

0 Moving a steering wheel with one hand 

0 Pushing on the centre of steering wheel 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



A couple consists of two forces which have: 

Check all that apply. 

0 Same magnitude 

0 Parallel lines of action 

0 Different magnitude 

0 Opposite direction sense 

0 Same direction sense 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Moment of a couple 

Moment of a couple is a pure turning effect produced by the couple, expressed in newton 
metres. A couple has no resultant force in any direction; the pair of forces cancel each 
other out. 

When your hands are on two opposite points of the ste,ering wheel of a car, one hand 
pushing up and the other pulling down with equal but opposite forces, the resu lt is a 
couple. 
Even though there is is no net push or pull in any direction, there is a turning effect on the 
wheeL 

F F 

diameter 

D 

1/3 

GIVE FEEDBACK CONTINUE :> I 



Moment of a couple 2/3 

The turning effect can be calculated relative to any point. The obvjous point of reference for 
calculating the moments is the centre point of the wheel, which is the axis of its rotation .. 
The total moment is: 

D D F is the magnitude of each 
M=F X +F X-

2 2 of the forces in the couple. 

=F D + D 
2 2 

=F X D 

D is the distance between 
them, in this case the wheel 

diameter. 

The sense of the total moment is clockwise for the forces shown. 

< BACK GIVE FEEDBACK 

diameter 

D 

CONTINUE :> 
' 



Moment of a couple 

The product of one of the forces and the distance between them is called the m.oment of 

the couple. One important characteristic of a couple is that its moment, M = F X D, does 

not depend on the choice of the referenc-e point. For example, the moment about point A 

is: 

MA = F XD + 0 

=F XD 

This can be checked by repeating the same calculation about any other point on, or even 

outside, the wheel. 
d lamet~r 

D 

I 

<BACK GIVE FEEDBACK 

3/3 



Select the statements that correctly describe the moment of couple. 

Check all that apply. 

0 Moment of a couple is a pure turning effect produced by the couple 

0 A couple has no resultant force in any direction; the pair of forces cancel each other 
out 

0 A couple moment expressed in newtons 

0 The algebraic sum of forces is not zero, hence a pushing and turning effect 

Do you know the answer? 

I KNOW IT THINii SO UN SURf NO IDEA 



Which of the following is the correct formula for calculating the moment of a couple? 

M = F ·D 

L.lvi = 0 

lvf = M 1 + i\·h 

M = L.( F ·d ) 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



Determine the moment of a couple 1/2 

Determine the moment of the couple acting on the steering wheel in the figure below if the 
wheel diameter is 350 mm and the forces applied as shown are each 5 N. 

Also determine the forces required to produce the same moment if the hands are held on 
the spokes, halfway between the axis and the rim of the wheel.. 

A 

F 

GIVE FEEDBACK 

J 

I 

I 

-

F 

diameter 

D 



Determine tbe moment of a couple 

Moment of the couple: 

M =FxD 

= SN X 0.35m 

= 1. 75 N. m clockwise 

To produce the same moment if the hands are held on the spokes, halfway between the 
0.35m 

axis and the rim of the wheel, where D = = 0.175 m, the forces required can be 

calculated from M = F x D: 

CIVE FEEDBACK 

2 

1.75N.m = F X0.175m 

:. p = 1.75N.m 
0.175 m 

= lONeach 

2/2 



A screw jack is operated by means of 40 N forces applied 
at each end of a double arm, at right angles to it. 
Determine the magnitude of the turning moment if t he 
total length of the double arm is 700 mm. 

(i 

~ U _j --~-L_ill EJ ~ 
~j~~~~~EJ 

Clear 

Undo 

Click and type your answer here 

CHALLENGE SUBMIT SHOW ANSWER 



Equivalent couple 

Here are some Important summary points. 

1. A couple always consists of a pair of equal and opposite forces applied to a structure or component. 

2. A couple has no resultant force in any direction; the pair of forces act along parallel lines and cancel each other out. 

3 . Moment of a couple is a pure turning effect produced by t he couple, expressed in newton metres. 

The magnitude of the moment of a couple is independent of the reference point about which it is calculated. Therefore, the 
simplest way to determine it is by multiplying one of the forces by the perpendicular dist ance between them. 

< 

< 

< 

The magnitude of the moment is also independent of the actual location of the couple on the structure or component to 
which it is applied. Therefore, a couple can be relocated to any other position without affecting the overall balance of 

moments. 

An equivalent couple is any other couple with the same magnitude of t urn ing moment and the same directional sense. A 
given couple can be replaced by an equivalent couple applied elsewhere on the body without changing its turning effect. 

GIVE FEEDBACK ... 
"" 



Type your answer in the box. 

L----:.,..--,,-----:-c-----,---' couples are couples which involve different forces but produce with the same 
magnitude ofturning moment and the same directional sense. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Type your answer in the box. 

A given couple can be replaced by an equivalent couple applied elsewhere on the body without changing its 

'-----------' effect. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Equivalent force-moment system and equivalent force-couple system 

Two forces systems are said to be equivalent if they result in the same resultant force 

(magnitude and direction) and produce the same resultant moment about any point. 

1/4 

When a force F is applied at a point on a rigid body, such as point A on the spanner shown 

in Figure (a), its effect can be viewed from some other significant point, such as the 

centreline of the bolt, point B. 

In this case, the bolt (point B) experiences a downward push equal to the applied force F, 

as well as a clockwise turning moment M caused by force F about point B. 

300 mm 60 N 

_ , _ ---- --+--+--

B A 

<•) 
(a) Force applied to a spanner to turn a bolt 

GIVE FEEDBACK CONTINUE '> I 



Equivalent force-moment system and equivalent foree-couple system 

If we were to draw a separate diagram of the bolt itself, showing the effect of the applied 

force as viewed from B, the force F woufd be represented by the usual arrow symbol, and 

2/4 

the turning moment indicated by the symbol 0 placed around point B, as shown in Figure 

(b). 

300mm 60 N 
60 N 

-----

B A 

(a) (b) 

(a) Force applied to a spanner to turn a bolt (b) The head of the bolt showing the turning moment 

< BACK GIVE FEEDBACK CON11NUE > 
' 



Equivalent force-moment system and equivalent force-couple system 

It is usually sufficient to leave the turning moment symbol as it is, without any further 
interpretation .. 

However, in reality, this pure turning moment is a result of a force couple acting on the 

head of the bolt, as shown in Figure (c). 

3/4 

In fact, if the distance between the flats of the hexagonal bolt head is known, it is possible 

to work out the magnitudes of the forces that constitute this couple. 

300mm 60 N 60 N 
60 N 

18 N.m 

B 
A 

(I) (b) 

(a) Force applied to a spanner to turn a bolt (b) The head of the bolt showing the turning moment 

(c) The force and couple acting on the head of the bolt 

<BACK GIVE FEEDBACK CONTINUE :> 



Equivalent force-moment system and equivalent force-couple system 

60 N 

(b) 

60N 

I 

(c) 

18 N.m 

4/4 

Diagrams (b) and (c) represent the force-and-moment system and force-and-couple system 

acting at point B, which is equivalent to the action of force F applied at point A. 

Note that on both diagrams only the magnitude and clockwise directional sense of the 

turning moment are stated, without spelling out the individual force magnitudes in the pair. 

There are situations, such as that il lustrated by the following example, where it is necessary 

to know the individual forces in the couple and the perpendicular distance between them is 

well defined. 

,GIVE FEEDBACK 



An equivalent force-couple system is a single force and a moment couple acting at a single point 
that is equivalent to the orginial set of forces and moments. 

Click the correct answer. 

True 

False 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
I I 



Type your answer in the box. 

Two forces systems are said to be if they result in the same resultant force 
(magnitude and direction) and produce the same resultant about any point. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE I NO IDEA 
' 

' 



Calculate the force and turning moment in an equivalent force-moment system-&ample 1/2 

Example 

A bolt is being tightened by a force of 60 N applied to a spanner at a distance of 300 mm, 
as shown below. 

What is the force and turning moment acting on the bolt at point B? 

300mm 60 N 
60 N 

18 .m 
-- - --· - --· - ·--t---+- · -

B A 

GIVE FEEDBACK 



Calculate the force and turning moment in an equivalent force-moment system-Example 2/2 

Solut ion 
If the distance between the flats of the hexagonal bolt head is known, it is possible to 

work out the magnitudes of the forces that const itute this couple. 

(<) (b) 

-~- "~ 
' (C) 

(a) Force applied to a spanner to turn a bolt (b) The head of the bolt showing the turning moment 

(c) The force and couple acting on the head of the bolt 

The force-moment system at B comprises a force of 60 Nand a turning moment equal to: 

M = 60NX 0.3m 

= 18 N . m clockwise 

CIVE FEEDBACK 



Determine the equivalent force-moment system at point A 
(the built-In end of the cantilever beam) shown below. 

liil 
kN 

>I< 

Type your answer in the box. 

The foroo-momenlsystem comprises a ,_ ______ _,force of ,_ ______ _,kN at 1.5 
m from potnt A. 

Do you know tbe answer? 

I KNOW IT 
I 

I ~IN~ ~~I NO IDEA 



Determine the equivalent force-moment system at point A 
(the built-In end of the cantilever beam) shown below. 

liil 
kN 

>I< 

Type your answer in the box. 

The foroo-momenlsystem at A comptlses a force Of 1.3 kN aM a torning moment ot '---------' 
kN.m In the dtmcuon (rounded to two dacfmal ptaoes). 

Do you know tbe answer1 

I KNOW IT UNSIIRF NO IDEA 



The effect of a given force acting o a body as an eq11ivalent force-couple system acting elsewhere on the body 1/3 

Example 
For he hook shown in Figure (a), replace the force of 200 N acting in plane A by an 

equivalent force-and-couple system atB. 

SOmm 

B A 

Cal 

75mm 

I 

• • • 

200 N 

CONTINUE > I 



The effect of a given force acting on a body as an equivalent force-couple system acting elsewhere on the body 2/3 

Sol tio 
The equivalent force-moment system at B consists of a force of 200 N and a clockwise 

turning moment equal to: 

This is shown in Figure (b). 
8 

t 
50 mm 

(a) 

< BACK GIVE FEEDBACK 

M = 200 X 0.075m 

= 15 .m 

A 8 
75mm - --

t ---, 
l 

~-- I r, . I l , ' I \ 
15 N.m , t t -"' 1 '""l- .,; '- ---I 

I 

I 
• 

200 r-. l 
(b) 

1CONTINUE > 



The effect of a given force acting on a body as an equivalent force-couple system acting elsewhere on the body~/3 
Example 

In th is case, where the moment is taken by the two screws, it is meaningful to interpret 

the moment as an equivalent couple with a distance of 50 mm between forces: 

This is shown in Figure (c). 
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Type your answer in the box. 

The equivalent force-moment system at the bolts consists of a force of 49.05 N (weight of the mass) and a 
L--,-----,----' direction turning moment equal to N.m (rounded to two 
decimal places). 

Hint: Moment M = P · d where d is the moment arm distance. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Type your answer in the box. 

In this case, where the moment is taken by the two bolts, it is meaningful to interpret the moment as an 
equivalent couple with a distance of m between forces. 

Hence the equivalent force couple is equal to c_ _______ _, N each going through the bolts 
(rounded to two decimal places). 

Hint: M = F · D 
M = moment of a couple 

F =force of a couple 

D =distance between the force 

I KNOW IT 

Do you know the answer? 

THINH SO UNSURE NO IDEA 



Type your answer in the box. 

The weight of the mass is L_ ______ ___J N (rounded to two decimal places). 

Hint: Weight F 1v = m g where g = 9.81 N/kg. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



If the mass supported by the bracket in the figure below is 5 
kg, Interpret tile load as a force and a couple acting through 
the bolts. 

liil 
650mm 

250 

SMALL 

Type your answer in the box. 

The weight of the mass is L_ ______ _.N (rounded to two decimal pfaoos). 

HlncWclgllt Pw • m g wllorag • 9.81 N/l<f!. 

Do you know the answer? 

I KNOW IT UNSll~f NO IDEA 



If the mass supported by the bracket in the figure below is 5 
kg, Interpret tile load as a force and a couple acting through 
the bolts. 

liil 
650mm 

250 

SMALL 

Type your answer in the box. 

The ()Qutval&nt roo::&-moment system aLthe boltS consists ot a !Ott& ot 49.05 N (W&Ight ot the mass) aoo a 
L,-=.,.-,==--_,dlroctlon tumtng momoot equal to N.m (roundGd to two 
decimal places). 

Hint: Moment M • P . d wtlere d ls the moment arm distance. 

Do you kno" the answer? 

I KNOW IT UNSUkE NO IDEA 



If the mass supported by the bracket in the figure below is 5 
kg, Interpret tile load as a force and a couple acting through 
the bolts. 

liil 
650mm 

250 

SMALL 

>I< 

Type your answer in the box. 

In this case, wha(e lh& moment i:S taken by the tvto bOlts, tt Is meanlngt\Jito interp(ettfle moment as an 
equivalent coup&Q vllth a dtstanoo of m between forces. 

Hence the equlvalent force couple Is equal to L ______ __J N each going th.rough the bolts 
(rounded to two decimal places). 

HintM =1' ·D 
M =-moment or a couple 
F = roree of a oouple 
0 "" distance ootwoon the force 

' I KNOW IT 

Do you koow the answer? 

UNSURE NO IDEA 




