
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 



Steps 4 and 5 were covered in detail in Unit 3. You now know something of 
the four types of force that are required for the Statics part of this course 
(weight, stiRncss, hydrostatic, friction), so I shall now look in more detail 
at the first three steps. 

Step 1 is very important. It is easy to misunderstand or to be confused by 
any problem. That may be because the question is ambiguous, but is more 
likely to be because you have not read the question carefully and 
considered it. I usually find that it helps to make a sketch and to list the 
relevant types of force. If you are unsure how to start, then draw a picture. 
Personally, I would say that a problem was 'absorbed' when you could 
describe the problem fully to someone else without reference (but without 
needing to remember the numbers). Rapid and reliable understanding of 
problems only comes with experience - in other words, when you have 
done many similar problems before. This is why you can only become 
good at solving Engineering Mechanics problems by practising problem 
solving, and not just by reading the course Units. 
Now, what about Steps 2 and 31 How do you choose the free body, and 
how can you ensure that the forces are correctly shown? The best choia of 
the free body depends upon foreseeing the forces that will act, so let me 
comment on the forces first. 

In a real engineering problem the significance of the various forces would 
be assessed by e x p r i m  or by making some preliminary calculations. 
When you are faced with a 'papcr'question the situation is rather different. 
You can no longer refer to reality, you only have the information that you 
are given. The presentation of information in the question is the major clue 
as to what is required of you. Also you should be aware of the 'nonnal' 
procedure, for example neglecting friction at the pins of a pin-jointed 

ture. 

WydrwtlHe t o m  If thoe are due to gas (ag air) then they an 
nonnally negligible. except in obvious spedal cans such as baUoonr 
and airships If they a n  due to liquid (e.g. water) then they s h o d  
m be negbted (tor cxamplc, water buoyancy should always In 
included). 
Wdgbtf- Tbemmg&cted in a n u m b a o f  'standard 
problnns, sucb as the manben of a PJS. If appropriate infmatiol  
is not given (mass, wdgbt or h) tben o & d y  weight foras arc tc 
b e o d d  
St&rf- lbse are usually obvious in the mm that r 
phydcsl member M d y  then for the spec& purpose of pmvidinl 
a force. 
Meriooforec. Wbm motion betwesll two sudaco8 M posaibk 
then friction M a possibility. Howcycl, it is oRen acgbcted (fo~ 
exampk, at pi~ll of a PJS). QUC(I~~OBS requiring the Mumon o. 
friction usually make this fairly expiicit by menticning the codkient 

iriction or 0 t h  relevant terms. C 
To determine the forces on a free body, I suggest that you consider first 
the weight. The others will then be found by checking over the surface 
of the free body for anything that it is touching. Figure 44 summarizes 
the stiffness and friction forces that are 'discovered' when a free body is cut 
out from its environment. The table may look rather complicated but it 
is quite easy to decide what forces are required in any particular case. 
It simply depends upon the movement that is possible at the joint. If 
movement in one direction is prevented, then there will be a force in the 
opposite direction to maintain equilibrium. However, if a joint allows 
motion then them will be a friction force, although it may be possible to 
neglect it because it is so small. 



Figure 44 Analysing theforces on a FED 

Example 
The slider in Figure 45 (as in Figure 44). is in a guiding slot. Various other 
forces are exerted by other members on the slider, but ignoring these what 
forces could be exerted by the slotted member on the slider? Motion is not 
possible in the y direction, so there can be a reaction R parallel to y. 

SolUNon 
Motion along X is possible, so there can be a friction force Fparallel to X. 

Without detailed information on the other forces on the slider we cannot 
determine the magnitude, sense or line of action of the forces R and F, but 
they are a complete representation on the FBD of the forces exerted by the 
slot. 

SA0 51 
The plate in Figure 46 is mounted on the pin at D. (a) Is rotation of the 
plate about D a possibility? (b) Is translation of the plate a possibility? 
(c) What forces or moments could the pin exert on the plate? 

Figure 46 



Figure 47 

SA0 62 
An axle is supported by a ball bearing. What forces and momentq would 
you expect the bearing to exert on the axle? 

Finally, let me make some comments on Step 2 of the Statics problem 
procsdure. The correct choice of free body, or bodies, in any problem is an 
important step. This is not to say that there is only one correct choice. 
There may be more than one appropriate choice, but there arc also many 
inappropriate ones that should be avoided. It is ditticult to give detailed 
instructions on how to choose the best free body. Obviously, you must 
'cut' the unknown fora. Apart from that you should try to cut as few other 
unknowns as possible. The one or two other unknowns you do cut should 
be capable of being eliminated from your equations by equilibrium or of 
being evaluated. 

Figure 47 shows an object hanging from a beam. AU dimensions and 
weights are known. You want to know the tension in the rope, T,. The red 
cuts show three possible free bodies. 

Draw the free-body diagrams corresponding to the three red boundaries 
shown in Figure 47. 

Which of the FBDs you have drawn is most suitable for determining T,? 
Why? 

1 J- I U o m  
4 

In Figure 48 you need to know T, only. (a) Which free body do you 
choose? (b) How do you apply equilibrium? (c) Later you find that you 

w e  48 need to know T,. What do you do? 

You may have noticed that in Figure 47, I did not even consider a free- 
body diagram which cut the beam itself. This was quite deliberate. The 
beam is not in pure tension or pure compression so the surface forces 
acting on the cut faces of the free-body diagram would not be horizontal. 
Cutting the beam itself would give me a fo ra  acting on the free-body 
diagram whose magnitude and d i d o n  are unknown. It is usually worth 
avoiding cutting members which are not in pure compnssion or tension 
and where you cannot, therefore, be sure of the direction of the fo ra  acting 
on the cut surface. 

Unfortunately, I have not found it possible to give you specific rules for 
pickiing a body. It is necessary for you to gain experience by 
attempting problems. If you have diculties with a 6rst choice then it may 
be worth trying another rather than persevering too long. 

4.2 Applkatlons 
Now attempt the following SAQs: 

SA0 bb 
Correct and complete the free-body diagrams in Figure 49. 
(a) A cylinder held at rest by a string. 
(b) A uniform crate resting against a wall, about to slip. 

(C) An automatic sluice gate of mass m, pivoted at A, with water on one 



m&. A spring in tcnsiw holds it closed, conneoted with negligible 
fiction at B. The foot of the gatc prsss~s against the wnmte stepat C. 

(d) The framework of no&ible weight, and pulley C, Buppon the load of 
m m  m through a cable. All pin joints have negligible friction. 

SAO n 
A cylindrical buoy of masr, 2Okg volume 0.2 m3 and height l m is 
anchored to the wa bed by a unifow w l  cable of 100 kg. T6e axis 
of the cylinder is at all times vertics. 
(3 At high tide the buoy is complctoly immctaeQ a8 shown in Figun 50. 

Calmkite the teasion in the cabk at points A and B, is, the top and 
bottom of the oaMa Take the denstry of atcel ae 7800 k ~ m - ~ .  

(b) Some tims tator the tide has fallen ta a level swh that the tension in 
the cable at B is just mo,  and the cable is supported by the buoy, as 
shown in F- 51. Detrrminc the mmon in the cable at A and the 
length of tha cylinder whi& is expoaed 

USE p,, = 1000 kg m-: g = 9.81 N kg-'. 



Figure 52 

1WN - D  

SOON-C 

150N - B F 

A 

Figure 53 

SA0 50 
You an trying to move a heavy packing case. You pull it and push it 
(Figures 52a and 52b rmpectively), and find that a smaller force is required 
to make it slide if you are pulling 
(a) Explain this in qualitative terms only. 
(b) If the coefficient of friction between case and floor is p and the weight 

of the case is W, find an algebraic expression for the force H required 
to move the case when puhng. 

(c) Find the equivalent expression when pushing. (Hint: the push is a 
negative pull.) 

(d) For W = 1 kN, p = 0.5, and 6 = 30" evaluate H for pushing and also 
for pulling. 

SAo850bd12 
A light PIS sustains the loads shown in Figure 53. All the dimensions and 
angles are known. In SAQs 59 to 62 select the appropriate wmbination of 
methods to find the specified forces. The options are: 
(a) Horizontal and vertical equilibrium of the whole structure 
(b) Horizontal and vertical equilibrium of a section of the stnwture 
(c) Moments about a point (specify which one) 
(d) Section through AB 
(e) Section through BH, FH 

(f) Section through AB, BH, FH 
(g) Section through BC, BE, EF 
(h) Section through EF, BF, FH 

(i) Section through DE, CE, BE, BF, BH 
(j) Section through DC, DE 
(L) Section through EF, BF, BH 

SA0 dD 
Which wmbination of methods would you use to find the fora  in member 
AB? 

SA0 do 
Which combination of methods would you use to find the force in member 
FH? 

Which wmbination of methods would you use to find the force in member 
BC? 

Which wmbination of methods would you use to find the force in member 
BE? 

SA0 6s 
Determine values for each of the forces listed in SAQa 59 to 62. The 
internal angles of all the equilateral triangles a n  60". 



Figure 54 shows a typical hydraulic digger for making trenches. The 
bucket is exerting a force of 20 kN horizontally to the right at J on the 
ground. 
(a) Neglecting the weight of the members and the bucket, determine, 

choosing a suitable free-body diagram in each case: 
(i) The fora  in ram GF. 
(ii) The fora  in ram CD. 
(ii) The fora  in ram AC. 

(b) If the total volume of metal in the members is 0.1 m3, and they are 
made of steel of density 7800 kg m-=, is the weight of the members 
likely to be negligible? Which of the above answers for the forces in the 
rams is likely to be most in error due to this simplification? 



Tat 
refcrare 

E*b 

Absolute pressure 
Buoyancy force 

Codcient of friction 
Fnc body 

Fnabody diagram 

Friction force 

Gauge prtssure 

Hydrostatic force 
Limiting friction 
Method of joints 

Methods of sections 

PrcMure 
surface force 

The total prtssurc, including the atmospheric presllure 
An upward force produced on an immcracd object by fluid 
P-"= 
The ratio of limiting friction force to normal force 
Object, part of object, or collection of joined objects, chonen for 
analyeis 
Diagram of isolated free body, using pro6le with no internal 
details, showing forces and co-ordinate axea 
The tangential force exerted by one surface on another tending to 
slide over it 
h u m  r n d  relative to atmospheric ~IWSIUC 

Force caused by pressure of a static fluid 
The maximum possible value of the friction fora 
Equilibrium applied to a succession of pins in a pin-jointed 
structure 
Equilibrium applied to a body produced by Mctioning a pin- 
jointed structure 
The degree of concentration of a force 
Any force exerted by physical contact at a surface 



Answers to Self-Assessment Questions 
SA0 l SA0 10 
p =  FJA, so the units are N m-' (a) pgh = 78.5 kN m-' 

883 N 
P = 0.0065 m' 

= 136 kN m-' 

SA0 3 
(a) 1.10 MN m-' (b) 2.21 MN m-' 

For the limit pressure 

For track length 4 m, minimum total width = 1.02 m 

For two tracks, each must be at least 0.51 m wide. 

SA0 7 
(a) No. A static fluid can only exert a force 

perpendicular to a surface. All the horizontal 
components, that is going into and out of the page, 
are equal and opposite so they have no net resultant. 

(b) F' -F3 = 0 

.'. F,=F3  

.'. p, A =p3 A 

.'. P' = P3 

(c) No 

SA0 8 
(a) Gauge (b) Absolute (C) Ratio 

1 2.9 kNm-' 103 kN m-' 1.03 
2 294kNm-' 394 kN m-" 3.94 
3 29MNm-'  29 MN m-' 294 

pgh=lMIkNm-' . ' .h=10.2m 

20 X 106 N m-' 
(a) 100 X 10' N m-' 

= 2W atmospheres 

In this course, we will use only the S1 unit of 
pressure, N m-l. 

F 1MIx103N =5x10-3m'  (b) A=-= 
p 20 X 106Nm" 

For a circular piston this is a diameter of only 80 mm. 

(b) 78.5 kN m-'116 MN m-' = 0.0049 

(c) Yes. 

pgh = kg m-% NB-' X m = N m-', units of pressure as 
expected. 

F =4.07MNm-' (a) p=-= 
A 0.00049mZ 

(b) Yes. 

(c) Diameter is 2 X ,  so area is 4 X 

(d) 4 ~ 2 0 0 0 N = S k N  

SA0 19 
(a) All the water. 

(b) The water force on the wall is perpendicular to the 
wall, so the sides exert no vertical force, in 
accordance with Newton's Third Law. 

Line of action is f X 0.5 m = 0.33 m below the surface. 

Figure 55 

Line of action is f X 4m = 2.67 m below water 
surface. 

Moment about A = - 235.4 X 103 N X (2.67'111 + 0.5 m) 

= - 746.2 kN m 

(b) F = 58.9 kN, line of action 1.33 m deep. 

Moment = + 58.9 X 103 N X (1.33 m + 2.5 m) 

(c) Total water moment = - 746.2 kN m + 226.8 kN m 

(d) W =  kN = 173 kN 
3 m 



(c) m = W/g = 17.7 X 103 kg 

(f) V=m/p=8m3 

SA0 l8 
(a) B = p,Vg, where p, is the density of water. 

(b) Buoyancy force equals weight, so p.,= p,. 

SA0 17 
(a) B=p.Vg= 1.225 kgm-3 X 17500m3 X 9.81 N kg-' 

= 210.3 kN 

(h) W = mg = p,.,Vg = 29.2 kN 

(c) Structure weight = 6000 kg X 9.81 N kg-' = 58.9 kN 
Structure + helium + ballast 

= 58.9 kN + 29.2 kN + 8 kN = 96.1 kN 
Cargo capacity is limited by buoyancy force minus 
other weights. 
Cargo weight = 210 kN - 96 kN = 114 kN 
Cargo mass = 11.6 X 103 kg 

SA0 l8 
When I float I displace a volume of water V .  

W = pvg 
W 

, ,  V=--= 883 N 

pg 1000kgm-3 X 9.81 N kg-' 

= 0.090 m' 

My total volume must be a 0.090 m3 + 0.003 m3 

= 0.093 m3. 

SA0 19 
(a) W = mg= 180 kg X 9.81 N kg-' = 1766 N 

(b) T + B = W  
B= 1020kgm-3 X 0.12m3 X 9.81 Nkg-'= l201 N 

T=1766N-l201N=565N 

Figure 56 

SA0 20 
(a) V = m/p = 0.0192 m3 

(b) (i) W=mg=150kgx9.81Nkg-'=1472N 
(ii) Buoyancy B=pVg= 188 N 

T-W+B=O 
. T =  1284N 

SA0 21 
Trapped air results in a low average density. As air 
escapes and water enters, the density increases. Another 
way of looking at this is that the volume of water 
displaced is less as air escapes, so the buoyancy is 
reduced. 

SA0 22 
The net spring force on the slider is to the left, so friction 
on the slider acts to the right, along the bottom surface. 

SA0 23 
Here the friction force acts to the left, along the bottom 
surface. 

SA0 24 

9 
Figure 57 

SA0 25 
(a) The rear wheels have normal and frictional 

components because if there were motion, it would 
require sliding of the locked wheels. Force on the 
front wheels is the normal component only because 
there would be no sliding if motion occurred. 

F* 
Figure 58 

(b) Using Newton's Third Law gives Figure 59. 

Figure 59 

SA0 ls 
p = F,,/R, so units are newtons/newtons =no units. That 
is, p is just a ratio. 

SA0 27 
In each case I have taken a value of p from Table 2, 
calculated F,.. = gR, and compared the quoted friction 
force with my estimated maximum value. 

(a) Implies that p = 217 = 0.29, which is unlikely unless 
the car had chains or studs on the tyres. 

(b) Implies that p= 0.0025, which is unlikely. 

(C) Implies that p = 0.08, which seem reasonable, 
provided that the surfaces remain greased. 



SA0 28 
(a) Spring force = kx = 2.5 kN m-' X 0.2 m - MO N. 

For R- W-400N. and p=0.4, 
FW=0.4x400N- 16ON. 
It is UOWely that fiction will provide adequate 
mtlnint. 

(C) Incr~&~e R by getting m e o n e  to sit on the tabh. 
Note that the number of legs has no effect on the 
solution. 

(b) Now W = 40 N + 10 N. I expect p to m a i n  about 
thesame, M) now F,.=pR=0.6~ SON-30N. I 
expect the fora now needed to be about X) N. 

(a) Equilibrium along y R - W ws 8 - 0 
. R - W m 8  

(b) Equilibrium along X: W ws (W - 8) - F  - 0 
. F=Wsin8 

(a) Friction opposcs the spring f o m  w h e k  the spring 
is in wmpmsion or tsnsion. Equilibrium positions 
can be foAd wh- thc limitkg MO& force m 
greater than the spring force. 

(b) F-==lcR 
R = W = 2 N  
. Fm=0.5x2N=1N 

(d) IneacbcsscS-IN 
. kx = l N 
. X = 1 N/lmN m-' -0.01 m 

'Ilerdorr,, range = 2% = 0.02 m = 20 mm 

SA0 aP 
(a) To the edge. 

(b) W X f d = WdJZ 

(d) Whm H has the value Wd/& thc slipping will be 
impending for 

F--lrR 
Forquilibrium F-Hand W-R 

. H = f l  

. p - HJR = d/Za 

Valuol of p smaller than this will cause slipping 
before tipping. 

(d) Small (reduce couple). 

SA0 91 
I shall neglect pulley friction. 

Cable tension T = W,. 

FED for the case is shown in Figure 63. 

ThiP is a Type 1 problem - I do not know that W o n  is 
limiting. 

Assume quilibrium. 

Along X: F + W, cos 70' - T - 0 

(d) p=tan.W%l.2 



Friction fora for equilibrium h 233 N. 

T h e W o n f o r e q u i i i i k h o l l t h e t b a u m m I  
axpo* equilibrium, and do not expect nuwemeat 

Udng p - 0.9 from Tabk 2 

Tbia h the moment that rill give limim W o n .  

M O  a 
Hlnc When Block 2 h h u t  to mow, thou hiction mun 
belimitingatbothitstopmdbonomsurhoo,loyou 
nmd to ftnd R at both smfacu. Apply F,-fl at both. 

Now that F, and R, appear on Block 2 alto (by 
Newton's Third Law). 

(b) BLoolr1:Bquilibriumalmyy: R,-W,-0 

. R, - ION 

.'. F,, - fl, - 5 N 

My oabatc of the form m q W  to movo Block 2 h 
15 N. 

(3 It h or*mtcd dong AC, and t of the name magoituda 
and oppodtc to Fl on pia A. 

(b) A l q  BC, tendon positiva 

(c) m u m  d m  Y. 
(d) Aloal~:  F 3 - F a ~ 6 0 " - 0  

. F, - 2231 X a 5  - l115 N 

Alongr &-Fllin€4P-0 

:. &= 1932N 

S A 0  SI 
(a) F,, P,. mund d o n  (which will bave vanic.l and 

llo&c.ntal compomb). 

@) Forainmmbarlit598Ntezuion,mF,t598Nr 
on B h 1115 *. 

m0 5s 
(a) ByNewton'ITbirdLawtheyuseqpal~oppaitc 

totheforoaonthstnu.AtB.518N~and 
1414N-r. At C 1931 N 1. 

@) N ~ t h s t r u u w a i g h f t h e t o W l o r e o m ~ b o  
thewethatwuapplledtothsrrrmatA. 

m0 4s 
(a) Momaao about B. 

(b) Horizontal equilibrium 

(C) Moments about C (Omx & h known the vacial 
equilibrium of mum, a poanibiliy.) 

m0 41 
MommtsaboutB: F A u m l S D x l m - R , x l m = O  

. &- 2000 mu 15' = 1932 N 

Horbmtal equilibrium: H. + FA au 45' -0 

.'. H. - - 1414 N 

MomentsmboutC R,x lm+FAcos75"x lm-0  

:. &= -518 N 

Ormtialequilim R,+&-FAa*4Y-0 

:. R.= -518N 

Those cesulta a p  with t h w  found sulior, within 
rounding m m .  In prindpk of mum, they should 
onacUu. 

m0 42 
T h e  m thra conaumnt unknowns, which h too many 
to lolve diractly by equilibrium 

Moments h u t  B: 
H A x 1 m + 2 0 k N x 2 a u W m - 0  

:. HA = -34.64 kN 



Figure 66 

Equilibrium along X: H, + H. - 0 

.'. H,=-HA-+34.64kN 

Fin D (Figure 67). along y 

F,caW-20kN-0 

. F,-+40kN 

Mcmbsr CD h in 40 kN tauion. 

FinD,alongX: -F,-F,cw30"-0 

. F, = -34.64 kN 

Member BD is in 34.64 kN comprmsion. 

Figure 68 Pfn C 

Pin C (Figure 68). along y: -F4 cos 30' - 0 

. F4 - 0 

Themfore thne h no fora h member BC. 

PinC,alongx F,-F,=O 

. F2 - F, - +40 kN 

Thomfore AC is h 40 kN -ion. 

Figure 69 Pin B 

Pin B ( F i  69). along y F, - 0 

Thrralorc t b m  n no fora in m m &  AB. 

Figure 70 Pin A (check) 

Check at pin A (Fipura 70): 

Nong X: 

(40 kN) cm W - 34.64 kN - 0 ( c o r n )  

Note that although some m c m h  have zcn, cdcuhted 
fora, this d o a  not mean that they muld be omitted from 
a I4 m ~ o n .  The I4 force will will be e k y  
m. 

SA0 U 
(a) Moments about E. 

(b) Moment8 about R Rcmcmber that the point about 
which you take moments d o a  not have to bc a point 
on the h e  body iW. 

a 0  45 
Moments about E: 

SA0 46 
(a) V ~ e q u i l i b r i u m  
(b) MomnU about B 

BA0 47 
(3 Cut OH, BH, BC 

or cut OH, GB, AB 

(b) Cut GH, BH, BC 

(C) Cut D& KE, KF 

(d) Cut JK, KD, DE 

or cut JK, ID, CD 

(e) Cut AG. AB 

(I) Cut CD, U, H1 

(g) Cut HI, HC, BC 

Moments about B 

Moments about B 

Equilibrium along y 

Moments about F 

Moments about D 

Momcnts about D 

Equilibrium along y (same 
as equilibrium of pin A) 

Moment8 about J, then 
equilibrium along y 

Moments about C, and 
moments about H 

BA0 4# 
With the whole truss as free body and M n g  moments 
about A: 



T h e d o r e R , = 6 k N i s t h e ~ r e a c t i o n a t C .  

TohndtheforasinBCand BE.IrhsllSc*ionBC.BE 
and DE (Figure 71). 

12 kN 

Figure 71 

Equilibrium along y: F, cos MO + R, - 2 kN = 0 

. F, = -4 kN/cos M' = -4.62 kN 

M o r e  member BE is in 4.62 kN compression. 

Moments about E: 

-F, xZcos3O0m-R,xZcos60"m=O 

. F ,  = -R, cos 60°/cos 30' = - 3.46 kN 

Member BC is in 3.46 kN compression. 

SA0 19 
With the whole truss or the free body. horizontal 
equilibrium gives the horizontal reaction at A equal to 
ZCTO~ For the veaial reaction at A (V') take moments 
about D: 

I ahall now section OF, BE, and BC and use the left-hand 
part of the bridge a f~ lmdy (Figure72).AngleGBF= 
tan ' 0.5 = 26.6'. 

I O ~ N  i 2 . k ~  

Figure 72 

Eguilibrium along y: F ,  cos 26.6" + 10 kN - 12 kN = 0 

. F ,  = 2.237kN 

Member BE is in 2.24 kN tension. 

. F ,  = - IOkN 

Member OF  is in 10 kN compression. 

Equilibrium along X: F ,  + F, + F ,  sin 26.6' = 0 

Member BC is in 9 kN tension. 

I shall cut wmben BC. FC and FE and take the M- 
hand side (Figure 73). 

Figure 73  

Equilibrium along y: 10 kN - 12 kN - F, cm 26.6' = 0 

... F4 = -224 kN 

Member FC is in 2.24 kN compression 

Equilibrium along X: F, + F 4  cos 63.V + 9 kN = 0 

. F ,  - -9 kN - F, cos 63.4" 

e - 8 k N  
Member FE is in 8 kN comprsssion 

SA0 51 
(3 Ya. 
(h) No. 
(C) A ractioll fora with compoocots along both x and y. 

A Friction mommt, possibly ncsligible. 

SA0 sip 
A reaction force with two rectangular component#, and a 
small friction moment. 

SA0 53 
T, and T, SIC namea I have chosen for the tmsions in 
each of the two s t ~ m .  

Figure 74  FED 1 

t 
Wl 

Figure 75 FED 2 

1 
Wl 

Figure 76 FED 3 

SA0 54 
EBD 2 is the most suitable bcfsuse the foras acting on 
the free body an all known except T, which can be found 
by deal equilibrium. You could use FBD 3 applying 
vertical and horizontal equilibrium to Bnd T, and T,. You 
could then use vertical equilibrium in FBD 1 to 5 d  T, 
but I hope you will that this is much more 
aoublesome than simply applying one equilibrium 
condition to FBD 2. 
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Figure 77 

* *  

Figure 78 

Lower 
' 8 2  tide 

W2 

810 86 
(a) FBD 4 

(b) Moments about A 

' ~ ~ ' 0  

Equilibrium of the buoy: B, - W, - TA = 0 

.'. B3=W2+TA-l%N+855N=105lN 

Volume immersed is given by B, -p. Vg 

:. V = B3/p,g= 0.107 m3 

The volume fraction immersed is 

0.107 m3/D.2 m3 = 0.535 

The protruding W o n  is l - 0.535 = 0.465 

Exposed length = 0,465 X 1 m = 0.465 m 

(C) Moments about B or vertical equilibrium 

810 W 
The m m  FBDs arc as shown m Figm 77. 

S A 0  57 
(a) Vertical equilibrium of the buoy (Figure 78): 

B,-W,-TA=O M O W  
(a) Whan pulling, the vertical component reduces the 

tloor reaction, so reducing the maximum fiction 
force. 

The buoyancy fora Bl is given by 

B, =p,Vg-1000kgm-3 x0.Zm3 x9.81Nkg-l 
= 1%2 N 

The Wght force W is &on by 

We require the applied fora for impending motion. 

Step I: Equilibrium along y: 

R+HsinO-W=O 

. R-W-Hub6 

Step6 F=F,=fl=p(W-HsitlB) 

Step 3: Equilibrium along X H cos 0 - F  = 0 

. HcosO-p(W-H&@=O 

. ~ ( c o s e + p s i n ~ ) - p w = o  

' H = PW 
cos6+psinO 

(c) When pushing, H m m  R 

R- W+HsinO 

Vertical equilibrium of the cable: 
TA+B,-W~-T~=O 

For the cable W, = 981 N, volume - 0.0128 m3. So 

B, = 126 N 
T,=TA+B,- W, 

=1766N+126N-981N%911N 

(b) Equilibrium of the cable: TA + B, - W, - T. = 0 

The volume of the buoy immersed must provide a 
buoyancy fora to balana the buoy weight plus TA. 



F now a& to the right, along X 

-HwO+F=O 

.'. HmO-p(W+HsinB)-0 

H(cos0-psin8)-pW-O 

(d) hhing:  H = 812 N 

Pulling H = 448 N 

SA0 m 
(d), (C), momcllts about H 

SA0 m 
(0, (c), moment8 about B 

SA0 6l 
(Pt. (C), momcllts about E 

SA0 a 
(h), (c), moments about D 

SA0 m 
F- - 1600 N tension 

F, - 800 N compression 

FE = 260 N tension 

SA0 ll 
The force exerted on the digpr bucket by the ground ia 
20 kN to the l#l (Neuton'~) Third Law). 

(a) (i) Ram GF. Take the buokel GHJ as fm body, and 
nmGFintension T,. 

Equilibrium of moments about H: 

T1cor32'x0.7m+MkNx 1m-0 

:. T, = -33.7 kN 

Ram GF is in 33.7 kN compression. 

(ii) Ram CD, tension G. Take free body of bucket GHJ 
plua nm GF plus irm HFD. 

ED = 1.5 m/coa 20" = 1.6 m 

Moments about E: 

Rpm CD is in 523 kN compression. 

(i) Ram AC, taubn T,. Take hk body of GHJ, GF. 
HED, DC and ECB combined. 

Mownts about B: 

T3 - 51.9 kN 

Ram AC is in 51.9 kN tension. 

(b) Masl of atkl= 780 kg 

Wcigbt ht 7.7 kN. Ihic is not negligible. However, if 
the digger was operating at iu maximum font the 
wcipht would be pmportionntsly nnaller. Ram AC 
would be mwt a f k k d  sins it support8 the whok 
di#ging m. 



Table of useful physlcal data 

Mass of Esrth 
Mass of Moon 
Distance, Earth to Moon 380 X 106 m 
Radius (mean) of Earth 6.37 X 106 m 
Radius (mean) of Moo4 1.74 X 106 m 
Density of air* (p,,,) 1.225 kg m-3 
Density of water? (p,) 1000 kg m-' 
Density of sea watert (p,,) l025 kg m-3 
G, gravitation constant 66.7 X 10-l* N m' kg-' 
g, weight per unit mass of body on, 9.8f N kg-' ( = m  S-') 
or ncar, surface of m . 
*at m b z i e l  at 15" C tat 15" C 



Index to Block 2 
absolute pressure 
addition of forces 
atmospheric pressure 

mass 
method of joiits 
method of sections 
modelling 

body force 
buoyancy force 

moment 
moment arm 

newton (N) 
Newton's laws for 

centre of gravity 
centre of mass 
coefficient of limiting friction 
compression 
concurrent forces 
couple 

- 
Newton's laws of motion 

pin-jointed structure (PIS) P* 
pulley l density 
reaction f o m  
nsultant equilibrium 

fluid force 
force 
free-body diagram 
friction force 

S1 prefixes 
S1 units 
Statics 
Statics procedure 
stiffness 
sti&rcss force 
sorface facc  

m g e  vrSI 
Bears 

~ 0 0 ~ s  law a 
hydrostatic force 

tension 
torque 

impending motion vector components 

lever weight force 




