
l Choose your free body. You must be very clear about the boundary of 
the free body. Be precise about what is included and what is not. 
Usually one or more of the unknown foras must be exerted on the 
free body. 

2 Draw the outline of your free body so that it is isolated from all other 
bodies, even if they are in contact with it. There are, of course, no 
internal details in a free.-body diagram. 

3 Mark in all the forces exerted on the free body. These forces will be 
those acting on the surfaces which you have isolated from all the 
contacting bodies. The body's weight is likely to be the only other 
force acting on it. Marking forces means taking into account the 
direction and the l i e  of action as well as the magnitude. U you do not 
know, assign an arbitrary d i i i o n ,  l i e  of action and magnitude to an 
unknown force with algebraic values, to be evaluated later. 

4 The choice of coordinate axes should be indicated. The orientation 
does not matter but you can save time and effort by choosing the axes 
so that they arc parallel to as many of the foras as possible, or 
perpendicular to a force or forces that you wish to avoid in the 
analysis. 

3 Modeiling structures: the pin-jointed 
model 

In this Scction I want to look at a di&rent kind of free-body diagram and 
to use free-body diagrams to look at parts of things rather than whole 
objects. The principle is the same - a clear boundary is drawn and the 
forces arc identified but this time the boundary of the free-body does not 
coincide with the physical boundary of the object. 

You have already met some simple pin-jointed structures, or structures 
that can usefully be modelled as pin-jointed. In this section I want to 

A B - B C - A C = l m  
concentrate on this type of Statics problem. You have seen bow to use 

F W c  28 equilibrium conditions on a single pin to find two unknown forces exerted 
on it. When a PIS is 'solved' by workiig through it pin by pin in this way, 

FA you are said to be using the hethods ofjoints'. If the foras in only one or 
two members an needed, rather than all of them, then it is often quicker to 

X. choose a free body comprising several members and pins all together. You 
cut out a free body which is not just a single pin but a larger portion of the 
PJS. This latter method is called the 'method of sections'. The best choice 
of free body depends upon the problem in hand. 

Remember that in these problems we are neglecting friction at the pins. 
Also the weight of the members is neglected, although for some purposes it 

Plgure 29 Pin A can be incorporated by adding forces at the pins if necessary. 

3.1 The medhod of Jolnb 

F1 

Figure 30 Ptn A 

I shall start by considering the simple example of Figure 28. This is a 
triangular truss. It is planar, as will be the other ones you see in this course. 

You sbould know h m  Unit 3 how to usc the equilibrium of pin A to find 
the forces in members 1 and 2. Figure 29 shows the fr&-body diagram for 
pin A. Note that F, and F, are given a positive direction corresponding to 
tension in the members. Now I must add axes, x along one unknown, say 
F,, and y perpendicular to X (Figure 30). 

Along y F, cos 75" - F, cos 30' = 0 
F, = FA cos 75'/cos 30" 

= 2000 cos 75"/cos 30" 

= t598N 



Member AB is in tension of 598 N 

Alongx: F,+F,cos600+FAcos15"=0 
. . F , = - F , C Q S ~ ~ ~ - F ~ C O S ~ ~ "  

= -2231 N 

Member AC is in compnssion (negative sign) of 2231 N. 

What about the member BC? We can 6nd the fora in BC by considering 
equilibrium of pin C. However, there is a complication to be considered. 
The pin C is subject to a force exerted by the supporting 'trolley'. This 
symbol reminds you that friction is to be neglected, so the force exerted is 
perpendicular to the surface. In this casc the force must be vertical. 
Because this force is not applied through a typical member, it is not really 
appropriate to talk about it as a r i s i i  from a tension or compression. 
Hence our 'tension force positive' rule does not indicate how to choose the 
positive direction. 

' , 
I suggest that you guess the likely direction of the force, in this case 
upwards rather than downwards. Remember that the mathematics will 
give it a negative sign automatically il you guess 'wrongly'. Of course you 
an not d y  wrong in such a casc. In choosing a direction for a fora, you RC 
choose a direction in which it will be positive; if the calculation yields a FrSyre 31 Pin C 
negative force, it simply means that the force is positive in the other 
d i i o n .  Figure 31 shows the FBD for pin C. f "" 
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Ln Figure 31: 
(a) How do I know the magnitude and dirafon (including sense) of F,? 
(b) How did I choose the direction ofF3? 
(c) How would you apply equilibrium to 6nd F,, avoiding &? 
(d) Apply equilibrium to find F, and R,. 

- 
Figure 32 Pin B 

You now know the form in all the bemben. However, we have not yet 
examined pin B. 

(a) Examine Figure 28 d u l l y  and list all the forces acting on pin B. - 
(b) Give the magnitude and direction ofthe forces exerted by members 1 1414 N 

You should have decided in the last SAQ that then? was a force of 
unknown magnitude and direction exerted by the support. It is more 

FiBYlc 33 B 
C ,,N 

convenient to consider this as horizontal and vertical components each of 
unknown magnitude. To draw the FBD for pin B you must assign a 
positive direction to these components. As for pin C you have a free choice. 
Figure 32 shows mine with axes also added. FED pin A 

Along y: R,, + 598 sin 60% 0 
. . RE= - 518 N 
Alongx: ll15+598cosW+HB=0 
. . Hg* -1414N 

Both Rg and H. arc negative, meaning their direction is opposite to my 
assumed direction. Figure 33 shows the 6nal FBD for pin B. 

A convenient way to summarize the d t s  of a PJS analysis such as WC m pin B FBD pin C 
haw just done is to supcrhpo%c the pin FBDs onto the structure diagram 
(Figure 34). However, it is vital to remember that the f o r a  shown are NI foran in luwtorn 

those acting on the pins, not the members. F w e  34 



All mernlmm l m long 
Figure 36 
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(a) What are the forces exerted by the truss on the supports at B and C? 

Give magnitudes and directions. 
(b) What total force (including line of action) does the truss exert on its 

supports? (You should be able to sec this easily.) 

It is not always possible, or even desirable, to work right through the 
structure from the known applied forces. It is usually better to calculate 
the supporting forces first. To do this you choose the complete truss as the 
free body (Figure 35). As before, the nature of the individual supports 
indicates that we must show a horizontal component at B, and vertical 
components at both B and C. 

Actually there are now three unknowns, but unlike the case of individual 
pins, we can use rotational equilibrium too, because the forces arc not 
concurrent. You should by now be confident that by applying trans- 
lational equilibrium in two directions, plus rotational equilibrium about 
any convenient point, you will obtain equations that can be juggled to give 
the unknown forces. However, we should keep the problem as simple as 
possible by careful choice of direction or moment points. 

In what way would you apply equilibrium to obtain an quation involving 
only the unknown (a) &, (b) H,, (c) R,. This is a vital question. U you 
grasp this, you will save yourself a great deal of wasted effort later. 

Find the reactions using this method, and compare the results with those 
obtained working pin by pin. 

In this simple example of a PJS it was possible, although perhaps tedious, 
to use the method of joints exclusively and then to find the supporting 
reactions as a check. In many cases it is not possible to work that way 
round. Figure 36 shows a slightly more complicated example. If you try to 
use equilibrium at pin C or E, where a known load is applied, it is not 
possible to solve for any of the unknown forces. Neither is B a possibility. 

SA0 42 

Why is this so? 

What we must do is to find the supporting forces on the whole truss first. 
Then we can start at a pin such as D where there will be two unknowns, F, 
and F,. This tells us the fonx F, in member 5, so at C there arc now only 
two unknowns, and F, and F, can be found. At pin E there were originally 
four unknowns, but now that F. and F, are known, only two remain. By 
choosing the right order to deal with the pins you will only be faced with 
one or two unknowns at each pin. In fact you choose the next pin to deal 
with by finding one that has no more than two unknowns on it. (It is 
possible to contrive a PJS in which there is no pin to &et started on, but 
you will not meet any in this wursc.) 



Here then is the p d u n  for applying the method of joints to a PJS: 

R o e d ~ f O t ~ b e S O b f h Q f ~ l b r r b a  
1 Draw the FBD for the complete structure, including all a p p M  

forces, and appropriate support form. 
2 Apply equilibrium conditions to find all the support forces. 
3 Choose a pin with one or two unknowns. 
4 Apply equilibrium to find the unknowns on that p ia  
5 Choose another pin that now ha8 only one or two unknowns. 
6 Carry on choosing pins until the f o m  in all members are 

known. 
7 At the last pin all forces will already be known. Apply equilib- 

rium M a check on previous calculations. 
. P 

PP 

Notes on using the procedure: In Step 1, be careful to use support form 
appropriate to the support. Usually this means not marking a horizontal 
component at the negligible friction 'trolley'. In Step 2, equilibrium will 
only enable you to find t h  unknowns. In this course you should have 
only three. In Step 4 refer to Unit 3 if in doubt about procedure here. In 
Step 5, you must take a m u n t  of all information, especially the recently- 
found forces on adjacent pins. Be cardul to transfer the force comctly. 
Remember that a single member pulls in or pushes out on the two pins 
holding it, so the sense of the force is reversed from one end to the other. In 
Step 6, it is sometimes convenient to move from pin to pin through the 
structure, at other times to work in from both ends. Finally, in Step 7 
because of rounding errors the agnement need not be exact. You must use 
your judgement to decide whether any discrepancy is the result of an 
accumulation of small rounding errors, or a delinite mistake. 
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Use the method ofjoints to find the forces in each member of the structure 
in Figure 37. 

3.2 The method of sectlons 
Suppose that in the example structure of Figure 36 we wanted to know the 
fora  in member BC only. Do we need to work pin by pin through the 
structure to pin B or C1 In a complicated structure this could be a lot of 
work for the single result actually required. Happily it can often be done 
more efficiently. If the form in only one or two members of a structure are 
required, it is better to make a careful choia of free body to give the 
required result directly. This is called the method of sections because the 
structure is 'sectioned' at an appropriate place. 

Before I do this, I must determine the forces acting on the structure M a 
whole. Fire 38 shows the k - b o d y  diagram for the whole structure. 
Applying rotational equilibrium about A I get F, = 11.25 kN. Applying 
horizontal and vertical equilibrium I .@ l3 = W and FA = 8.75 kN f. The 
method of sections can now be used. 

To find F, in Figure 36 I could take a section through, say, members BC. 
BE and AE. Naturally I must 'cut' the fora  that I want to know (in BC) 
but inevitably I shall also expose other unknown forces in BE and AE for 
the cut that I have chosen (Figure 39). 

The free-body diagrams of the two pieas are shown in Figure 40. I have 
marked the exposed unknowns in the 'teasion positive' sense. There are 

81 

Figure 37 Gantry 

18.76 kN 
Figure 39 



t h  of them, and I expect to be able to find thrcc unknowns by body 
equilibrium, so I can go ahead. In this case I could work with either half of 
the structure an my frec body. Naturally, one would choose the simpler f< F3 ~ m .  

Fs - 
F. r E 

SA0 44 

" t ID (a) To obtain an equation involving F ,  but not F ,  or F,, how would you 
8.76 kN 11.26 k~ apply equilibrium to the right-hand free body7 
F l p e  40 (b) To the left-hand free body? 

SA0 46 
Use the left-hand free body to find F , .  

- 

SA0 46 
How would you apply equilibrium to find directly (a) F,,  (b) F,? 

The free body will not necessarily cut the structure into left and right parts; 
you may find it convenient to divide it in some other way, for example top 
and bottom, or to take a wme- -" 

Cut the member with the aesired unknoan force. - 7 Do not wt m m  than thw -owns altogether. 
The free body muat have at hass one known fora acting on i 

Provided you comply with these requirements you should have little 
di5culty in applying equilibrium to your frec body to obtain the desired 
forces. (If you require more than one unknown, it may be possible to find a 
free body on which two or even three of the unknowns arc desired ones.) 

If you want to know all the forces in a structure then the method of 
sections requins a number of FBDs and may be no better than the method 

Draw the FBD for tbk qotn&ts sq~~ctun,  hluding all applicc 
f o m ,  and appropriatt support f-. 
Apply equilibrium conditiom to find all the support form. 
Choose thc eeotiOn which cuts the unknown mquimd fora bu 
does not ~ u t  more than thne unknown form, and hence drav 

11 4 Apply equilibrium to find the desired unknonn(s). 

Notes on using t k  procedure: Steps 1 and 2 are not always ewntial -it 
depends on your free body choice. However, I strongly recommend that 
until you arc skilled in the art, you always find the support forces first. In 
choosing the free body always follow the criteria listed earlier. In Step 4 
you can usually prevent the two undesired unknowns from appearing in 
the equation by choosing the moment point at thoir intersection, or by 
choice of translation quilibrium direction. 



Figure 41 

Figure 41 shows a bridge PIS. The red arrows are load and support forces, 
already known. Specify the members that you would section, and the 
equilibrium direction or moment point, if you wanted to know the force in 
the following members. (Treat each part as a new problem. Do not 
actually solve numerically.) 

(a) GH (b) BH (c) KE (d) JK (c) AG 
(I) CD and CJ (g) HJ and BC 

Now do the following SAQs, which require that you do the complete 
solution, as would probably be required of you in an examination, or of 
course as an engineer. 

-0 48 L I z k N  I 2 k N  

Figure 42 shows a short bridge truss. Find the reaction at C and the force 
in members BC and BE. Do note that a triangle with three equal sides All membern 2 m long 

must also have three equaiangles of 60". Figure 42 Btldge truss 

Figure 43 shows a planar bridge tnrss in the vertical plane. Determine the 
form in members GF, BF and BC by the method of sections. 

SA0 40 I 

For the bridge truss of the last SAQ, apply the method of sections to find 
the forces in members FC and FE. (The force in BC is known from 

1 l 
12kN 6kN 

SAQ 49.) Figure 43 Bridge mess 

4 Solving Statics problems 

4.1 Procedure 
me reiterate the steps in solving a Statics problem. 

hdes p l l l d m  
I Absorb the problem, draw the position dm&rain. 
l Choose the tree body. 
3 Draw the fne-body dingram. 
1 Apply equilibrium conditions. 
C Manin~llate the ~11atFnna tn Rnll the tmuirml ~znknnwna 




