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Aims 
The aims of this Unit are: 

To introduce the ideas of force, strength and moments. 
To explain basic ideas of static analysis including Newton's laws of 
motion and show how to estimate forces and moments. 
To demonstrate the use of free-body diagrams. 

Objectives 
After working through this Unit you should be able to: 

Calculate volume, density and mass (SAQs 2,5,6,7,8,23: Section 1.21 
Calculate weight force (SAQs 1 2, 3, 4, 7, 8: Section 1.1) 
Calculate stiffness forces (SAQs 14, 16, 17, 18: Section 1.4) 
Model simple structures (SAQs 19, 20, 21: Section 1.5) 
Add forces vectorially and by components (SAQs 29, 30, 31, 35, 36: 
Sections 2.2 and 3.1) 
Resolve forces into components (SAQs 33, 34: Section 3.1) 
Find the moment of a force about a point (SA@ 47,49,50, 51,52,53: 
Section 4.2) 
Given a free-body diagram, apply the principle of equilibrium to 
determine unknown forces and moments (SAQs 37,42,43,44,60,61, 
62: Sections 3.2 and 5.1) 
Apply Newton's Third Law to determine unknown forces and moments 
(SAQs 26,27, 28: Section 2.1) 



introduction 
Whether a body remains stationary or not depends on whether the forces 
acting on it are in balance, and also whether the moments of force which 
tend to rotate it are in balance. If the forces balance and the moments 
balance then the body is in equilibrium - and if the body is stationary to 
begin with, it will stay still. 

In Usit 3, you will be introduced to the use of free-body diagrams to find 
the forces and moments acting on a body and keeping it stationary with 
respect to some frame of reference. 

In Unit 4, you will be introduced to the use of such diagrams to find the 
forces and moments which are acting within a structure to keep each part 
of it still with respect to every other. 

In both Units, you will be introduced also to several diRermt L ids  of 
force. 

Figure l Ex~unples of stutic structures 



1 introducing forces 

1.1 lntroduclng force 
In this Block you are going to work on some of the underlying ideas that 
enable engineers to design structures. How can we design a bridge, for 
example, and be confident that it will not break, and not be wasteful of 
materials? Indeed, what causes breaking anyway? 

The central new ideas in these two Units arc those offorce and moment. 
I will wme back to the idea of moment in Seaion 4. In this and the 
following two major sections I am going to wnantrate on fora. 

In everyday life 'force' means a wmpulsion or urge. You use such 
expressions as 'force of character' and 'force of habit'. However, engineers 
and scientists attach a very exact and specific meaning to the word. You 
already have experience of the scientific notion of a force - it is the push or W 
pull that you apply to an object when you try to move it. No doubt you 
can recall the vivid physical sensation of trying, hut failing, to li 
something that was too heavy for you. When you hold an elastic band in a 
stretched position you are applying two forces, away from each other, one 
at each end. When you hold up, say, a suitcase you apply an upwards force 
to do so. Similarly, when an object is hung from a rope or cable, or rests on 
the floor, then the rope, cable or Boor must provide the necessary force. 
Just as there are objects that you are not strong enough to lift, there are 
limits to the load-carrying capabilities of cables, floors and so on. In 
designing a suspension bridge an engineer must be able to specify 
suspension wires that will not break but are not more expensive than 
necessary. What steps are necessary to do this? 

We will need a measure of the size of forces, a way to determine the forces 
involved, and a way to find the force-carrying capability of the proposed 
structure. Of course, it is too expensive to build a full-size experiment each 
time. Practical experience has led to a body of theory by which estimates 
can be made of whether the structure is strong enough. However, the 
theory can be no more than an approximation, so it is necessary to allow 
appropriate safety factors. 

The theoretical ideas employed by engineers are the result of contributions 
by many people, althougb the greatest part was played by Isaac Newton. 
In particular, he introduced the ideas of force as we know them today, 
which are encapsulated in his famous three laws of motion. A modern 

I understanding of the laws reads: 

A body remains at rest, or continues to move in a 8-t line 
with a constant velocity, if thm is no un- force acting on i t  

s&liil h w  
If there is an unbalanced fo ra  acting on a body, the body 
experiencer an aoccht ion in the direction of the force, pmpor- 
tional to the fonx and inversely proportional to the m w  of the 
body. 

W L8w 
If one body excrts a fonx on a ascond body, then th: lcoond body 
excrts a r w i o n  form on the first body, whether or not the bodies 
arc accclaating. These forcm of action and d o n  behvaen the 
bodies a n  equal in magnitude, opposite in direction and co- 



The title of this Block is 'Statics', and, as this implies, it deals with bodies 
that are stationary. From this you may deduce that the Block will be about 
the special applications of Newton's laws when the velocity is zero. But the 
class of problems considered by Statics is still further restricted because for 
a body to be static its velocity must not only be zero but it must stay zero. 
In other words, a static body has zero velocity and zero acceleration. Look 
again at Newton's three laws of motion. Statics uses the First Law but only 
for the special case where velocity is zero. Statics excludes problems where 
there is any acceleration, so the Second Law is not needed for solving 
Statics problems. Statics does use the Third Law. In this Block, you will be 
using Newton's laws for situations where bodies are static and where, by 
implication, the forces and moments acting on them are balanced. Later in 
the course you will move on to explore situations where forces are no 
longer balanced. 

I wrote earlier that to make progress in the design of a structure we need to 
be able to anticipate where forces will occur, and also we need a way of 
measuring the size of a force. The two source of forces that I shall deal 
with here are ones that I have already mentioned, related to the stretching 
of objects and the lifting of objects. Later in the Unit we shall look at some 
others. A force has four characteristics which define it. These are its 
magnitude (size), dict ion,  line of action and point of application. Force is 
a vector quantity like displacement as defined in Unit 2. The sense, in this 
Unit, will be included in the specification of direction. 

1.2 Welght force and mass 
Any particular object has the two attributes mass and weight. Mass is a 
measure of 'quantity of matter' in an object. Moving an object, even taking 
it to the Moon, does not alter the quantity of matter in it, so the mass is 
constant. In the S1 system the unit of mass is the kilogram, abbreviated 'kg' 
(lower case). Mass has magnitude, but does not have direction. Such 
quantities are called scalar, in contrast to vector quantities such as force 
which do have direction. 

Everything near the Earth or on the Earth experiences a f o m  pulling it 
towards the Earth's centre. This force is called weight and it is our first 
example of a force. In the S1 system the unit of force is the newton (named 
after Isaac Newton, of wurse) and abbreviated N. Weight is a force, so it is 
measured in newtons. The weight of something on or near the Earth is 
about 9.8 N for each kilogram of its mass. 

The weight of something also varies from place to place so that at the 
Equator it would weigh 9.78 N for each kilogram of its mass and at the 
North Pole 9.83 N for each kilogram. For engineering purposes the vari- 
ation is negligible. In this wurse we will use the UK value and say that the 
weight of an object on or near the Earth is 9.81 N for each kilogram of its 
mass. This factor is symbolized by g (for gravity); so for this wurse on the 
Earth g = 9.81 N kg-'. (You may be used to seeing g = 9.81 m S-'. This is 
discussed in Units 7/8.) 

On the Moon, the 'weight' of an object is smaller than it is on the Earth. 
even though its mass does not change. Strictly, weight, as defined above, is 
a force arising from the proximity of the Earth. On or near the Moon's 
surface the 'weight', defined as the force pulling an object towards the 
centre of the Moon, is about one sixth of its value on Earth, that is 1.6 N 
for every kilogram of its mass. So, on the Moon 'g'= 1.6 N kg-'. 

The relationship between the mass and weight of an object is conveniently 
given by the simple equation W = mg where m is the mass in kg, g is the 
gravity value or weight per kilogram of mass in N kg-', and W is the 
weight force in N. The direction of the weight force is vertically 
downwards. 

8 



A particular piece of scientific apparatus has a mass of 4 kg. 
(a) What is its weight on Earth? 
(b) It is conveyed to the Moon. Now, what is its mass? 

(c) What is its 'weight' on the Moon? 
It is essential to give units in answers to all questions where appropriate. 

SA4 2 

My weight is 883 N. What is my mass? (Unless it is stated that the body 
in question is located away from Earth you should always assume that 
g =  9.81 N kg-'.) 

A typical eating apple bas a mass of about 0.1 kg. What is its weight, 
approximately? 

SA0 4 

Find the weight of the following: 

(a) Five 1 kg bags of sugar. 
(b) One 50 kg bag of cement. 

(C) A typical family house of mass 100000 kg. 

Provided with information on the mass of an object, you should now be 
able to use the relationship W = mg to calculate the weight force acting 
upon it. However, what about cases where you do not know the mass 
directly? For example, say it is proposed that a column in a bridge design 
will be solid concrete 1.5 m wide, 1.25 m thick and 8.0 m high. You could 
not expect to be able to obtain the mass of such a component directly from 
tables, but you would be able to find the density of concrete, typically 
3000 kg m-? Density is a measure of the quantity of matter in each unit of 
volume, and hence its units are kilograms per cubic metre (kg m-)). The 
symbol normally used for density is the Greek letter p, rho (pronounced 
roe). The mass of an object is its average density multiplied by its volume 

m=pV 
where m is the mass (kg), p is density (kg m-3) and V is volume (m3). 

Example 
Determine the mass and weight of the concrete column described earlier. 

Solution 
Volume V=1.5mx 1.25mx8m=15m3 

Density p = 3000 kg m-' 

Mass m=pV=300Okgn1-~ X 15m3 

Weight W =  mg=45000 kg X 9.81 N kg-' 

=441000N 

SA0 S 

An aluminium alloy spar for an aircraft has a rectangular cross-section 
and is 6.0 m long, 0.08 m deep and 0.01 m thick. Estimate (a) the material 
volume, (b) the mass, (c) the weight. For typical aluminium alloy p = 
2800 kg m-3. 



SA0 8 
An aircraft fuel tank is required to carry 5000 kg of fuel, density 
750 kg m-" What tank volume is needed? 

SA0 7 
Estimate (a) the mass, and (b) the weight of the air in a room 5 m X 

4 m X 2.5 m, if p = 1.2 kg m-"or air. 

Compare with my mass and weight (SAQ 2). 

The density of fresh water is 1000 kg m-3. Estimate the volume, mass and 
weight of the water in (a) a bath 1.8 m X 0.5 m X 0.15 m deep and (b) a 
swimming pool 25 m X 10 m X 2 m. 

You have now covered about all you need to know about weight forces for 
the purposes of statics. The two equations 

m=pV and W=mg 

do it all, if you are careful with the units. In practice the most difficult part 
is usually the geometry involved in finding the volume of peculiarly- 
shaped components. 

1.3 S1 units 
This is a convenient place to comment on units and multiples in the S1 
system and equations in general. Consider the weight equation W= mg. 
We expect the numbers to multiply correctly, but look at the units. 
Multiplying kg (mass) by N kg-' (gravity) gives N, which is the unit of 
weight (force). 

Consider the equation m = pV. Multiplying kg m-"density) by m3 
(volume) gives kg which is the unit of mass, again agreeing with the other 
side of the equation. In fact, in all equations, every term must have the 
same units, as demonstrated in the two particular examples above. This 
can be a very useful check when the equations become more complicated. 
As a simple example, if you were confused about the meaning of V in 
m = pV, and inserted a velocity instead, the units become kg m-"p) X 

m S - '  (V) =kg m-' S-'. Seeing these units, and knowing that you were 
expecting a mass, kg, you would recognize your mistake and be able to 
rectify the situation. I strongly recommend that when you are substituting 
numbers in equations, you also insert the units as a check. 

You will have noticed when doing some of the earlier SAQs that the 
numbers are sometimes inconveniently large, for example 4 905 000 N. The 
S1 system provides a useful system of multiples to make these numbers 
more manageable. These multiples are attached as prefixes to the units - 
an example with which you are already familiar is mm for millimetre 
(10-' m). The most important prefixes used in Engineering Mechanics are 
shown in Table 1, and the S1 units you have met so far in the course are 
summarized in Table 2. 

Hence 1000000 N could be written, equally correctly, as 1000000 N, 
106 N. 1000 kN or 1 MN. The best one would depend upon circumstances. 
4905000 N could also be written 4.905 X 106 N or 4.905 MN or 4905 kN. 

Take care to note which letters are capitals (109, 106) and which are lower 
case (103, 10-', 10-6). p is the Greek letter mu, pronounced 'mew'. Special 
care must be exercised not to confuse m and M. These multiple prefixes are 
for your convenience, and do not have to be used. With familiarity they are 
helpful. 



Table 1 Multiples used with S1 units Table 2 Some S1 units 

S1 symbol Prefix Multiplying S1 symbol Name Quantity 
factor 

G log m metre length 
M mega- 106 kg kilogram mass 
k kilo- 103 S second time 
m milli- 10-' N newton force 
P micro- 10-6 rad radian plane angle 

The basic unit of mass in the S1 system, as you now know, is the kilogram 
(kg, not Kg), equal to 1000 g. This is a peculiar quirk of the system for 
historical reasons. AU the other working S1 units are without a multiple 
(N. m, S). 

One point which requires care is the substitution of multiples into 
equations. Whenever you substitute a value into an equation you should 
convert the multiple prefix to the appropriate power of ten, times the 
proper S1 unit. For example at constant speed, distana = speed X time, 
s = vt. If the velocity is S m S-' and the time 100 ps (microseconds) what is 
the distance? 

s = vt = S X 100 = 500 m is incorrect. 

= S00 X 10-6 m is correct. 

Now that you have the answer in correct S1 units, you can if you wish take 
advantage of the multiples again 

When substituting a value for a mass, especial care must be taken to use 
the kilogram as the basic S1 unit. 

SA0 a 
In each of the following statements the first column is in basic S1 units; the 
second column uses a power of ten, and the third column urn the S1 
prefixes. Compkte the blanks in each of the statements (a)-(& (Tbc first 
two statements are worked examples.) 

Examples 
1000 N = 103 N 
5000 kg = S  X 103 kg 

(a) - 3 ~  1 0 - ~ m  - - 
(b) 0.002 m = =2mm 
(c) 0.1 S - - - - 
( 4  - =6ps 
(e) 2800kgm-S = = 
(f) 1720ms-' - - - - 
(B) = = 2.3 mN 

Ccuttionmy note: l m s means l metre X l second; l ms means 10-; 
seconds. There is a gap between m and S in the first case. 



In the equation A = B C ,  complete the following table (each row is 
independent), remembering of course that the units of A must be the same 
as the units of B X C .  

(a) m m S- '  

(b) m' m 
(C) m3 m 
(d) m3s-' number 
(e) N m-= m2 
(0 kg kg m-' 
(g) S kgs-l 

1.4 StlIYnebs force 
If you buy a kilogram of apples they will be measured by weighing. For 
example, in a grocer's shop one way of weighing apples would be to 
balance a brass 1 kg mass against the apples on a pair of scales. I shall look 
in more detail at the operation of scales later in the Unit, but basically the 
scales are dected by forces, and indicate that the weight of the apples 
equals the weight of the 1 kg brass mass, i.e. in Figure 2 W,= Wb. 
Therefore, m,g = m,g. Now g has the same value for both sides of the scale 
and so we can deduce that m. = m, as required. In everyday life these brass 
things am called weights, naturally, because they arc used for weighing, 
that is, comparing weight forces from which masses can be deduced Please 
do not let this common use of the term 'weight' wnfuse the scientific 

F i v e  2 Scnles for weiqhinq distinction between weight (force) and mass (quantity of matter). 

Another common way to measure so many kilograms of groceries is with a 
'spring balance', which provides a convenient introduction to the second of 
the types of forcc - stiffness forces. A spring stretches when a load is hung 
on it. The weight force of the load pulls the end of the spring down. A 
spring can be calibrated by hanging bodies of known weight on it, and 
marking the deflections, Figure 3. When an object of unknown weight is 
now put on the spring the deflection will tell us the weight of the object. 

F@ 3 Spring c a l i b r ~ ~ ~  



A spring deflection tells you the weight of an object, say 10 N. 
(a) What mathematical formula do you need to find the mass? 
(b) What value other than the weight do you need to know to use the 

formula? 

(C) Will a mass hung on a spring cause the same deflection on the Moon 
as on the Earth? 

The weight of a given object is to a very good approximation constant all 
over the Earth. We can take advantage of this to calibrate spring balances 
directly in kilograms rather than newtons, because a given weight always 
corresponds to the same mass on the Earth. Do remember that it is the 
force that really stretches the spring, and a spring balance can only bc 
marked in kilograms mass because of this particular correspondence 
between mass and weight on the surface of the Earth. 

SA0 12 

A spring balance calibrated in kilograms is taken to the Moon. Can you 
use it there? 

You should be clear now that a spring, 6 x 4  at one end, can be extended by 
applying a force on the free end. If I apply larger and larger forces to the 
spring, at first the extension is proportional to the load, but at higher loads 
the spring may be irreparably stretched or broken (Figures 4 and S). For 
loads which are comfortably within the capabilities of the spring a plot of 
the true force versus deflection can be approximated by a straight line 
(Figure 6). This is mathematically represented by 

where F is the extending force, x is the extension and k is called the 
stifl'ss. In S1 units of course F is in newtons and x is in metres. 

If the units are to work out cometly in the equation F = kx,  what units 
must k have? 

In the example shown in Figure 6, on the straight-line approximation a 
force F = 20 N causes an extension x = 10 mm = 0.01 m. So to find k, 
using F = kx,  k = FIX. 

SA0 14 
Calculate the deflection of the above spring (k = 2000 N m-') for: 

(a) (i) a force of 2 N, (ii) a force of 40 N. 

(b) Estimate the force that would cause an extension of 8 mm. 

It is important to remember that the simple and very useful approximation 
F = kx is only true over a limited range depending on the load-carrying 
capabilities of the particular spring. Note that a spring with a large k value 
is called stiff. One that can support a large load without damage is said to 
be strong, or to have high strength. Be careful that you use these words 
correctly. You might be tempted to use the everyday word 'strong' to refer 
to a spring which is properly classed as stiff. 

13 
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Figwe 8 Forces on a member in 
tendon 

Figure 9 Forces on a member in 
compression 

SA0 18 
Figure 7 shows the force-ddlection curve for two springs. 
(a) Which has higher strength? 
(b) Which has higher stiffness? 

The approximation F = kx is oRen referred to as Hooke's law after Robert 
Hooke, a contemporary and rival of Newton. Actually it represents the 
behaviour of many objects, not just springs. U you pull a spring you see it 
stretch. However, a thick steel bar also stretches when pulled, although the 
proportional change in length is much less. 

SA0 16 
A steel bar has a stiffness k =  160 MN m-' and will break at a force 
F z 4 0 k N .  

(a) Estimate the extension resulting from a force F = 4 kN. 
(b) Would you expect to sez or feel such an extension? 

In Unit 10 you will see how to calculate the stiffness of pieces of metal from 
their dimensions and material properties. What you nced to know here is 
that forces are exerted by structural members when they a n  stretched, 
pushed, pulled and so on, and that a member exerts a force to oppose the 
load on i t  U you stand on a bridge, the bridge pushes up on you, opposing 
your weight. To provide this upward force the bridge actually &&cts a 
little bit, although this may be difficult to detect. 

In this Unit you will go on to analyse built-up structures and find the 
forces in them. Remember that the members exert the forces because they 
change shape slightly. A member which is being pulled apart by the forces 
on it is said to be in tension (Figure 8). The forces make it a little longer. A 
member being squeezed up, becoming shorter, is said to be in compression 
(Figure 9). 

In our diagrams we will show the foras acting on a body, not the forces 
exerted by the body on its neighbours. 

SA0 17 

A wire of stiffness 500 N mm-' has a tension load of 2000 N applied to it. 
Estimate the extensioa 

SA0 18 
You require a spring to build a spring balance. A deflection of 100 mm is 
needed for a load of 10 kg. What must the spring stiffness be? 

Notice that in SAQs 17 and 18 'load' can be quoted either in terms of force 
or of mass. & careful to identify which is being used and note that where 
mass is used, it is the weightforce that causes the extension. 

1.5 ModelIIng slmple structures 
Now that you know how to calculate some forces, we can begin to look at 
structures themselves. Many modem structures are tremendously com- 
plicated and require large design teams, but the general principles are the 
same as in designing a simple structure. In this course we shall be 
concentrating on 'two-dimensional' analysis. As in mechanisms, this 
restriction is not too serious. You can learn a great deal without becoming 
involved in the extra complication of three dimensions; indeed, there are 



many engkexhg structures that can be analysed using a t w w o n a l  
approach. 
Even a simpk structure is rich in detail and immensely complicated on a 
small scale. Considc~ for example a typical wooden mof truss (Figure 10). 
Think of all the detail of the wood grain, all the knot-holes, the glue and 
the nails. Trusses of the same design a n  d y  di&ent; every one is 
unique. Even if we an dealing with a fairly reliable homogeneous material 
such as metal think of all the details of joints, the rivets and bolts, the 
variability of welding and so on. Can we hope to cope with this 
embarcasing richnw of fine detail and variation? Of course the answa is 
no. We d y  cannot analyse such a complicated system. Even if we could, 
the system would cbange as it aged, rusted, rotted, weathered and 
gradually wore away. From an engineering point of view we want to get a 
reasonable estimate of the loadcarrying capabilities of a structure, without 
spending an inordinate amount of time on it. The detail that we can justify 
going to depends upon the need for high puformamr and so o n  In 
practice what we do is to analyse a simpli6cation of the structure. This 
simpli6cation is called the model. Theoretical work will ten us the load- 
carrying capabilities of tbe model, which is then an estimate of the 
capabilities of the nal structure. 

Muoh of the skill of engineering lies in W i g  able to choose p o d  models. 
A good model is one which is accurate enough, but which is as easy as 
possible to analyse. From an economic point of view, an accwate model 
nduces the size of safety factor needed in the final design and so makes 
production cheaper. However, a more accurate model itself costs more 
money to develop and work with. 

To return to the roof truss, how can we form a simpliied model? In the 
Arst instance we want to know about the forces in the members of 
the structwe. For this, we do not nad information about the detail of the 
members themselves. So, in our Arst model we do not need information on 
the thickness of the members, and they can be simply represented by Line% 
Although the joints arc actually fairly rigid, for many structum they can 
be represented by a pinned joint, drawn as a sinall circle representing - as 
we would say in mechanism analysis - a rotating pair. As you will see later, 
this greatly simplifies the f o m  acting on the model truss. This often gives 
msonable accuracy hecause the forces that are eliminated have been 
shown by experience not to be very important ones. Sometimes members 
are actually joined that way. The other symbols in the mof truss model are 
the supports. As usual the ground marks repnsent the basic fixed member. 
The little 'trolley' with three wheels indicates that the supporting force acts 
vertically, the wheels indicating to you that friction at this point is 
neglected. Friction is another source of form that I shall be returning to 
later. It is neglected at the pin joints too. So in the pin-jointed structwe 
(PIS) model shown friction is completely absent -a  very helpful simplific- 
ation which is often used. 

You will see that the model structure ends up being very like the 
mechanism models of Units 1 and 2 The main d i m  is that then an 
no degrccs of freedom. You might like to check this, tmting the right- 
hand support as a slider. 

Amongst other thmp, this Unit will show you how to work through a 
simple pin-joint structure model, such as the roof truss one, to find the 
forces in the members resulting from external loads. This information is 
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needed to design the individual members. I shall go into more detail on 
that in Block 6, Structures. 

BA0 l# 
Figure 11 shows a jib crane. Sketch a simple PJS model for determining 
the main forces in the jib and cable MN. 

SA0  2D 
Figure 12 shows a framework supporting a sign outside a pub. Sketch a 
PJS model for finding the forces. 
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Show the direction of the force exerted by the ground on the PJS models 
shown in Figures 13 (a) and (b). 

1.6 Udng S1 units 
Possibly you have experienced some difficulty in unit conversions. for 
example converting a spring stiRnegg from N mm-' to N m-l. Should you 
multiply or divide by 1000? In this case your physical understanding may 
help you, but in more complicated equations you may still have problems. 
I suggest that you work in the following way. 
1 Write the expression out as a fraction, without negative exponents, e.g. 

N 
N mm-' becomes - 

mm 

2 Substitute each unit multiple by the equivalent numerical expression 
times the base unit (e.g. mm becomes 10-' m). 

3 Simplify the expression. 

Exampin 
Convert 25 N mm-' to basic S1 units. 

Convert 10 g to basic S1 units (kg m-=) 

There are two points to notice especially. An expression such as mm' 
means (mm)" i.e. (10-' m)' = 10-6 m'. S1 prefixes always work in this 
way. Secondly, a negative power beneath the line, which may appear a 
little confusing, simply converts into a positive power above the line. e.& 

(Remember this as 'crossing the line changes the sign'.) 

Finally, if there are powers of 10 in your answer, it is often sensible to 
ensure that the power is a multiple of 3. This is called 'engineering 
notation'. It makes it easy to use the S1 multiple units so, in the example 
above, writing the answer as 10 X 10' kg m-' is better than 104 because it 
follows the engineering notation convention. 



Convert the following to basic S1 units. Use engineering notation. 
(a) 3 km2 (b) 7.2 pm2 (c) 2 mm X 6 ~s 
(d) 5Okg km-' (e) 8000N Mm-' (f) 50 Mg km-' 
(g) 10kNmm-2 (h) 10GNm-l  (i) 0.0028gm1n-~ 
(j) 60kmh-' 

Note: h stands for hour. It is not an S1 unit. 

SAC1 29 
(a) Determine the density of a sheet of material 6 m long and 500mm 

wide and whose thickness is 10 pm. The mass of the sheet is 81.3 g. 
(b) The quality of paper is often quoted in terms of the mass (in grams) of 

a l m2 sheet. Calculate the thickness of paper whose density is 
650 kg m-3 and whose quality is quoted as 90 g m-'. 

(C) A4 paper measures 210 mm by 297 mm. Calculate the quality of paper 
contained in a pack of 2500 sheets which weighs 122 N. 

Hint: Ensuring that your units are consistent in each equation will enable 
you to use the unfamiliar concept of paper quality correctly. 

Notice how, in this SAQ, we can check that we are using an unfamiliar 
quantity like paper quality correctly by making sure that units are 
consistent in each equation. Notice too that when I substitute for a symbol 
such as W (standing for weight) in an equation I substitute both number 
and units. I strongly suggest you do the same. The procedure for keeping 
units accurate is as follows. 
1 Rearrange the equation to make the unknown quantity the subject of 

the equation. 
2 Substitute values with units into the equation. 
3 Where necessary express all multiples of units in their basic S1 form 

with appropriate powers of 10. 
4 Carry out the arithmetic on the numbers and combine all the units 

into their h a l  form. 
5 Check that the h a 1  units of the answer make sense and, if necessary, 

express the units in terms of multiple units. 

SA0 24 

Use the procedure outlined above to determine the weight of an alu- 
minium bar whose dimensions are 4 m X 100 mm X 150 mm and whose 
density is 2.710 Mg m-). 

If you practise using this procedure you will find that it rapidly becomes 
second nature. 

1.7 Revlslon exercise 
Revise the material of this section by correcting the following statements 
where necessary. 
1 A good model is very accurate. 
2 Two objects always exert equal forces on each other. 
3 Weight and stihess forces are the two sorts of force. 
4 A typical apple weighs about 0.1 kg. 
5 M and m are S1 prefixes having the same meaning. 
6 The spring force related to any deflection can be calculated from 

F = kx. 

17 



2.1 Applylng Newton's la ws of motlon 
In the previous section I wrote about the basic idea of force and considered 
two examples of force types: those arising from body deformation and 
from gravity. In studying statics you will, as the name suggests, be looking 
at objects that are stationary. Remember that Newton's First Law of 
Motion says that if an object is at rest, then the forces acting upon it must 
balance. In the simplest case you could imagine this would be because 
there are no forces acting at all, but in practice you can see immediately 
that this would require a zero weight, so it is not going to happen on Earth. 
In studying Statics therefore, we will find ourselves dealing with combi- 
nations of form which are balanced or, to use the formal term, in 
equilibrium. Equilibrium therefore means that the total of the forces acting 
is zero. In order to find out any useful information about those forces 
which are adding up to zero, you need to know how to add forces. 

Force, having magnitude and direction, is a vector and follows the rules of 
vector addition. You have already done some vector addition when adding 
displacements in Unit 2. Later in the Unit I shall be dealing with the 
significance of the particular place on an object at which a force acts, but 
for the present I want to concentrate on cases where the forces all act 
through a single point. The forces are then called concurrent. Remember 
that we have already restricted ourselves to sets of forces acting in one 
plane, so strictly speaking we are dealing with planar concurrent forces. 
The forces acting on a pin in a pin-jointed structure provide a good 

~ d l m  example of this. 

When two or more forces are added together, the combination is called the 
resultant force, often abbreviated to resultant. The resultant is a single 

c m force acting on a body which represents the original set of forces. Consider 
F, F. again a stretched spring (Figure 14). Neglecting the weight, the forces 

acting are equal and opposite ones, with the same line of action. 

The total force acting on the spring, the resultant, is the vector sum of F, 
and F,. 

7 A member in tension pulls inwards on its neighbours, and is reduced 
in length. 

8 Theory tells us the failure load of a structure. 
9 10-S m' is 1 mm3 

An8w.n to n v l s h  exercise 
1 Not necessarily. It depends on the degree of accuracy needed. A good 

model is one that is 'good enough'. 
2 The forces are of equal magnitude but opposite direction. Remember 

that forces have both magnitude and direction. 
3 No. There are others. 
4 No. 0.1 kg is the mass of a typical apple. It would be correct to say: 'A 

typical apple is found by weighing to have a mass of 0.1 kg'. 
5 No. M (mega) is 106 and m (milli) is 10-3. 
6 No. Only within a Limited range. Remember that recognizing limi- 

tations is an important part of analysing structures. 
7 No. It is increased in length. 
8 No. It gives the failure load of the model, which is only an estimate of 

the real failure load. 
9 No. 10-3 m' = 10-3(10' mm)' = 103 mm' 

2 Equilibrium of forces 




