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INTRODUCTION

This book contains a set of worked solutions for the practice problems found at the
end of each Topic Chapter in the Jacaranda Press Publication:

INT RGDUCT ION TO ENGINEERING MECHANICS
Schlenker/McKern

Itis intended that the book be used by both the teacher/lecturer and the student as
a means of developing method and logical step sequence in problem solving.

Whilst the correct answer is the obvious aim in solving all mathematical problems,
it cannot be ignored that many students find this object somewhat elusive. It is
equally true that total marks awarded for questions, set in assessment tasks and
examinations, are apportioned for both method and correct solution and students
may often score good results, yet fail to find the right answer.

In providing this book, the author is mindful of the difficulties teachers may
experience when setting assessment work which includes problems from the
original text. The decision to publish was taken knowing that teachers will, with a
minimum of time and effort, be able to amend either the given data or reqwred
answer to, as it were, “Keep the Students Honest”.

Bespite all efforts by authors, publishers and printers, some errors are inevitable in
all new publications and while | hope that this edition will contain a minimum, any
information regarding errors found, different methods of problem solving or indeed
suggestions for improving the aim of the book would be gratefully accepted for
consideration.

In conclusion | wish to record my appreciation for the co-operation of Jacaranda
Press and the authors (Schlenker/McKern), the assistance of many of my Industrial
Arts teacher colleagues, particularly my staff at Picnic Point High, Mick Eccleston
of Grantham High, Bruce Longfoot and the forbearance of my wife Barbara during
the preparation of this work.

R. HOLDEN







FOREWORD

Finally a long need in Engineering Science has been fulfilled by the publication of
this book of solutions.

Mr Holden has taught Engineering Science since its inception in 1966 and has
always had a passion for the mechanics section of the syllabus. His membership of
both syllabus and examination committees greatly add to his understanding of the
subject.

To place this work in print, Mr Holden has obviously spent many hours in the
preparation of the solutions and their format.

I recommend this book as a valuable resource in Engineering Science to both
teachers and students.

John A. Gray
Inspector of Schools
(Industrial Aris)




(gravitational) force befween Jovo bodies and varies

Jo cAanje a 504/}/\'5 shale of /herff::;, ar Unéa/ancéd T
@sfem of forces musl a/:-/o-/j resul/tig & " cmce/;rail/wz@f‘

i INTRODUCTION . ...
Analysis. Engineering Mcchanics: Newfon’s Laws. Units. Scalar and Vector Quantities.
Accuracy. Order of Magnitude.

11 Mass s the amounl of

Explain the difference between mass and weighit.

maller o body conlains and
remaoins fOr?SfGl?f For ﬂzaf éédj- Un/'f'-a %3. (55@&:;»)
We/q bl s The offrachve

QCCOT’AJ;‘-LQ Jo /heir MOSSES and 7/7@ C/fﬁfé)ﬂ(‘@a 5eft4/een
hem Usua{é/ refers 7o the we{.géi‘-l force of a 50051
i‘eiaﬁwe Jo f}ée far'i%i. Uﬁ/'f- /Vewfon (!/scfow)

1/2
All stationary objects are in equilibrium. b al . / . é .
(a) Explain the meaning of the term “equilibrium™ A IS 17 eoviftbrs 12
as wsed in this sense. (a’) o _] ’ ? ! 7
(b) Describe a situation in which a moving object

is in equilibrium. WA Er7 7#]61’6 /'8 NO NETT ?%rce

COF mornenf) Qc?‘/}:j VOﬂ'lf‘.
& A body movirg with conslan? Ve/oc://u /s cansid-
~ered o be /n eyui//'én'um since rno nell force rs .
Operaf)};j, A’L" nelt force would Produvce acceleralio.
Newlon s End. Law of Atelicn.
13 :

s sianincens o Newons st e A body will rafurally
confinve fo do what i /s a/oirzj. /ol res? of will
remaire so, /¥ mow}vg willy corstari V:A;a}j/ i wiill

confinve 1o do so. 7his /s hknowrn os a boafyfs siertia,

Newtorn's I[s] and 2nd Laws of Molror

1/4 , _

Express the following quantities in their simplest .

forms by converting themto multiples or sub- M 67‘;’“ €S — mm 2 )2 mmm
multiples of SI units, either base or derived: ) .

0.001 2 metres 56000 kilograms Gr’ams ~ kg . /26 /{g
12600 grams 0.2 centimetres .

I minute 6 seconds 107 newtons Miﬂ Ufes - 5 ° 66 K]

k}'/QngMS“Tbnﬂgﬁz 56 f;)ﬂne‘&%ﬁ

Ce:?fimeffej =t 2 mm

Newlons —MN 10 MN %’

1

LR

!



ST units using the exponential system:

1/5 . _ =

Express the following quantities in terms of base BG se vru ]L kﬁ / Tonne /0 /<5
. 3

Base vnilm w1 2 kra — 22107 m

1 tonne 6 millimetres
%Ikri}e(;r:;eti?tson #hours Base vnil N /My — 10% N
Base ornif m 6 i — Gx/10
| Bose um’/ S =4 bhrs — I x .f035
glﬁaqsif the following quantities as vectors or S0 kj ~— Sca / <
ssify the following q
Zgalltai;osg_zrams 9.8 metres per second? 9-8 m -5~2 - ec ‘;‘ or
;8 fxg]\?v‘forr?setres Z/Ei?r': south-east 70 c(/é/ c mei‘r‘fs — Sc 0/ <
1 second 7 . eﬁ.es . SCQ/Q'/"
30 /Vewfor’?.s — VeC?‘Or‘
T melres S—-£ — Veclor
/ secorn o — Secalar
1/7

Draw vectors to represent forces of 5 kIN vertically
up, 100 N horizontally to theleft, 50 N down to the
right at 30° to the horizontal.

Sca/e L P P

elo Y,
Sca/e : Agk'\’
10 enen = I!(A/ 30.’
1/8

DetermineAboth graphically and analytically the
resultant displacement of a helicopter which flies
100 km west and then 200 km north.

,D/S/:/ocemenf B §/00z+ 2oo?

= 2236 Am
Dire,c]fbﬂ
Tan @ = 782
=2
O 634 Nef W

200 ko

Secale : Crm = 1w

50w~

D/:sp/acemenf
224 km
630/\/0}7 W

56‘0/6-' /Ih'sm = Eén’?

\

:63°
100 km @ 3




19

_ o . ® 100 femT
A pilot on a cross-country navigational exercise .

has been instructed to fly 100 km north to point 4,

then 200 km west to point B, then 300 km south to

point C and return to base, Using both graphical

and analytical methods, determine:

(a) How farishe from base when he is over point C?

(b) What is the bearing he will nced to set on his
compass in order to fly from point Cto base A/?

B e 200 A

i A .f/ .
5 §,oo LT, S Dislonce
{ MC: /200" + poo From M
T S e ke
; A
306! s
; ‘A..«"‘; 3200 = 282 "8 Am 350
; /,,u" y 2] 8 - 456 (S.v\/.)
| gm e 200
© Zoa 7-;,«, @ - ‘égg C
Scale © Jwm = 4 ko
©: a45°

//e /S 2828 ki S 07( Aase and A/.s cOmposs bearfnf”f’:

will be WNE£,
1/10
Determine the order of magnitude of the following
calculations using approximation techniques and
then obtain the significant figures for each
calculation using the slide rule.

. 980 x 110 x 8

(Q} (/’5/}'}9 Sﬁniﬂcaryf ﬁgures and order of majfn/fua/e,

'/f“/f.:»pr’ax‘. {83(./0-”) x (4-*“02) x (“3"’0")

6;'?,/351‘?5:{34»-;7[" f?f,;u/‘ffj —_— B xax 2 or G4

/ (~t+2+2)

. 3
Cirder of magn{:’tuc/em /0 or (O

&

oo Afﬁ/c'f“ox, Arnswer — GLO0O
B;f Ce:?/xcu/afb/' —— 5*6/393‘03'6

’
/,{ftr’ /"',{}SJP'"OX. (/xfos_) v (1% 1{)2_) x (/ x /0 )

(Zx 103) x (lxloz)
- ek 7 - L /Xt x| . .5-
’f//_gniffCan ?"/j?arcj 5

{3+2+1+3 "2>

Ve

Order of i»wagnz‘fzude—— 10O /O

/‘?/Dpvox. Answer’ — 5,000, 000
By Calculalor — 33952756




Z  FORCE
Gravity. Weight-force. Equilibrium of Bodies. Using g in Calculations. Mass and Force.

Centre of Mass. Characteristics of aForce. Pressure and Stress, g 210 m /S 2
2/5 .
What is the ST unit of force? What other units can ( )
be used? Why is it incorrect to use the old gravi- m € NE WTON N

tational unit, kg 7

kilonewlon (kN)) meganewfcn (MN) ele.

7(37["/5 rol an S. 1. onil and herefore canmol be
vsed s lhe S.] formulae. (See P 22)

2/6 . A FORCE can : /(eep a bocﬁ/
Describe two effects of a force. Explain the . . . X

relationship between mass and weight-force. How ' eouws / 7 A s Or \9 e o

can the mass of a body change? How can the .

weight-force of a body change? boo/-)/ ace 6/8 ,-Qf, or.

7 The mass of a Aoaﬁ is The amounl of maller /1 Confa/nSJ
- /s ,Wefg/vf ~force is the force with whick /1 /s allracl-d
7o the earlb. /fs rmass does rol C‘Aanje bl ils weigbst
-férce C%)anﬁes Aj Q/fer‘i}fy /73' C//S/E?ﬂce O pre 7'/4'9—
zorffik cenfr‘e (6,9, \Spacec:"aff) or éy Ar/}vj/hj /'f
/nlla c:/ase /Dfox/}-n/f" 70 ano)%.er Aocé/ Ofgr'eafer‘ or
/955 /71955 %aﬂ f/ée eor'fh (e.y. Ju/or'fer or The moor)

2
MEmmeseegEns g5 e o
g = 9.8 m/s? first; then use g = 10 m/s2.) | —_— 4 —t
/ kg 98 w 10 w
10 kg 98 w~ /00 w
10-2 kg 9996 ~ ]jo2 N
27-3 kg 26754 N 273 ~

H », . 2000 ég 19,600 ~ or [9-Chy Z0000xN or 20 kw




2/8 ‘

Suggest values for g suitable for use in each of the ‘ 1

following calculations. Justify your answer. &N

(i) Time taken for a pencil to fall from the desk to

the floor.

(ii) Time taken for a stone to fall down a deep
mine shaft.

(iii) Thickness of a suspended concrete floor slab.

(iv) Tension in a crane cable.

(v) Time of rocket burn for a satellite launch.

W 1O mf5> ~ Shorl Fime sparr , small evror.
(i) 98 m/s* — Long Time jnvolves hernce /arﬁe error,
(i) 10mfs> ~ Floor su/O/:orffs other masses so 5{/}57{'
error ts covered Z_ay Sa{éfy Faclor:
() /(jm/.sz — Lar:ye 507%5 Fa dor /hV‘O/:/ec/. \
(v) Precise valve of 'q" - Othernise orbit ete. will be
aftecle d

2/9

A bag containing 10 apples is hung from a spring
balance which then shows a reading of 1 kg. What
force is the hook supporting?

= mm g
= [ x 1O
= [/Ow~ -
2/10
Completely describe the force acting on each
anchor bolt holding the ends of a suspended cable
if the tension in the cable is 5 kN. ‘
|
1L
A
g | :

Skw on each bolt af 20° AO”/?- *




2/11 .
A child hangs at rest from a rope. Determine the
approximate mass of the child if the tension in the
rope is 300 newtons. What is the magnitude of the
force tending to withdraw the eyebolt from the
overhead beam?

mqg = 300
m = 300@
: 30k

S

Force on eyeboll

2/12

‘What is the magnitude of the force exerted by the
floor on each leg of a table of mass 50 kg? What
are such forces termed?

Reaclv

floor o
(COMPr‘e

2/13 )
Determine the tension in the cable supporting the
spring balance. The spring balance itself has a
mass of 2 kg and it is showing a reading of 20 kg.

Tolal Mass -

. Mass force

and T = 22

= 300w~ ?

Mass force of 7able = 50vi0
=500 ~

Eac!y /eg SUID/DOrB 50%_

or 125~

e forces offered by The
mairn 72};7 ez U/’/;’Ar/'um )
s5/ve)

22 kg
s 220N~

O~




2/14 .
A shopper tries out his new bathroom scales in the 7-?? e readi i’?ﬁ Or fA e sca ies
elevator while leaving the shop. He finds that the

rcading on the scale varies considerably. Why? Wl/j dépé"? d o7 fA e m 095’7 / f"
If the shopper has a mass of 80 kg, suggest likely

readings during three stages of the descent: - Uﬁe am C?' d:a"e @;SOH O‘f fhe
(a) while leaving the top floor; s 7(__ .

{b) halfway down; @/@Va fbr’ S acce j@ vl ory .
(¢) nearing the ground floor. . ’

(a) As The eiles/a ?‘bf sfarfs w/f;[f a downwar'a/
acceleralion the reading will be less Thar 80 kg
&) Al vniform Ve/oc}/jy (vp or down) fhe scales
will read 80 /}7 |

© As f/?e eleva c;f d’ece/efafés an GF,@V"OQC/N}?g

The ground fhe reading will be Ggreafer Than 50%9

2/15

The window shown is open and in equilibrium.
What is the tension in the sash cords if each sash
balance has a mass of 5 kg? ’

Problem 2/15

Forces Verﬁé:a/{y

2T = 2mg
T = 50~
2/16 T

Determine the force in the chain supporting the

steelyard. The balance weight has a mass of 3 kg

and the beam a mass of 2 kg. The steelyard is S—
horizontal when the balance weight is positioned =

on the 20 kg graduation.
2kg 3 kg
20 kg ;'
% 20w Y
30w

Graduated bar {kg) 200 N

()

Weight

Forces verl
7 = 200 + 20 + 30
= 250~

Carcass
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217 . R : LTG0
The tower crane is 100 m high and is supporting a

e

load of 5 tonnes at ground level. Determine the
approximate tension in the cable

(i) near the hook, and .
(ii) at the winding drum,
if the cable has a mass of 2 kg/m. €
= 8
T £ "
Cable mass - 2oo kg Chn Zk:i “ %
Cable mass forve — 2 kv = LD .
5000l — §
& At hook : l
Mass - S000 kg Buckel 50 Ly

- Adass Force (T}} 2 50 kn

(I/) Af' d/’uﬁ’? e
Mass — 3000 kg + Zo0 tg = 5,200 kg

o Mass Fforce (7"/}) = 32 kw
2/18
Billiard tables have an extremely flat surface, made -
of 75-mm thick, polished slate which is covered S/ ole n"Iqss 750 '4:7 .
with green cloth. Determine the approximate , . - g
force in each leg of a billiard table, given that the v MO‘SS for ce 745 Aw /
slate has a mass of 750 kg and a full-size table is & 7 . Lo le
4m x 2 m and has eight legs. or /79 ox. o 94 4 \j-

If the maximum point loading the floor can
support is I kN, should a slate table be installed, or

will it be necessary to choose a lighter table with a
chipboard top?

 Mass of Slale - 750 ég;
.2 Mass force = 75 kw~

No ;. If the force per /’ej canncl exceed ] 4w,
lele 7‘27fa/ fOrce f/)e f/c»o/’.(‘an 56//0/00f/L /5
E Lw . 7his /eaw:s on/ 0.5 kn or JO ,é_q

mass For The Jable Fframe /?95 ele. This
is nol sufficienl so fthe slale foble

can't be imsialled.

A Table wilt a/éar‘ffc/e board 7@0
would be safszacfog,



2/19

Each 10-person elevator in a 30-storey building

has a mass of 1500 kg when empty, and is sup- Ca é [e mass

ported by six cables, each with a mass of 1 kg/m.

The counterweight has a mass of 2000 kg. 2 30385 «wivd ,!(3

(a) Determine the maximum static tension in each
cable.

(b) Under what set of conditions will this occur?

(6) An elevator car with three persons aboard is _
stationary at the tenth floor. Determine the 30x38KIx6xiD
approximate tension in each cable: (i) near the loooO
elevator; (ii) near the counterweight; (iii) near
the winding drum.

(d) Ts the value for tension obtained in (a) suitable
for all conditions of operation? Justify your
answer.

Floor separation in the building can be taken
as 3.5 m and 85 kg as the mass of an average adult.

-

.

Caé\/e 1 asSS far’ce

b

63 k~

3¢

30 % 35 ¥ 6cables

1o persons mass force : 85 kw

l GrOUn d
l Floor

@ Moax. lennsiorr occurs when lhe car é-fkuv ?6,3;(,,
/s close lo the 3roanc/ f’/oo/‘, where The 15 kw
force /s 298 kv

Tén.szonéab/e = 496 Lr

= At w}nc/z'nj drum when fu/!y Joaded car is Jusf abore
grounc/ f/oor',

(C) Mass fOr'Ce of 3 persons /S E55 Lk~
) Total foree al iy = 15+2:85 k~

[grey)
s
=)

(i) 7

- Ension/:a ble = 2925 kw~n 1 | ‘gr
() Total force of (i) + 20 kv ¥
< 7§nsfbn/c'a b+ 333 kw~ E 3 L ..
(i) Near DRUAM. ‘2 < we;'gqu’
C/weight side N

Mass foree of cable 2 ko . V20 kw
e Tolal foree = 2240 ke
and 72)’)5{.01’7/(3@6/6 2 368 kv
Elevalor sjde
Tolaf force = 18+255+4-2 = 2173 lew 2y
and 7;:151'0;4/5615/& s 3625 kw

e S

B

15 kw

CCI) 400 kv i1s For ejw'/férzljm. ACﬁ&/era?ebﬂ Wi// vary ’7%!:57.

3 ;;:wuﬂj i

re




2/20

D/etennine the approximate size of the square
concrete foundation base required to support the
steel column of a building. The calculated load on
the column is 12 tonnes and field and laboratory
tests have indicated a suitable bearing pressure for
the ground on which the base is to rest would be
100 kPa (0.1 MPa).

i 12 tonnes

S T e B B B
100 kPa {maximum)

/4"20 = Loa c%?res_sure,

1}

/12 =« 1000 % /0 v 70O

logw »x 1000

gy

2/21
You are sitting on a drawing room stool which has
a mass of 4 kg. The total area of the feet of the
stool in contact with the floor is 1600 mm?2.
(i) What is the pressure exerted by each leg on the
floor?

/2 5?, mefres or /- 095 rm 59.

/lssume a mass of &ij

; — 84 K«
(i) What is the stress produced in the floor under ) 75]2 / mass 5UP /D Orfeo/ 4 jg

each leg?

If you now tilt the stool back, the area of
contact with the floor is reduced to about 80 mm?,
(i) What pressure does each leg now produce on

the floor?

2/22
A car is raised on a single column hoist for service.
The car has a mass of | tonne and the hoist hasa
mass of 0.5 tonne, .
(i) Determine the compressive force in the base of
the column of the hoist.
(i) What air pressure will be required to just

support the car if the column has a diameter
of 250 mm?

& 7ofal mass -~ 1500 kg
L Mass ;;Dr'ce = IS kv

07) Pfesﬁ‘ur‘e fo Ea/ance
7’/71’5 fdrce

2
/15000 x g x 10
7T % 2850 x 250

306 kPa

A2

.. Fressure = %%19. AP,

or Pressure//ej > 0-13/25 rMPa
or 131-25 kR

(i) The same - an e?ya/ reacil/oﬂ,

(Ii") H’C‘ssureﬂfg - B4xlo - 8280 £#

8o x2
(4.0 ileej as muc/z as I’\.C"j)

Air
compressor

7+ Oil and air
- reservoir




3 CONCURRENT FORCES
Resultants of Two Concurrent Forces: Graphical Solution ; Analytical Solution. Resultantof

Three or More Concurrent Forces. Components of a Force. Analytical Resolution of Three g = 1o ""/ s*

or More Concurrent Forces. Equilibrant Force. Method of Solving Problems.

3/5
Determine the magnitude and direction of the

resultant of the two concurrent forces shown.

J867"+ 500
100084 ¥

R

11

%0 &

b

ol
3

e 867
500

= j"734
@ = 60:03°

Problem 3/5

Tractor

3/6 s
A barge is towed along a canal by means of a rope § e
attached to a tractor. The direction of movement -
of the barge is kept parallel to the canal wall by %  Direction
off-setting the rudder. The rope makes an angle A > 2 Force
of 20 degrees with the canal. If the tension in the Canat  EffECH ive Jowing

rope is 20 kN what is the effective towing force? Problem 3/6

Rudder

500 N

%1 Inen 2 JO a0

Effecf/‘ye %w;nﬁ Force = 20 cos20° or /8794 kv

37
Determine graphically and analytically the hori- >
zontal and vertical components of the force - £
acting at O. S
g
Sca ig ¢ Jmm = [k >
e . f \30°
o == Horizontal
3 Horizonlal comp.
é%f' = Joo cos 30°
o it : 86°6 ky =
O °
v | Verfical comp.
20° 86 kn z /OO sim 30°

5O kw ;




,,,,,

3/8
What are the components of the 12 kN force in
directions Ox and Oy?

Horrz. Comp. = /2 cos 30°
: 1039 ky —=

iy

L1

Véﬁ"f: CO)’Y?P
| E fw

0

3/9
Replace the system of forces shown in the diagram
by a single force which will have the same effect.

12 sim 30°

o 100 cos BO° = 736 Mn
Z: /OO sin 80 = 98-48 mwv
Yy: 50-1736 = 32:64 MmN

s (0375 my

3/10

T/he figure shows a gearbox which has a mass of
100 kg. During a lifting operation it is supported
in the position shown by a rope 4B and a rope BC.
Determine the tension in each rope.

e

Resolve verl

7;5 cos 30° = 1000
7;5 = JISL ~

Joe so/a/e Fors=.

U

Tac Jag COs 60°

S77 ~

e

R = [98-48% 3264*

Tarn @
Qo -

1000 N

7766 ° ]

Can also be solved by sin rufe. cos role &5;»0/0},,;;0{/)/

SCcy/e S F IO~

Tac 580~



3/11

A steel ball rests in a groove the sides of which

are smooth. One side of the groove is vertical, Rw

while the other side is at 40° to the horizontal. e
If the ball has a mass of 10 kg, find the

reaction on each wall of the groove.

JFesolve verl
Es!ope Sim 506 = jO0
Rs/ope s /30-855 ~ Z_;S;O‘

R eso/g/e /70 !"i.Z .
R = 130-55 cos SO’
s 83-9)5 v <—

/ Rslope = 130~

55@/2-' lowr = 2w

10607 |

- 40 kN
40 kN RN
A 45° B
Find the magnitude and direction of the resultant e
of the three forces shown in the diagram.
45° -
Y
. =50 kN n
Resolve horiz. ,
50 - 20cosas = 2072 by —s 6 :72°
Réso/v’e verl $ §__g_a__/g Y PPy Y
40 + 40 sin 45 : 6828 kv |
L : B,

"

R: /2172 ca-28

= 765 f~
5828 | v g
o ® 3
e 7235  |\*¢ 9 R -
‘- 24-72 -




3/13
‘ Three greasy stecl pipes of 50 mm outside dia-
meter are stacked in a wall rack as shown. Each
pipe has a mass of 25 kg, Discover the forces
i acling on each bracket.

Resole mass force of roiddfe

p:}ae af 30" 15 horiz. o give
reacliom ée{weeﬁ pipes of /125x

EQSOIMQ Verf.
R,+ 625 : 250
R, !67-5'4\/?
Simidacly Ryt 1875w 1
Resolve hovie .
Rz : /125 cos30° 4 Rz
10825 ¥ —=—  Similacly Ry < (08 25w—— 24

Re,

ey

L8]

3/14
The car shovyn in the diagram is held in a bog by —
forces of 1 kilonewton on each side. Three ropes

are attached to the car and forces as shown are  —e— |l
.

applied to the ropes. Will these forces remove the kN

car from the bog? Justify your result,

- 866 N

| Eesoiye bhoriz., E€Lcos 30" + SO0 » &6t cos 30 = 2
e Z 2

No . 7;76 {yjfém ié e Q?yl‘/f.be’/‘ym

3/15

An ocean liner is being towed by three tugboats as
shown. The tension in each cable is 5000 MN.
(a) Determine graphically the resultant force
acting on the bow of the liner. (b) If the tugboats
cannot opcrate salcly when the angle between the
cables s less than 10°, where should the tugboatsbe
located in order to produce the largest resultant
force? (¢) What is the magnitude of this force?

Booo

i?esu//&an?" /L. 500 A %

(b) Ome on cenlre /;%aej others 10 efher side

©

SOOO rare

Resulfen? 78000 ram

v/




10 N
3/16

Find the resultant x component and the resultant y
component of the force system shown.

Resolre horiz. ¢
Comp. = +4 =+ Bcos 30 ~ 10 cos 30
T + 227w

Resoloe verl Y

Comp. = +I10 5im30 + B sz 30

s +9~

3/17
Determine the resultant of the three forces on the

welded joint shown in the diagram.

Resohe hboriz.
200 + /00 cos 60° — 100 <cos 43"
2 179.29 mw
Resole verf.
100 sim 45 + /100 Sim 60°
2 1873/ mw
R:/179-29% 157.31™
= 23852 mw

chle = A = 250t

200 MN

Tan @ - /57.3%79'29
o @ = 4126 °
3/18

A pair of shear legs is used to support a load of
1000 kg. Determine the force in each of the legs.

(The legs and load rope are in the same vertical
plane.)

/?esolv‘e boriz.
F cos 70" = Fe cos 70 .°. F, T Fg
Eesgla/e verl.
10 = Fsin 70"+ F sin 70°

F = 5-322 k~ (in each feg}

A 100 yw




¥

A

! 1

1 3/19 ! P

i State the conditions of equilibrium of any 10 kNM

coplanar system of forces. 30

If the force system shown is in equilibrium, §

find the value of the forces P and Q.

For e?u//ibrf(/m P Xxcr0, £ YO0, =EM:0

Resolve verl
10 + PsSin 30 = €0 s 30 =0
P = 20 kw

Fesolve hori=.
Pcos 30" + 40 ces 30 - &= O
@R = 5796 [fw

5CQ/€ N (o VSN 5-5<M

. " 20 kw
40 kn

3/20
Determine the forces in each of the members 4
and B. \

Gfﬂphaca//}/ o

&0
X A - J300 ~
A .
§;.£;a_l§ = dmem= 20
B A Rope
B 1000 N T 45 é,%

tooo "B - 1600 ~




3/21

A smooth hook is attached to the end of a rope
which is looped around a stormwater pipe of
500 mm diameter and 250 kg mass. Disregarding
friction, determine the angle @ and the tension in
the rope.

 Simce there i7s no fw‘c?ﬁbrz The
3 forces AN musl be e?uaf
for e?ul'!/:ér,'umg

Resejye Verf, -
Ficosel + Fzcoset =T
Cosol = 0-§
ol = 60° amnd @: 120"
/?@pe, Jension - _2_’_‘_5_;_@»_{1’

Cym ; e d
Determine the forces in the jib and tie of the jib |Lasier solve
crane shown. G,.th jca /!_y

/4 ABC . v
Cos A - &L x4 -3
os Z'x 8.5 % 4-5

A [+
S A 2807

Sin C Sin A
4-5 &

. & = 25.06°

Resolve verl
S - 5 Sem 61-93!’-% O sim 36‘87.-’ O

i

9

- g - 08824b -9
0.6

12?86@/1/6 /Zfori.z.
a cos 36-87° — bcos 6/-93° = O

O-8a - 097085 b =0
SubsT

9.88245“9
. -0 s5b =
O 5( o e ) O-470 o

b (Jib force) = |6-8 kn

and a (Tie force): 9.7 ku




3/23

In each of the systems of forces shown, the con-
dition of equilibrium may or may not exist.
Determine the force necessary for equilibrium if
that condition does not already exist.

(@) Resolve hors=.

55 +70 cos 85 45c0s16 - 81-5 cos "7?:0}

s [/ O89S AN —p
%

?eso/ve Ve r?‘:

815 cos20 - 245 sin 10" ~70 cos 5°

= 0-96 ~ |

R

[1%

/u'os"* 0-9¢*
J{- 13w~

Tan O = 956109

4

@ = 4-94°§

Nt‘)f 77 Q?VI./I‘AI'I'(JW, {701‘/)'51"0117‘ I.S 13w Qf 4:94 ° L,

4S8

L N
'3\\
(bﬂ‘? \\
N
l \
\
\
AN
. 372; : \\ Scale = Srm = In

N\ &0 kn
\

£ 20 Ly

% 375 e

}9’/’ 60°
30 kv

&0 kn

Resolve horiz.
30 cps30° ~ S0 cos 6o
25-9807 ~25 == O
R&SO/:/& v’er’f.
37-5-30 5imn 30 - 50 Sin Go°
=208 kn |
Mol i1m e?}ui/z'éw'um. For

gfui!iér}um inerease The

375 kn force ly 20-8 kn




3/24

T/wo forces, L and D, of magnitude L = 1000 N
and D= 1200 N are applied to the connection
shown. Knowing that the connection is in equil-
ibrium, determine the tensions T, and T,.

Resolve vert
LSimi1S°+ Ty Sim GO

7;‘=

=D
1086 -8 ~

Re.solve horiz.
L cos 15
4225 &

7y + Tacos 60° =
T, =

325

One of the joints of a pin-jointed frame is shown in

the diagram. Describe the forces in members A
and B.

N

SCQIQ = Limmsz § ke
ISkw [

3/26

A container and its contents have a mass of 10
tonnes. Determine the shortest chain sling which
may be used to lift the container if the tension in
the sling is not to exceed 100 kN.

RéSﬂiM& V'er?‘:

100 Sim & + 100Sin & = 100
Sin @ : 05
@ = 30°
ln A ABC
o - 25 /cos 30°
= 2:-885 m
S Slfmﬁ éenjﬂv = 577 m

Scale = lmm = 20~

Resolve verf.
15¢co0s 30+ B cos45° =
B : —9-885 Lk« (C)

Resolve horiz

A+ 15cos60°=
ij s = Lo OQ?LHCC)

é‘i" = 100 kw

2 Cham sling

12 eos 60°

e
850%45 + ]2 c%§3(30

T ¢ 60 kot




3/27

Miirren is reached from Lauterbriinnen by a
funicular railway which travels up and down a
slope of 45°. The cable passes from one car through
guide rollers between the rails, around the
winding drum, and back down to the other car,
Each car acts as a counterweight for the other,
thereby reducing the power needed to wind a
loaded car up the mountain. The difference in
elevation between the two Swiss villages is
approximately 1000 m (Lauterbriinnen 646 m,
Miirren 1647 m). Each loaded car has a mass of
5.6 tonnes and the cable connecting the two cars
has a mass of 2.8 kg/metre.

Determine the approximate tension in the
cable when there is a loaded car waiting at each
village:

(a) near the car at Miirren;
(b) near the car at Lauterbriinnen;
(¢) on each side of the winding drum.

" mass

1

A4

» smass feorce © 39-59 kw

JOCE

28 = 1414
39592 kg

COMFOn&nf Of Caé/e fbrce af?l 45&' = 28 kw

Cornp, of 723/0 car mass forece ol 28° - 39-59 Ln
Caf’np. of bofforn car mass Force at 25°:39.59 La

(=3 . Tension af A
by Tension al B

© &) Temsion al C,
af Cz

(_/’) 72/7 s/ O s

Al

A

{s

9

ot

39-59 L
3956 Lk~
39 .59 4L~
39-89 + 28

67579 ka




3/28

Fred's new I-tonne car is being unloaded at the
docks. A guide rope is attached to the crane hook
A so that the wharf labourers can swing the car on
to the dock. The crane cable is 10° off vertical and
the guide rope is 30° to the horizontal. Find the
tensions in cable and rope.

Te

Sca/e- 10 mm
: ék” =

N

O kew TR.

}?éso/\/e i‘aorz'z,,
7e cos 80 : 7Tpcos30°

/¢ = 7R cos 30"
LR cos 29 .. ®
Cos 8o

Fesolve veri.
Tsim 80 = 10+ Tg Sin 30"

Subs/.
7220339 Gin 80 - 10 +7p 5in 30°
Cos 80°
g = 2266 ew
Sobsl im @ 7o = 1/:3 ke~
3/29

A man raises a pole of mass 20 kg by pulling on a
rope. Find the tension, 7, in the rope.

Tz 140

L i

/R 300~

Sca/e—— [ mmm = 333w

?500 » 200w

F



4 MOMENTS
Moments. Sign Convention. Parallel Forces. The Moment Arm. g:- / Om/s >

4712
: The maximum pull that 2 man can comfortably
exert on the handle of a spanner is about 250 N,
' Determine how long the handle should be if the
maximum torque to be exerted by the spanner is

50 Nm. 250 N
7246 & Orvy enfs aéou? A
. 250 = & = 50
2 2 2 OC0 mm
° S, Force F
4/13 ,F
Determine the minimum force F required to move
the brake lever. Friction in the connections may
be neglected.
Toke momenls obouvl Fuolcrvem g
S00 ~ 200 = [Fx /000 .
~ = /OO w
' Fulcrum 4
ey
3
Sy
SN

4/14 £
You are removing old fence-posts with a crowbar,
which has a mass of 8 kg. The force required to lift
the post is 5000 N. What force will you need to
apply to the end of the crowbar to raise the post?

7oke momenls oboul A A
S0gg = 200 + 8oxigdg = Fxadgp r‘ GON
2F = /lo8o 2991 oo l
F = 540 ~ 5000 w ‘

415
A 400-N force is required to operate the foot pedal
[ shown. Determine the tension, T, in the rod.

7;.46 MOmané Qéaur A
i‘ 7= 1dg = 4gd = 300

7 = /200w~




4/16

You have suffered a flat tyre on your new car,
which does not have a jack. The car has a mass of
1 tonne (equally distributed on the four wheels)
and your girlfriend has a mass of 50 kg. Where
should you place the rock under the lever, so that
your girlfriend may sit comfortably while you
change the wheel?

Mass force of car = 10 kw

Mass Force per wheel = 2-5kw 7;;4@ moment\' abool A
Mﬂfj.ifo"’ce of gl = O-5 few 25 @ = 0.5‘<3=.;?)
? s O . -5—”'3 .
FPlace rock closer Tham 0.5 m 75 The cor
4/17 30 90
A clamp is used to secure a work piece to the table
of a milling machine. If the tightening of the nut T
induces a force of 1000 N on the bolt, determine F i Bolt
the clamping force exerted on the work piece. ! ul Clamp
Y

Take maments aAaqu Work A

1000 x 9§ = F x 12¢ bl
F = 750 ~
4/18 )
Tl}c ba‘r~bc'll hasa total mass of 50 kgand you have fooo 4 3
raised it with both hands to the position shown. v
Determine the tension in your bicepses. =

Talke momenls aboul A & A
7% 5 = 500 x 300 3

5
R .
7 ¢ 30000~ Sooi
: 3k~
/e /5 kwn s each bl'ceps mujc/e S
160 kN 3m 2m140kN ”

4/19 [ IA Y

Is the bar, loaded as shown, in a state of equil-
ibrium? Give reasons for your answer in terms of
ZF=0,andZM =0.

300 kN

Resolve tboriz. — N/ mell force
/?e.so/ye verl, — 160 + /40 — 300 = O
- ——m
/B0 x 3 — 4O x 2 = 200 karon
Neol 1 e?w'/iérflum. ZFy & F. - O, bul there 7s ar

anﬁ—c/océe«/r;se tﬁrm/ng momenf of 200 kwnm




F 40 N 30 N

4/20
The lever is just balanced on the fulcrum, What is A

the magnitude of the force F? %
7z
Take ymornienls Qéoi/f A

Fx2 ZO =2 + 30x2
F 130 ~

il

25(|) N

4/21 )
What pressure is exerted on the pipe when the
handles of the multi-grips are squeezed as shown?

Fx 308 = 250 x15d
A= /PS50
re /25 kv on each side of Mhe e

4/22

(a) Find the pull exerted on the nail bya pull Pof
200 newtons on the handle,

(b) If the nail’s resistance to movement is 1.5 kN,
what is the force P required on the handle of
the hammer, to extract it? ’

() Describe where the block should be placed, to
minimise the chances of breaking the handle of
the hammer.

250 N

(G) 7ZL£ mcmenfs aLoUiL A ) ?

F x50 = 200 x 300

50
F o= /2 kn~ Y /-5 kw
(b) /hcrea_fe F From 12 fo /-5 lew
Pe 100+ /-5 x50
P =2 250 ~

(cy Move block closer 7 Jhe na/'/.

Tom /ecoHarwARQ rooe
4/23 : > = ]
The sec-saw is 2 metres long. Tom (15kg) sits on
one end and Dick (18 kg) sits on the other, Where
should Harry (12 kg) stand, to keep the sec-saw
level? . oc

* 1SOn 20N 180 ~

Toke moments aboul A
128 = 2¢ + 154 %1000 = /8¢ « /000
/2 = 3000
X = 2850 semm




4/24
Calculate the tension, T, in the chain of the

bicycle when the 50-kg rider puts all his weight on
one pedal.

7Z/<e mow@zv/é aéouf axle A | ™
Tx 100 = SO0 » 200 L
7 = ) kwn

4/25

For the pivoted clamp shown in the sketch,
determine the clamping force, F, if the force
exerted by the bolt when the nut is tightened is
2.4 kN.

Talke 1770mcant5’ aboul Jhe ,O:'e/of
F?‘ /5Q & 2’4 x 785
F s /2 kw

4/26 F- : I

You are trying to push a piece of carpet under the
front feet of the refrigerator, so you can slide it to
a new place in the kitchen. The refrigerator has a
mass of 150 kg. What horizontal force will you
need to exert at the top of the refrigerator, to rock
it back just far enough to get the carpet under?
(Assume the weight of the refrigerator is equally
distributed on all four feet).

7Z)!<6 moments‘ aéouf A
Fe /-5 /50003
F 300 ~

1.5 m

= 1
&7

7/5‘00/\/

]

i

4/27
Determine the extra load on the front wheels of

the loader when it is carrying 2 m? of earth with a
mass of 1200 kg/m?>.

e

/1200 = %10 IR i
k -

757148 momentf a!:'ouf A
R 3pgp = 24~ 699¢

R = 48 kv

EFarlth Load

<



o

4/28
Determine the magnitude of the pull, P, when the
forcesshown in the diagram are applied to the lever.

%

1000 cos 15 ° + 200
1166 rmm
Taoke momenls aboul A
Px 1164 = £00 x 300 + /100 % 70O
P = /63~

aC

3]

4/29

The pin-jointed framework shown in the diagram

supports a load of 50 kilonewtons. Determine

(a) the tension in the guy wire; and

(b) the vertical and horizontal components of the
force exerted on the pin P.

{(a) Toke srmomenls aboel P

Tx&5 = 30x4
T = 40 kw

(b) /.Z\)esofv’e /70!';'3,.

Hc = 4'0 k” —
Fesola/a Ver'f,
,!/é : 3O Ewn %

4/30

One of a pair of life-boat davits is illustrated in the
figure. If all of the vertical thrust is taken at the
top pivots, determine the reactions at the supports
if the boat has a mass of 1 tonne.

Rgx2 = [0x]
Ka S ke —
FResolve hors=.
ARy = S hw —=—
FResohe verl
VR, = (O éav%
Two davits for eack boal
75/:7 SU/D/Dorts - ﬁfz/Jf CO//GVZS
- /D/'s/ofs

Boffom 50/9/905»2‘5 — Fvols

11

»
‘¢ &

2 metres

Ra

10 ko

. 51(;4 éaq. z/er‘ff;co

/

7

25 kw ea. Foriz,
[0S hw ea. bPori=.

Uy



4/31

A 1-tonne caravan is attached to a 1.5-tonne car by
a ball-and-socket coupling. Determine

(a) the reactions at each of the six wheels when the

car and caravan are at rest; Lo kv
(b) the change in load on each of the car wheels due |/o I5 kv~

to the caravan. .

(@) Car ,Ori/y:
' %lb‘kv
A .

TR;{, 2 - fRF |

72/«9 Fro enlks aéouf A
I5x2 = Rer3s
o Re: 857 or 4285 knjfisheel
and Rp : 6£6:429 or 3215 kN/iheel
Ve rs orz/):
7246 momeﬂtf aéouf b@//
IOx g = RKexdgd: S
Re = 8889 or 2:445 kufheel ; Reoll joint 1-114 kr
Car + Voar
7;/<e m0menf:s aéoufc
/417 » 2 + Reg x3:85 = /52
" FRs = 7-937 or 3968 knjuhee/ & Rp = 8174 or 4:087

g

9

(bY Differernce dove To var:— fﬂfi

S Fronl = 0-634 kv less () Rear = /745 kv more

15 kg 18 kg 12 kg

4/32 Tom Dick Harry
Tom, Dick, and Harry are sitting on the garden 800,300 600 | s00 299 1p0
seat as shown. The seat has a mass of 40kg. ‘ l \ 150N | 1g0a 1 "Eo,,
(a) What is the load supported by each of the twe

legs of the seat?
(b) If the base of each leg is 50 mm x 300 mm,
what pressure does each exert on the ground?

(0y Resolve verl R,_+ Rgp = 85
727.%@ mm-nen.fs OAOUrA
130 <« 30 + 200700 + 180 » 9FF + /1201668 = Ry x 148
' RR_: IS5 ~v & K, - 365 ~

1

48%0;(300 = 0-032 MFh.
3L nxz00 O 0249 Mfa.

L;bj) /?f. /iq /Dre Ssuvre.
Left /gf pressure

u
i




2 JO /oo
8 NON-CONCURRENT FORCES g ‘/‘/5
Non-concurrent Forces. Resultants of Non-concurrent Forces. Graphical Solution.
Analytical Solution. The Funicular Polygon. Equilibrants: Conditions of Equilibrium, The
Two-force System, The Three-force System. Reactions at Supports.

5/10 /
Can the three forces, the lines of action of which \

are shown, be in equilibrium? (Give reasons for )\
your answer.)

No. For a 3&):«:@ rorn - cancurrenl 5j5fem

= MM cannof ezue / zZero.,

5/11

For the parallel force system shown, determine: . 4m [
(i) the magnitude; : A

(ii) direction; and koo i

(i) location of the resultant force.

150 N 250 N

W ResulfarT? = 150+ 250 + 200~
) Verl /ba/!y dowr
() Lel £ be the e?ui//ér‘aﬂf (400,\(), o melres from A
Toke momenls aboul A
dooxoc = 250x 4
2 = 25 m,

5/12
Determine graphically the magnitude and location
of the resultant of the three paralle! forces shown. a
&m | 18m e i, D £q. = 400 rn
' 3 Scale =100 mm
= 50 mw
% [ 106 ww ]
200 amy ra b
IS
?R“. s 400 4 p
|
c

Sccr/e -~ (O mm = Fm

Pe:s://far:fé 400 mw Verﬂba/‘/‘y& d Y00 mw
dawrz 75m fo ?/)6
_a"’fj!’f of The 200 aw force




, E6.
O N

’ 100N 300N | 200N
5/13 :

A uniform bar with a mass of 5 kg has vertica ¢ l #
forces applied to it as indicated. A

(i) What additional force must be applied; and

(ii) along what line of action must it be applied to ' 309 ! 400, | 809 l 200!
hold the bar in equilibrium? ’ l
W), Forces down /100 + 50 + F00 = 3350~ Sox
F'or’ces UF s 300w~

' An ae?ui/férar?f forﬁe af 50 ~ ue /5 ;’?ee,dad
) 7zke n_romenfs aéouf A ‘
100 x 300 + SV x600 — 300 700 ~ FO»IX + 200x/1000 = O

L 2 OO mem or {(m To The i‘;{gl?]LOiCA

5/14

Find the reactions to the beam shown in the
diagram.

E@SO/VG !/efi:
R, + Ry = leow
Toke momenls abool A
Rpr12 = fOx4 + /100x9
.. Rg: 95~ & R, : 654

5/15

For the beam shown, find the reactions R, and R,
The reaction R, may be expressed either in terms
of its horizontal and vertical components, or in
terms of its magnitude and direction.

7:3'/<€: momenfs abouf A
Rp =16 = 500 5in60 %6 VR
Rg = l162-4 l<~f
FResolve horiz.
HR, + 500 cos 60° = O
HR, ° —250 kn <
RQSO/‘A./ﬁ \/el"ﬁ
| VR, + 162-4 = 500 s1~» 60°
VR, = 2706 kn |

2706 lw

R,z /250"+270=6‘
: 368-4 kw
Tan O - 250470_6




5/16
A man raises a pole with a mass of 20 kg by pulling

ona rope. Find the tension, 7, in the rope and the
reaction at 4.

Assume [he pole 7o be Gm Jong
Téée, l“hOrnent‘S a!aouf A

P ° ety °
200 % 3C0S 45 + Teps75 "= G6cos45 —

Tronar = Teios = ein 457
T = /42 N~

R es o/ ve s/er‘f:

200 + Teos 75 = Rsin @
2366 = RGS,‘,\? G ... 10,
Resolve boriz
Té‘frﬁ: 75 = RGCOS & YZOON
136-6 * R.cos @ 6>
Dryride @ Aj .
727)’7 8 = /-732/ ﬂ;s /s rrore 9@51{;{
e = 6o° <olred 3raf>/1/ca/{>/
Svbst.  136-6 = qu 0-5" See /Drvb}em 3/29
Ry = 273w ~
5/17
Find the ma

gnitude and direction of the reactive

fqrces at the supports of the beam shown in the
diagram.

200 kN

B 400 kN
2 .

PL. 200 ku
<§\ ~ e\ | 20|
\ d D
\ Re
Scale ~ Irmm = éku\ ,
\ Re = 350 ku |
\\ R, * 235 k~ fﬁ
\ | 400 ky
Qf



= I

30 kN

5/18 » .‘ ] W A
The truss shown supports portion of a drive-in o /44%%&
7
4%

theatre screen. Given that the wind loadings are
equal to a 30 kN force on A and a 20 kN force |
on B as shown, determine the reactions at the —
supports C and D. Ignore any other forces 2OKN
including the weight-force of the truss itself. 0

20kn force : Verl comp. = 20 sin 39

Horiz. comp. = 20 co530
30 lkew -:force.‘ \/er?". cormp 3O S 30.
Horiz. comp = 30 o5 3o

ﬁée momenls absoul HFe c D
Rp«4 : 20cos30x8 + 30 cos 30 %16
Rp : 138 56 kv |
Resolve horiz,
HR.: 30cos 30 + 20 cos30 « 433 ke .. Re = 12(54 kv -

Resolve verf. ] and @ 69.1° ¢/
VRez ~305im 30 — 2050030 + /3856 kn = 113-856 tey T

s

w i W

<@

A}

113

?wec Rp

5/19
The bell crank shown is in equilibrium. Determine ) »
the reaction at the pivot pin, and the force F.

Talke momenfa[wouf Jhe prr.
Fxg = JOO=x 3¢

FrleosB0’ = 100< 0.5 co330°

o Sow

)[\)250/\/6 verl. Reso/ve horiz. .
Fsimn 60 : 100 smm30 + Ve Hp + 100 cos5 30 : Feos 6¢
Ve : ~67 or 67wl Hp = =b1-6C or G167 =

}?e:u/fanil B /?eaciéz.on - G202 ~ af 62 °

5/20
Find the single force which could replace the three

given forces without altering the overall effect of
the loading on the steel plate shown.

Z.ef 7;76 éguf//'br‘anf be [af 3¢ man ﬁ"omA

Resolve verl. L

100 kN
] E

£+ jo0 = 100 + 200
£ 200 kN
Eée’;women]fs aboul A
100 « 138 + BBDBxsx = 200 = 2BY
X = 150 mera-
Resu/i‘anf /s 200 kN downr ]Araz{qﬁ ID/a]Le cenfr*e s

1




7K

5/21 .
Graphically determine the tension in the cable B,
and the reaction at the pivot 0.

-SCO/e. — Jonm = 3’330\’

Tensiorn in B

Reaclion of 0

CE25 v ——
3350w~ of G ° —

Difficdt 1o oblon grapl—n'c.o/ accuracy dve lo small énj/es.
Take momenE’ of:souf QO
75 = 106 cos 45° = 100 x Coo
75 = 848-5~
Sl‘m;/aré);) }?o Gnq{yf;vca,/;/)l CQ/CL//G/éd' /5 780/\/ af 4‘;—

N

)
o

5/22 _ .
‘The bar shown in the sketch is not in equilibrium, 2m Sm . 4m ]
Determine the magnitude and location of the o <———a—5 - <~———>—2 - <———-¢»E -
force that must be added to the given system of ¢ ¢ \L
forces to achieve equilibrium. ,~
/ i ZL )L from A At
Lef £ be ]773 e?w /_Ar‘cirl Gl 9 v tr C o |
i
ll? es O/ ve Vveésr 7‘.. ]L A 7L A
= erils 4apo
S+2+] -5-E -0 néﬁ momb PO a
£ : 3w 552 % Frm - $22-/%5-0

5/23 2 : 3m from L.H.end

A car with a mass of I tonne and a wheelbase of

2.5 m is supported on ramps as shown in the

diagram. The rear wheels have the handbrake -

applied and are chocked for safety. The front /? R o) é
)7

Re

wheels are free to roll, Discover the reaction at
each wheel, assuming the chocks take no load.

Scale 10 mm * [ Lns

Fronl wheels 26 ka ea .

Fear wheels 2.7kw ca.
al 2745

RF s 52 kn

10 kN

10 kwn



5/24

A triangular support frame in a structure is loaded
as shown. Graphically and analytically determine
the reactions at the supporis A and B.

\ 300 kw

GRAPHICALLY

7150 kn

Scale — lmm = T hn

150 ku Rg d -
‘Rg = 560 kv —o

<
G

SE2 tu
a;f 45 AN “'




5/24 A
A triangular support frame in a structure is loaded
as shown. Graphically and analytically determine
the reactions at the supports A and B.

. B
Té/<a momen]g QEOU%A ®
Kg«l = 300x) -+ 150x1-732

Fa s 5598 kv —e

Resolve forces hoviz.
HRy + 3005230 = 5598
HRy = 409 -8 Lu
/:\2550/!/3 for'cgs Ver'f.

VR

A

JSO + 300 ecos 30°
4209 -8 kw

L1

5/25

Each of the beams shown below is in equilibrium.
However, in each case not all the information is
shown. Complete the diagrams by adding the
missing information.

' 100 I 100 1001
PO ST
A

P= 200N 300N
(a)

4G = 100 + Pl PP = 3dF =200
P = 200~
& R = 5OONT

150N 150 N 200 N
(c)

5/26
Detcrmipe the reactions at B and C for the beam
and loading shown. The beam has a mass of 100 ke,

%ée MOMG?NKS C?é@(/f B

E an -
Saordoo + A,

“

228 2 4209
Re 191:3 b |
i? esofve i/éi“;i .

R :

300+ 2850} + L5O ~
SOﬁ 7 Jeri

ty

-“ iy — a—y —
¥ 2200 7% D20+ IE0 %1000 + J[EORIZOO ) 501500

150 kN

Awmar~xTicarLy

RA:f409'81+ 209-8*
= 579'5/<N

Tan @« 9998 0.8
O 457N

@) T&Le momanfs aAou?‘R

Pg/¢¢ : 20018 + 3~UO><2§2(;:';
P 8O0 ~
& R: 1300w~ |

© Take momenls aboul R

200 d =150(200 ~ d)+ 150 (300-d)
200d+150d + 150d: 75000
d: /50 mm
& R : 500w ?

150 ki
150 kNlTSO KN

300 kN

250 kN
4

Re

A

/973



5/27

A light crane supports a 3-tonne load as shown in
the diagram. Determine the tension, 7, in the
cable and the reaction at the pivot 4.

Take romenls aboufﬁ
30«45 = 7T

7 2 135/65in30

: g5 hw
Resolve horiz.
HR, : Tecos 30
: 3897 kw
Resole vert
VB + T5/im 30" - 30
VRs = 7-5kw
5/28

Graphically determine the magnitude and
direction of the forces at the supports of the
beams shown in (a) and (b). 2

R b \/_38.9714_ 7,5?.

= 39-68 kw~

Tan ©: 7'%3.97 s
& =

/0-9 °

200 kN 200 kN 400

O-/1924

kN

.Sca/e —

: 473 kn
= 227 ku

75 °Z§_ d’

' 200 kw
e

Jomas = 666 /o/




5/29

The radio tower shown in the diagram is 2 m
square and 14 m high and it hasa mass of 5 tonnes.
It is supported against horizontal wind loads by
four guy wires attached 9 m above the central base
B. Its effective projected area of 10 m? is subjected
to horizontal wind pressure of 600 N/m% When
the wind blows from right to left, only guy wire 4C
] is active. Determine the vertical and horizontal
reaction components at 4 and B and the tension
Tin AC.

CG

Sm

roy

H/?A : T eos 5’30
2 L OEE Lo oo
'?65()/&/’6 horiz.
HRB * L0668 = 6
HRB /93 kw —o

o
Py

Pesolve verl
'" VR@ 250 - V/Q,q
55398 b |

=
-

A
7 Guy wire
e TN, [Avazvricaisy |
TEEEE
- EFA = /
ED s | 2« 756,53° = /327
AD: os 53° - /662
BD= 9+ /327 = 10327
B - B“D/fan 53°= 7782
BF: Bc </im &3 : G215

7-;246 momenfs Q!DOU]A B

7% 6275 : G 7
7—'= 676 k.«/iggo
Vk,q 2 7_:{;;7.530

L

3398 L~ #

Reaclions ol A

horiz. = 4068 by .

verlf. = 5398 fu 4«
Keactiorns af B:

hoviz = 193 fw —

Verl, - 55398 kw %

Tensron AC
r 6 7TE ku §53“
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The radio tower shown in the diagram is 2 m
square and 14 m high and it has a mass of 5 tonnes.
It is supported against horizontal wind loads by
four guy wires attached 9 m above the central base
B. ltseffective projected area of 10 m? is subjected
to horizontal wind pressure of 600 N/m? When
the wind blows from right to left, only guy wire 4C
is active. Determine the vertical and horizontal
reaction components at 4 and B and the tension

Tin AC.
| GraPyicAaLLY | I,
SCQ}@—/0mm = /m SCG/@-'IMM"@'QSI?IH o
{
I
{ 1
p
l .
{
/
A | i
C |
3 ! :
D < 6 kv g |
I
| i
[

A\

50!<~Y At A Fu
FV5

415 ku
5-5] kwn
Af’ B FHE- /‘45'&&’

Fy = 55 4kn

[ = 69 kn
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5/36

In the pivot drive, the weight of the motor is used
to maintain tension in the belt, When the motor is
at rest, the tensions T, and T, may be assumed
equal. The mass of the motor is 75 kg and the

#£100
|

diameter of the drive pulley is 100 mm. Assuming
that the weight of the platform 4B is negligible,
determine the tension in the belt and the reaction A
at the pivot C when the motor is at rest.

200

7o 76:10’ v ol
£B : 250 Jarn I15° = 66-98
BD - OA (See#{gﬁ)

200

OA = 5—0/:05 15" = 5776
BC = 2po - S/ 76
/48 24

4

40

e

CE = BC+ER = 215:.22
I A EJC s 2522 cos 15"z 20788
76 Fimdd Y ’
/n 4 OGH , 0G=50, GoH /134"
oc = [f2oo0™+ 250"« 32016
- CH = 37445
T7ake rmomments about ¢
» 7, %3639 + 73 «207.88 -
o T 3279 N
Resolve horiz.
HR. 7c0s15° + Teos £0°
S67-Ow~
Kesolve ver?. ]
VR, = 7850- 73/n 18" ~T5im 40
2 4854 .37 w
Re = !/567'.9&" 4384 -37*%

111

$H

= 7273w~

and y s CM cos /!‘349

750 « 250

7E50n

=

OH = 50'99

= 363:9

bol 77 =73

z: 435437

G 3866709




5/30 Rt
In the pivot drive, the weight of the motor is used

to maintain tension in the belt. When the motor is
at rest, the tensions T, and T, may be assumed
equal. The mass of the motor is 75 kg and the
diameter of the drive pulley is 100 mm. Assuming
that the weight of the platform 4B is negligible,
determine the tension in the belt and the reaction
at the pivot C when the motor is at rest.

200

|GraPAICALLY]

Combine The eiu'a/ Tensionr ’ '

far-cgs (7;’ & 7:’3) Jo pr'oc/uca Re
75 al 275 °/5 The hori= .
fﬁrogjf; 7/74:, PU//?)/ Cenfs"e_‘

72
2% -3 y 750~
75° .
e & ;_S_gg_é - /mm 2 3 remn,

.
é ) C i
Scale — Jmm < 10
Re:= 730~ | |
of 383° B\
325 ~
7504
,f‘:ai
G W p
Re.solve 73 info

Componenls al 121 ° either side

These will be the valees of 7, 87




5/31 1000
a——

1000
Determine the force F on the pistons of the two '
hydraulic cylinders 4 necessary to start raising the AL,
load of 1500 kg. Neglect the weights of the bucket oS s

and arms compared with the load and take the
centre of gravity of the load to be at G. Determine
the shear forces in the pivot pins at B.

500
<

lel The Porce on eack ﬁisfoa : F Vg '

Take momenls abov’? B eee cee
CF « 707 = 15 %2500 $
2F < 5303 15 e
Or £ 268 kn (each pisfo)A | i
Resolve hori=. Rg = /37‘48 +22.98"
Hag : 33 cas 45° : 437 kv~
2 3748 k~ or &1'9 kn each i
Resolve vert: 72n © = 22'48/37'48
Ve + 185 : 53-03 cos 45° o 5t
Va © 2248 Ly / : 3/9

A2F
2P /

45
i

!C;:JI. = 53 kwv
le. Zé'foneocl:/pf.sfon

RB s 4375 /C/Y
e 219 kn on each pjﬁ;
af 31° 7




A couple can be balanced only by another couple g = JO m/sa

6 COUPLES

Couples. Resolving a Force into a Force and a Couple. Resolving a Force-couple into a

Single Force.
6/6 S5 400 |
Determine the forces in the mounting screw for
the pot-plant bracket shown in the diagram.

7 PR N
Resolre verl” 5

Screw shear force S.F<20nw R—

Fesolve foriz. _
Tensiorr 7 = Reaclior K. 2ON

T2 R form arm onliclockuise C’OUP/e egua./ To (Tx !oa)
balarce d éy the clockwise !’bOmenf—(«?Dﬂ' 200 )
T x100 = 20x 40O

7 = 80~ (7eﬂsl'orz>

250 N

6/7

Fred’s “gone fishin’” and hooked a whopper on his
3m rod. Fred’s strength and imagination estimate
the fish to be pulling on the line witha 250 N force.
Fred’s left hand is placed on the bottom of the rod
and right hand 750 mm from the bottom of the
rod. What is the force in his left arm while playing
the fish? What is the force in his right arm?

Take momenis qboul A
Fex 7850 ¢ 250 « 2250
F,o: 750N
Resolve forsz.
/E::Q 2 FL+ 250
PN oo 2%

2250

6/8

A screw thread is cut with a hand stock and die.
What is the torque or moment being applied if
each hand exerts a force of 100 N and the effective

length of each handle to the axis of the screw is
900 mm?

fO0 x /B Aemen

ot

76;»? ve

= /80 Ne.
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K
6/9 1m

—
The cottage door has a mass of approximately
20 kg. Determine the loads on the hinges.

0"
C/Océw/'se fé’a(‘,f;br’) cou/o/e CR, + Ra) d LI L

= Anf/'-c/ac/tur'se c@up/le '(53 *K, and © T‘l {DIAR«;-.
200,«/) ‘ PR — R,
Kesolve horiz. K, = R, ‘%4_

¥
/?eso/;/e Verﬁ /€3+/€¢ s 200 , 200w~ /
7;’;4@ mamen/fﬁ' 7o ff/’:J?%f{ z/a,/ue.f Of 7/146 COV/O es
Clockwise = Ko x/5 W
/7nﬁ'-c/océw/:fe s KOO « O-5 Nz
LR, s 90298 - £6 67w
/ 75
A/foé?g f—,/?#) 08 2 66 ETx /S
/@h@ = 200
Max. !/a/ue For éf/%ef ’?3 or /?4 = 200 ~

1.5 m

6/10

A steel I-beam is cantilevered as shown. If the
couple at the support (the bending moment) is not
to exceed 100 kNm, calculate the maximum load
which can be supported at the end of the beam.
(Neglect the mass of the beam).

2000

Load % O ku

10OL % Cm : JOO knvm

L - 5 fa}?ﬂe S W-Ir\ laéﬂ 2000
6/11 £ [T *i-b Y £
The street lamp has a massof 12 kg and the bracket §
which supports it has a mass of 6 kg. f-b-——-z-—A £
(a) Describe the force-couple at the pole. £ ! =4
(b) Determine the minimum tension in the top R
mounting bolt of the bracket. }\ rao”
??ep/a ce mass forces wilh Force /!ou/a/e \
() F*x300 : 60x1000 + 120 x 2000
~ = rooo w (b) Cou/p/e a/é /oo/e Aa/a rzces
CO(J/D/e = /000 % O-3 (‘OU/D/E /O/‘oducacf bj bO//LS
| s 300/\//-77’ FX3OO = £, x 200
1000 x 300 = F, x200
y = /6‘00 A /T}
and f@rc:e/tau/o/e 15 300wa,) £

180w~



6/12 '
A wet blanket with a mass of approximately 20 kg

is hanging on the outermost line of the rotary
clothes line as shown,

() Resolve the weight-force produced by this

blanket into a force-couple system at the base
of the column.

(b) What is the bending moment () at ground
level? (ii) at peg level?

(@ Al peg leve/:
Force /c:;u/o/e /5

200w~ l 4
2004
b@/ance ‘cf af 7%5 50 27 Aj . 200w
Férce/co u/o/e 400 |
Zooa

.

(b) (’) BM af jPOUnC/ /é‘:/e/ 2 LOO M m NOTE ¢ This ’s more
B.M. at PEG lere/ T 200 #m appropwa/"eﬁz 3umil.

613

The long-handled shovel is used to lift 10 kg of
sand.

(a) Determine the force in each hand for the
position shown. What is the moment of the
couple exerted by the hands?

(b) If the left hand is moved to a position halfway
along the shovel (distance 0.7 m) what is the
force in each hand? What is the couple?

(c) Describe the position of the hands for easier

shovelling.
@ 7alke momenfj qﬁouf A Resolve verl.
Frx /| < 100« 04 Fr = 140~
F = 40w~

AH (s //fﬁnﬁ /00 ~ arﬁ{t)/‘ﬂ/;’?j w;fal7 20w . Hamd
COu/o/e 'S ZOxt or GO im

(B) Take rmormenls abouv? B Resobre verl
Frx O7 = /0007 Fo = 200~

Fr = /00w~ |

é/’f /3 //f?lfr?ﬁ I00 ~ <G f%y W/f% 00 ~ ", Hana’

covple Is  tp00x 07 or . 7O,

© The easses] Aanc/'/yosi/i'aﬁ 1s where Jhe couple

-effe¢7t /s /eaé‘f. le. h//?ere hands are ;‘?/r#-iesf apar‘f’f: i




(@

6/14

A 50-N pull is required to operate a certain bottle-

opener. Describe the force-couple system acting
on the bottle top.

Take momenls aboul A
Fre 28+ S0xco
A 120N
7—/26 fofce/c‘aulo/e c:f A s
s0x /1 and

e ————————

0«60 or 3nNm

6/15

A workbench seat is held in the position shown by

a vertical bar and supports a 75-kg man.

(a) Determine the reaction at A.

(b) If the inside diameter of the collar is slightly
larger than the bar, the collar will bear only at
points B and C. Determine the magnitude of

the horizontal and vertical forces developed at
Band C.

A

— F

(50

oo

|
7—%750/\/

F =150 TS50 »S00
F 2 28 kw
. Keaction at A -

& e B[]

o

c ‘K,_

- Fe
T !
Fr35o0 -
A~ =

T35 kwn

£y L4 L3

Ver) reactive

SON

500

28w

ot Horiz., reaclive #orce

\\,

\‘i 7SO N

750 = SO0

\

[ S,

de:/e/&/oec/ ol B
C -

7T kw
7 Sy

2y %¢

7[01"4:’25 a/e:fa/opea/ al BecC 729/a/ 735O w

P .

T



6/16
A fish pulls on the line with a force of 60 N.

Describe the forces the fisherman will exert while
playing the fish.

754’& m@men/:s' a,éouf A
Pr0O8: 60 35cos/0°
P = 4/3 46 A

At A
/?esa/we horiz.
Pz iR, + 60 sim 10
HRy = 354-53 ~
EeSO/V‘e Ver/:
VR4 605iml0
d /0-42,\/1‘

O+Em A vy

Ry - /354-53‘+ r0-42° Tan @+ 1092 %5,.53

s 354/~

6/17
Replace the three forces acting on the gear by an
equivalent force-couple system at O.

Nelt verl force = /20w~
Nett boriz force * SO~
/?650//Lar7/’ ¥ /20,.-*' 50’” = /30/\/
/Vef/ fU"ﬂl‘f‘)ﬁ e/fecf aéou}" O
o e, T~
90 O3 — 30x 03 — J,0=0-3 =

ey
:3A/Vm

30N

90 N
Tar & = /20/5‘0

© = 67:3°
130~

67:3°

6/18

Determine the torque in the steering column of the
motor car for the conditions shown. Find the other
force completing the couple for (a) and (c).

A3

100 « 200
20N m
/00 x /90
s 40 wm
(e 'fér‘?ue 2 /OO0 x ¢ (:x:-‘ 100 5in 30“)
2 1O N

(a) 76:‘7 ve

'

1]

(b) 7o r'?ye

For @) &) lhe comp/éfz'ng force prodl-

3
f%r‘ce‘/cou/o/e s yfﬁm

(100 N

vuc;ng < C@U/J/e !‘5 Sfegl”;zjﬁ C_O/Umn Reacjforz

1l
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6/19

Replace the three forces shown in the sketch by a
single force acting at a point along BC. The
replacing force must have the same overall effect
on the member as the combined effect of the three
forces shown. Find the location of the replacing
force and its magnitude in its new position.

.7,7)Q ge(/:s-f,;\(j é:ijé’/W? heos o relt fornfy‘)j

etfect anli-clockwise of (50xCo0-20x300) or 24000 Amm.

'72«2 /‘egw.r*e/c! 7@/"66 7Lo bd/ance 77746 ffjsfem (671/1/1‘51*0)47[) /S

s ——————

/Désfﬁéne,q[ 72 provfc:/e < anf/'-c/ockw/';e mc)menf @7( 2LO0O AMrmm
S0« o2 = 24060
X = EZEO mem ZLO 7%{ /‘(ﬁ?Afl of B

SO~ So Hhe fe/o/qcemenf force (resulfant) st be soxf

200 kN 100 kN 50 kN
o
A cantilever beam is loaded as shown. The beam is i ~
fixed at the left end and free at the right end. I ]' X
Determine the reactions at the fixed end. 300 500 400

Resolhre verl. — 350 kw
—//c;/ée moments OEOL}?L A
200300 + 100x800 + S0x1200 = 200 kn mn.
;?eacﬁbns- for eovilibriv,- are:-.
350 kvl and an anlir-clockwrse B.M of 200 kwm.

6/21

The pulley attached to the electric motor revolves

with constant velocity. The belt tensions are found

to be 400 N and 250 N on the taut and slack sides

of the pulley. Determine

(a) the shear force on the pulley shaft;

(b) the resultant moment produced by the motor
armature. :

(@) /Dc///e)/ shear for"ée /s The resulfon? of he #uo fo}"ces,

z?eso/:/a verl. /?V : L£O0O Sim 38°
= 2294~ f
Fesolve hor/z oy = 250 + 400 cos 35 -
2 85777 N —
/?esu/fanf = /229'43* 577-72 Tan G- 22%7;-7

iy

2] 5w @ = 29-:65° Ao

B  FHesuvllan! momenl - Loox78 - 250x 75

AT
s [l 285 N




6/22

A{ steel I-beam is supported and loaded as shown.
Determine the load on the support, and calculate
the magnitude of the couple in the beam

(a) at the support;

(b) half-way between load and support.

Neglect the mass of the beam.

/?esg/w'nj The 30 kw Joad force mlo a
forca/cm//o/e fysfam ol B
The load al B will be 304’;\/%
. — AT
(@) The couple irn lhe boam al B will e?ua/ 30 kn m
b) 7The cou/a/e irn The beam ol € will e?ua/ @m

6/23

A tclephone pole is used to support the ends of
two wires. The tension in the wire to the left is
800 N and, at the point of support, the wire forms
an angle of 10° with the horizontal. Determine the
largest and smallest allowable. tension T if the

magnitude of the couple at 4 may not exceed
600 Nm.

For max traorm Tensior , /%ﬁ B.AM, sel
vp al A will be n@iga/?'re (c/c¢/<wise)
00 =« >¢ —ij 2 =500

!}B
I

800 N 167

B0 x 5 cos 10 =T« Ecos 20" = ~6oo
7. 566 ~
For mimimom Tensiorn The B8.M. al A will be /Oas/ﬁ'z/c
S00 « ¢ — Txy = 660 o T s TIOo N

6/24
gnc of a pair of gravity davits is shown in the
lagram. Determine the loads on its rollers 4, B,
C. and D, when the lifcboat is slung outboard as 7;76 ,‘0//6}’5 af A and = WOU/C, C/é @
shown. The lifeboat has a mass of 1000 kg and

each davit has a mass of 500 kg with its centre of “fée’ ff‘ame S an d Se carry MO LoAL
mass (CM) as shown.

Toke momenls abouvl D
Rgrl =505 +35x05+ 102
/?5 2 25 hn ov 125 few —= cach
Kesolve vert.
VRp: 20 kv (10+2:5)
ﬁ esolve A‘orv'z.
HR.D = 28 kw
Rp: [257+ 20*
: 32 kw Tan @ = 2965
or [6 kw each 9*38-61&




6/25
The concrete deck is cantilevered beyond the
supporting wall as shown. Determine the force-
couple system at the wall face 4 for a typical
module (100 mm) of the slab. (Reinforced con-
crete has a mass of approximately 2400 kg/m?

giving it a weight density of 24 kN/m?.) P

2000 100

1000

Ll N T ’
LT e EOM e e v a ma e

900 1150

O-& kw O 24 kw

1}

Area of _Secfzbn 5 [R5 x 2000 mm°

Vo/ume Ouﬁ jecj}'on ,B

3
SES5 ¥ 000 x /OO

"t

W7 Force : /285 x 2000 x JOD= 24
IfoR-4
P06 A~
Ai’ea Of fecﬁ‘on C s /OO x rOOO mmL
. 2
Volome cf Sectorn C T /00 x 1000 2 10O men

Wt. force : Jo00x 1000 x 100x 224
102

X

O 24 Lw
721La/ w/!. force of moo/u/e = 084 ka’#
76:«*43 momenfs aﬁouf 7£0ce A
O-6Gx 900 » ©- 24 x 2050
e N
5 JO32 AN mem or /032 Nm

Forc*e/cau/o/e stfem al wall Face A

. TS 032 Ao
75 C
@0»\/




6/26
The diagram shows a monorail hoist cantilevered
through the wall of a factory, and used to lift light

loads with achain-block.The rolled steel section § § ,:8,
chosen for the monorail is a 200UB30 (that is, a N N9
universal beam, with a nominal depth of 200 mm s -9 kent

and a mass of 30 kg per metre). To avoid buckling, }

this beam should not be subjected to a bending B

moment greater than 15 kN m. Loads greater than o )

3 tonnes will cause local bending of the bottom

flange of the beam, at the trolley wheels.

(a) Suggest suitable safe working load limits for
the positions 4, Band C.

(b) Will the 50 kg mass of the trolley and chain-
block affect these significantly?

(c) What effect will the dead-weight of the beam r7
have on the maximum loads? (Q) F or P os /j; o7 /4

Keep in mind that a safety factor of about 4 to 1 is

used in this type of design (that is, the beam may .

bend appreciably (fail) at about 60 kNm) and

rationalise your answers accordingly. Your results M @55 7[01" ce O £ bear -

are to be painted on the side of the beam as a guide

to the operators. .

iFag Fa

J000 x 3O 1O !w
oee s 1800

. O9 kw
For posilior B
/CL; x /& + O9x15 = 185 7;,43 nvomen/:f aéouf.furiface o
Fa = 9 kw Lrn 285 + 0:9x /5 = /5
Allowable Load - T Fa = 4789 kw
.ZA//owab/e Laaa/-' o057
For /905/756:'7 C
forx OS5+ 0 9«/8 =15 /n each case The
Fe = 9/ ky S.F of 2/ has
A//owaé/e Z..an/: ___9j é‘een Con'jl'a/er”ea/

Note: A 97 load al ¢ will cavse local Aena//}:g of The
bottorm f/cmje so Joad al € js [imited to 3T

by Wilth a 41 SF builf 17, 7he 350 kg 7‘,~o//e_y mass wilf
/767V-e o effecf’ o) anj of he 3 /90:3/'7‘/.0!75

(©) The ﬁ:fa/ mass of beam am o 7Lr*0//e)/ s O-JA T

For /o5, A Jf the 0427 is igrored, the permilled Joad
G/?anje_s b/ 0/7/] 77 kg (526 - 47,9) or 92
For Fos. B The load c/:ar:jes éy 90kg (/000 - 910) or 97
For Fos. ¢ OF f%e allowable B.M. of /5 knm, Jhe beormn and
/J?o//e,y conlribule orz/j /428 bwan or 95 Y

Since 9/ 954 of e allowable BM. is well il 7%&
41 sA /he ﬁ‘&//:zyw bearr etfects will be small,

w
[ 8
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.uncouples his trailer. This thoughtless design puts

_..shown, calculate the minimum tension in each of

~ loose. Discuss the likely shock loading conditions

|

- 16/27

Despite the fact that towing trailers, boats, and ' ‘ _ 300 N
. 50, 50, 150 |
caravans forms a regular part of our way of life,
Australian and American car designers always . ' B -
- seem to put the number plate right behind the T T
towbar, thereby destroying the advantage of the A &

iquick-release ball coupling, and requiring the
driver to remove part of the towbar each time he

ta big responsibility on the driver to reassemble his
itowbar safely each time.

For the recommended 300-N static load

the bolts, 4 and B, if the other bolt has worked 70 70

when towing with a loose bolt. (Note: Calculation

_of the varying loads occurring in correctly

tensioned bolts is beyond the scope of this course,
in which we only consider rigid bodies.)

W/ the fronl bolf (A) s Joose
7243 momentf aéouf X
/g ¥ 120 300 « 270
75 E73 w (541‘/5;facfoiy)

1]

t

@) /I the rear boll (B) /s Joose.
Take mOments aboul x
Jax20 = 300x270
Ta 2050~ (Far Joo high)

Shock or svddenl /D/D/f'ec/ /oo ds are Usua/é/
Ca/cu/aféc/ af 2 Jirmes 7%—6 \?r’aa/ua{/] O/DP//EO/
ZU/Va/enf Joad.
For bo/f/\ LOSO N 15 more Jhorr & Fmes

7he cz’eSﬁr?ed stalic Joad




7 FRAMES AND STRUCTURES

Frames. Types of Bar Assemblies. Types of Forces to Consider in Frame Analysis : External
Forces, Active Loads, Reactive Forces, Internal Forces. Method of Joints. Method of

Sections.

7/5 .
The corner of a roof truss is shown connected bya
steel plate. The rafter has a compressive load of

2500 N. Determine the loads in the collar tie and
in the stud.

f?e/s“o/\/e \/er'f.'
Fs = 2,500 sin37°
Resolve horiz.

e = 2300 cos 37‘,

7/6
The structure shown in the sketch is in the form of

an equilateral triangle. For the loading shown
determine:

(i) the reactions R, and Rg;
(i1) the forces in members AB and BC.

7’&/<e momenﬁs aéouf X
RR'Z = [000O * 1

Ke: 8500 k~ f
}?eso/Ve t/'erf.

K. 2 500 ku

Joinl ABC
Reso/\/e !/é’é"f_ 4
BC sin 60" = 500
BC = 577 kw (c)

RKesolve bori=.
AB BC cos 6o~
289 kn (T)

fe

te

2500~

N €€)
4o /4 >

Collar tie ///Z :

Fe

)
ef,er

Stud

L

| 75
1504 -5~ (c)

113

/996 -6 ~ (T)

1000 kN

Zef merm be {
/enjﬂv ‘~‘ZUnl'7‘5

Sca/e .

b 290 kv (T)

R
B L

g

i )

gt

a

60
A 500 kn
Jont ABC

L Il
500
kn




717 _
A simple derrick is shown, which supports a load
of 1 tonne. Draw free-body diagrams of the load
pin C, tie AC, strut CB, and king post 4D, showing
all forces. Calculate these forces.

Reso/a/e Ver/:
BCsmas'+ AC sin30 = 1O

Resolve horsz .

BC cos45° = AC cos 30"

BC = 0-8gc Ac
O-F7O7/ i
Subsjf- and Solve 7o gre:

AC = 7:32 kv (77)

cand  Bc : 8:96 L~ () ¢
724462 rmomenls abou] D 10 ke
1653 = 30 ko 30° .
L Groond reaclion forces on Po.'soi;’l
are o ’%"‘C&Aou/o/e oo
718 )

2

A pin-jointed frame shown in the diagram supports
a pulley which is used as illustrated to lift a load.
Find;

(a) the magnitude of the force in each member; and
(b) state whether theyareintension orcompression.

Hesolre verl
BC 5/n30" = 20 + 20cos 25°

Bc : 20(1+ 0-906)
o5

= 76 24 kwn (C)

Resolre bori=
AB + BC cos30° : POsim 25°
AB S-45 — 8802

=T 2 =87 57 kna

o8

D Force i AB musl be reversed
Jo gwve AB : 57857 kv (T)




N

7/9

The crane has a mass of § tonnes with centre of
gravity at G and is beld in place by the pin con-
nection at A and the vertical cable BC. Determine
the force supported by the pin at 4, and the
tension in the cable BC.

Toke momen}fs aboul A
BC 15« 80« +300= 45
BC : 953 -3 ku}

s D
\ N~
A

A
Y
\
§
\
\
A\
kY
)\
\
{
%
\
\
S
kY
\
\
1Y
%
s
3
>
yT
\\
~
-
\\
\\
o
L’// // 7;36
//’ Ra

4.5 m

fonnes

J00 kv

Scale — lmm * G-6C7 kn
960 kn ¥
1340 i~ |

I
-

-
=

80 kv
Resalhe verf.

R,: 300 + 80+ 9533

13333 kx|

—




7/10
- The structure shown in the diagram is in the form L ]L !_’
of equilateral triangles. For the loading shown el eac
determine: 928 kN 2000 kN

() (a) The reaction R,. me p b er be /
(b) The reaction Ry,

(ii) (@) The force in member 48. . f‘
(b) The force in member BC. g unils /Dn.?
)

fa)Eée momenls aboul” X Y
R, x4 = 928x3 + 2000+« ‘%
R,: 1ls¢g /wT T T
& Kesolve verl
| Rg : 2000 + 928 =1/96
2 1732 ko f

(i) Joinl ABC

Resolve verl
3 C BC sin 60° = /732
| BC = 2000k~ ()

60° N

Resohe horiz.
AB = BC cos GO’
1732 kw : 1000 kn (T)

§732
kw

Scci/;e_w Srmm = 100 kv

BC : 2000 ki~ &)
AB = 000 kv (7)




711

Simple 3m x 4m frameworks of mass 5 tonnes
are supported vertically as shown. All connections
consist of smooth pins, rollers, or short links. In .
each case, determine whether the reactions are 1" eaec ;7 7(‘,-0 me ore /e_f/’e,,.e C_’i ABcCcapD
statically determinate and wherever possible, s

calculate these reactions.

A.Ssume 7/1& Cor/‘esfonc/:}u»s péh_jbz;?fs *<

as i freme 1. -p

D c L
7 (1) (2) § z (3) 3 (4)

(5) ) (6 (7)

(&) ' . @

[. Take momenls abouf D 5. Kesolve verl,

FBx4 5002 .. Fp: 25 hw  Fa o Fm .-g:_jf&f L

Resolve yvert Rp = 25 A,,t

6. Mo resfr‘al'nf a)‘ D, L”

2. Take momenls aboul A Frame wilf CQ//o/m‘é .

Fgx4=50x2 . Fp - zgkﬂf . _
Jaoke momenls abouvl C 7 R&S'OIV& Ver]f

Fa¥d =850x 2 .- Fy Zé’kvf My Fg o é_{_fﬁf i

No horiz. forces .. Fe = je]

8. Verl. comloor?erzf:i al AeB iL

3. Take momen?s aboul D are 25w~ %, bol boriz. Comp -

Fa* 3 =502 .- Fa ® 33:33 ki ~— -0nen73 can'l be found

Resolve HR, + 33-33 ku — INDETERMINATE

VRs = 50 kn |

S. D s free lo roll sideways L)

4. Tale romenls aboul D & A so The frame will Co//aps‘e.

HRa»3 = 502 HRy + 33:33 kw =— L

8 HRpx3 : 5052 . HR,* 33:33 kv ——
E&SOIVE Vérjr VRﬁ ¢ VR} 2 50
7773 SE are INDETERAMiIANATE




7/12

Two bars, 4B and BC, are pivoted at B. Both bars

lie in a vertical plane and are of negligible weight.

The end C is pin-jointed to a fixed bearing and end

A is pinned to a roller which is free to move along

a smooth horizontal surface. If a load of 100 kg is

hung from B, find for the position shown:

(a) the horizontal force P required at 4 to prevent
the roller moving outwards:

(b) the force in the link 48; and

(c) the vertical reaction on the roller.

Take mo.men/fs' aboul C

VRax 2 = t000«/

VRA = 500w~

Lef AC be
ZUhs’f—sS.

The force /i AB im order Jo /oraa/uce a verl componen]

of 500~ will be

‘5'00405 30°

=577 ~

50D w

P [577 s00*

2 288 5 w

7/13

The model truss shown is uader test. Determine
the force in the members AD, AC and CD when
a mass of 100 kg is hung from joint D,

7’5/(6 maments aAOUf B

Kax)200 : /000« oo

% Ra = é‘oawf
AF Joinl A P

D

3369°

15()0”

RGSO/Ve vert.
AC 5:n 33-69°: So0
AC = S07-4 ~ (c)
RKesolve foriz.
AD = AC cos 33-69°
TSSO ~ (‘7")

(]

§77~

For e?o///:ér/um ol C The
force ;m CF = 90/-2 )

Kesolve Foriz.
9014 co53369: CDco533-€9° +
9014 cos5 33+ 69



7/14

The simple derrick shown in the diagram must lift

a 1000-kg vertical load by means of a rope sus-

pended at point 4.

(a) What is the magnitude of the reaction at B?

(b) Determine the forces in the members AC, AB,
and BC.

Bj 320”"@]&:‘] AE\B s 26.57:62\5 e 18‘436
(@ ﬁléé m0menf5 aboul C

Rgx3 = /o~ G 4 L
Rg = ZOk,vT (b) Af Jonl B8 4
. g A ' 5°
At Jo:ﬁf A 26-857° 7 c B 4
£ ;:
bk ?20 Lew
4 , 10kn
‘Resolve bor/z. " Resohre verl.
AC cos 26-57°: 2828 cas 45" AB s5in 48 = 20
-V Ac : 22-36 kv (7) AB < 28-28 kv ()
s Resolve hors=. R
l e
A set of traffic lights is cantilevered over the road- B¢ - A Becos 45
way on a light tubular steel framework. The
framework has a mass of 50 kg and the signal lamp = 20 kn~N (C)
unit has a mass of 25 kg. Determine the maximum

shear force in the bolts at 4 and B and the tensile
force,in the bolts at C and D.

Ha \»/4‘4#‘@9*[ Take momenls aboul A
g Hex €6 = 2000 »S00+ L0900 x 2850
As T8 & (sF=B) Mo+ 2310w —=—
Soon LZEON _ .
The caup/e al AB2kum |
: - Reaclion couple b s al |
cac ;}i,_\j P 1 b
£ Take momenrlts 0‘5007{ B AB = Z2krnm wr e i
)
i Ha28EC : 2ooo 500+ 4000 =250 balarneced bj c‘oup/e ol cp
) §a
o H.@ : 2310 v —se B
- F.o2 - 2 |
= Resolve vert. 3{4 : ~7$"0Né c ¢ L
TR (5-F. A) = /ZS/O‘+ 750" Fe = 10 kw T ;
: 2429 N Fp = 10O kw I
Tan O = 750/23‘,0 Fensiorr im boll C = 10 kv

<

£ fénsfoﬁ I 50!If D - __;Qﬁ
o 18° 5




7/16
Calculate the forces in all members of the truss
shown.

By inspeclion Re<Ra * 43 1<~1
D At Joinl C

Resolve verl

T’ stékN
Re

. |Ra
. o 5 CDsim6o = 43
CD = £9-65 kv (&)
T43§<N Resolye boriz. BC = CDcos 60" : 24:83 kn(T)
: E
D
D

b___ . £ :
‘ At Joinl D

4965 kn

C / DE = 49-65 kn (c)
DB : 2965 kv (T)
Scale - B
b bmm s | kw
At Joinl B
49'65; Resolve yerl. BE s/m 60" + 4965 s 60 = 86
BE = 429.-65 kw (T)
024'53,4“’5 A Resole horiz.. AR + 49685 cos 60’ 24'83*5?556 .
. AB = 24-83 kn (1) °°

& At Joinl A
4865 L Kesolve Ver‘/;, 49.65 sin60 = 43
42-996= 4.3
B ~ A }?eso/:fe horrz, 4965 cos Go = 24 83
24-83 kw ? ' 2483 = 2283
43w The solvlior of Joml A prowyes* @:‘

check for correcliness




/17

The geometry of a framework, loaded as shown, is
given in the diagram. Find graphically the reaction
at each support and the nature and magnitude of
the force in each bar® :

78 kot

Joinl Dcg
d

SCG/@ = JO mnt

2 7-8 kw
2 2 ken

ED
EF
Fc
Fa
GC

i

-
&

-

-
-

len

. |
18-5 (@) |
30 @i
186 © |
164 (D
130 (@1
GD : 76 (T)

lokn _ b

Jornl ABCFE

R

Jomml CGF




7/18

A simple pin-jointed frame is shown in the dia- 5

gram. Determine /H\

(a) the shear force in the pins at 4, B, and D; e NI A \,
NE ' B

(b) the horizontal and vertical components of the
reactive force at 4;

(¢) the horizontal and vertical components of the
reactive force at D.

Take momenls cboul D 100 kg
HA *»3 = / 25
H,q 2 [ 67 kv e VIkN

Take momenls aboul A
Hp=3 = /x5
Hp [ T kn —o
Take momenls abouvt B
/¥2 * Vpx3 = Vax3 + 1-67+3
3 (Vo -v,) =3
VD-V,:; = f
Since reaclion al" D is al 245 Hy: Vi : 167 bn
- Subsl. 167 ~Va =/

‘/A : 0~67k~%
> Vp: /67 kvt

Reaction (. s.r)at D « Jr67% 167
: 236 ke ol 45° /8

Heaclron ( s.Fi) al B = 2.3¢ knv at 45° 9;

/16572 0-¢7°*
[+ 729 kn

Reaclion ( 5,FZ> al A

oz

L

[67 kw

e

Tan O : 00é%57 2

| 0-67
ko

e
G 2-8¢c° &~




7/19
A/ small truss is supported in different ways as B 3)
shown. All connections consist of smooth pins,
rollers, or short links. For each structure, where- A e
ever possible, calculate the reactions, assuming
that the magnitude of the foree is 10 kN.
EI 8 (1) B 1 K B 6 k
A c.
1m A A [ .y
g i
%&B (1) Take momenls aboul A
a
/o~y = Rgel-5
s - Rg ¢ 667 kw —=—
—_—t .
? ;/oku Resolve horiz. .
VR
! HRa : & 67 kn— '
() /Ivpererrminare: The mag. Resolve vert.
and direclion of lfension al €~ VR, ® 104w T 3
canl be foond. : B (3}
No horiz. Fforces i
) IvosTerminaTE @ The mag. a ‘ ¢ .. Re and Ra are
and direcfron of neilther (4 | R verl. From symmelry
. i Re . . A
reaclion carm be found. A Re > Ra —;5__'}5_1{ ny
-
, (5)
(6) Bj SJmmefcy and /nspecfm
cton Ry and Re should be  Same as for ~N® 4
) equal I :
vertically p ond gl o 3y T
5 kn, bol Jhe frame i vrsl- U N\
-able, /1 car move Sl'qlewiz)/s. i
fS) InoETERMINATE : There &5 70 5 % N fe
S /'Lh % 10 ke
need for links al bo BecC, Ra ;
Reacliorns con'l be found. Tan oL+ "5 X 369° ¥
and @ 534° L0 [2m '
Take rmomenrls aboul A Take momenls aboul B i‘
}?53/’2 s JOx/ Rc.x/"g; 10 =/ ;
R : 833 kw 163 Re * 6:6Thw—= LE
Resolve v’er}’. Ra + Re s/in 36- 9 ¢ /O
Ka knr




|
7/26
A loaded frame structure is shown in the diagram.
o Graphically determine the approximate values for
1 the reactions at the supports, and the forces in the
members AB, BC and CD.

00 fent
Eoo € b
7Y

‘ 3
i@ooim B/

2

ao0

FG: 1550 kn(T)\_
BGg:= 940 kw~ (©)

Joinl =

] G &
4§ 2 .
1550 kwn E

Bj ;}-:.speaﬁoéf? fhe foree
in HF = 1550 by —s—

and in GH zero.

800 kN

500 kN

J Joinl v >
H Y Seale ~ Imm = B0 kn
< £
550 kv IS R 1560 kn
}& 850 Lss

z
¥
3
0

FH (4B) = 1550 kw (T)

HJ (B‘zc) 21710 kn (€)

JE (cp)

114

840 kv (C)




T7/21

The truss shown is made up of three equilateral
triangles loaded as indicated. It is supported by a
pin joint at the wall on the right-hand side and by
a cable inclined at 30° to the horizontal on the left.
Determine

(2) the tension in the cable;

(b) the reaction at the wall;

(c) the nature and magnitude of the force in each
bar.

10 kN

Lel cach member be 2 unils /ong
ﬂv Take nuwnents aboul x
75:m30x 4 = 10=) + tOx3
T = 20 Jara 7 30
b) KResolve Verl. Resolve horiz.
VR. + 20 sin30°= 10+ /0 HR, = 20 cos30°
VR. = lo/avf = 1732 kit o
R: /J17327+ 107 Tan 6 « 27732
s ZO /<N o = 309.9:5
()
JoinT BCG
23] kw (¢}
2o kn b 7 39
B
F.?o’ c
G Sca/e - dmm v § kn
- [ 115 knt (
/'c
Joinl DCGF
dr—< af

U.s;'_ng Jhe symm efr]

of fthe frame: G
BG:BE + 23-1knv(c) F
GC : AE + 115 kn(T) -
GF : £F - O s
FD : 5.8 kn (T) [ 10kn

10 kp .

5ca/e - (D mwm = [-33 kw\,,,,

T

g

s
£ Sun




7/22
The cranc supports a 500-kg load. Find the
reactions for each of the three types of supports

shown. 72/(3 m0m2n75 aAOUfA
’ /?538 s S x5
® } Rz : 375k
[ 5 ko B2 A
Fesohre Verl. & fori=.
VAR, = Shul : HRy* 3075 hu—
Ra: 625kn af 531/

Jake rmomenls obhoul B
HRs =8 = 5x6
HRyg = 375 by —
KHesplve FHoriz.
HRg = 375 kw ——
Casco’ - 3'7% & 7Tan 60° . !/%/3175,

T 75k T 5 VRg * 65 ke

/?356’/1/@ z/er‘f

ViRa : 65+5

= //‘53%'%

Ra: /20 dw ot 71975

Since There (s 7o 5u/o/>off al B, Jhere
will be no reaclion of A

/?esa/we Vér'f,’
VR, = 5 kw
Take romenls aboul A
3= 6 o 353:%
This is balornced by an anli-clockise
momenl self vp f A

re. Ky = 30 knm




7/23
Find the reactions in the supports and determine
the forces in members FH, GH, and G/ of the roof

truss shown in the diagram. (E
A e L
z © ,
Tan © : é G :2657 500 kN 500 kN 500 kN ,
Ton oL - % A= 45° IR, ‘ Rr
6panels@2m L]

Take momenls aboul A To

Find Rp: 750 kn i ;?ésa/wa verl,  R.: /250 kv *

Q,Jo}nj. L J

Resolve verl, Ji sim 26877 750 \
JL 21677 kn () K 2657 -

Resolve horiz. kit = 1677 cos 26-57° T
2 S5O0 ke (T) 750 kv

Jornl K ' | J

Resolve horiz, 1K = 1500 kuv(T) +

Resolye verl JK = O / <~ L
Jornt J

Reso/ve V‘er*f:

JOO + HJ sin 2657 = 1677 sin 2687+ I 5100 2657

Sim 2687 (HI=1J) © 650 H on ko
HI =S = 1453 ---- (D) i
Resole boriz. ! ? 1677 10
HJ cos 2657 + IS cos. 2657 1677 cos 2657 K -

HI + IS = 1677----@)
Add 2@
2HJ
HJ
Subsl in ¢,
[1565 + N = (877
JJ = /12 kv (©

i

3130
/565 v (C)

(24

L R
|

o .




7/23 fconfﬁ)

JoinT |
Resolve horiz.
1G + 112 cos 26-57° = /1500 A
G = 1500 -100 -
1400 AN CT) 122 ks
2657°
Resolve verl G | P
IH = 112 sim 657"
2 S5O0 Lk~ (T)
Joint H

Resolve horiz.
FH cos 26-57+ GHcos 45° = 1565 cos 26-57°
08944 FH + 0707/ GH * 1400 ----(7)
Resolve yerf :
100 + FH5in 26-57° 1 50 « 1568 sim 2657 GHsim 4.5
O 4473 FH — 0 707/GH = 550 -~-- (9
Add De @
13417 FH = 1950
FH = /453 kv (c)
Subsf. 1M
O 4473« 1453 ~ O- 707/ GH = 350
GH = /47 k4w (©)

"

FH /453 kw (c)
E

[

1565 ka

GH 14/ kw (@) 100 kn
Gl = 14900 kv (T) %\J'H

J
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The truss shown in the diagram is subjected to the
roof loads and the hoist load shown, Determine €
the reactions Ry and Ry using the funicular poly- 2

325m 325m

325 m | 325 m

4xN |

o
gon.

6:35°
a’b *

R




4kN 4kN  4kN 4kN  4kN

7/25

Determine the forces in members DE and HJ of
the truss shown.

60KN  BOKN  60kN  60kN  B0kN

6 panels @5 m=30m
I i

NOTE

77)@ fruss 15 SJmmefr/'ca/ and i?Ls /OOCI\S are

» } Symmefr;'ca/!}/ arramjec/.
‘ . Reaclion af L will be 60 A’VT

Sy
|
;

A # Joinl L
| Resohve ver]  Tan @: 3 J
| JLsine: s60 & :30 96" \\
oL 310-98 kw (c) S N -
Resolve horiz. K T
KL : JL cos @ 160 ku
: 266 67 kv (7) J
Joinl K | TK 26€-E7 fon
Resolve verf JK = 60 k~v () [ —= > L
Resolve 4tor;z. IK : 26667 kzv(?‘) 46‘0 kw
VJornl J
FKesolve verl. V4kN
IJsin® +4 + 60 = 310-98 s/m © H , ‘
IV 2 /B6-6 kv (T) ” < 310-98 kn
,’ Resolve horiz. , Yoo ke >
- HJ = 1866 cos @ + 310-88 cos & K
| t : 426 kv ()
| Since #)e. ?ysfem /.5 s‘y:ﬁmeff'l’c a/ f/)é 7[Or'ce /;/7
member DE = force s member H/
N doint [ H J
Resolve erl. W'ék"
HI + 60 = 186 6sin®  g—=<7 26667
HI = 36 kw~ (c) +60ku
DE : 36 kn), HJ : 426 kv (<)




mlkN
p.2m 2m 2m l 2m_, :‘J”
7/26 - A B8 c ?D i
Calculate the forces in members BC and GFof the N =5
cantilever truss shown in the diagram. £ & "
© F ‘ ;,,,(5
G
P A NG 10 kn |
ﬁj ? Scale = 15 mm =1 m
MNA B ¥ c 'D Y
P 3 h 20362
’ so7° N
P :
7
-
2
e
C -
A =
4 1 A Wilh on{y !/ member
~ N P
J ~ G HG, attached lo prr H,
% . .
b The reaclion al H will
Ru A7 H .
/; Scale — 10mm = 2 kn acl a/onj HG.
| Ra |
a ,,,,,,,

Ry ® 2I4 kv
Ra =20 kn

11

{ __— ©:225°
e
HG » GF = FE = £J : 2136 m, BG = 2:25m, CF=/5m, DE:ORm

Joinl A - I
Resolve wverl. AGsin 4837 = 20-1sim7"" I D B
48:37° |

AG = 328 fkw \ 5

Resolve horiz. AB = 20 cos7°~3:28 cos 4837 5
2 777 kv A

Joinl G . | | oo | I
Reso/re Poriz, 3-28cos 4837+ GFcos 2056 : 204 cos 20-5¢° s 3 Py
AN 20-56

GF = 19kn (c) /@, i} |

N > - e . 2f 4 & ‘

Resolve verf. BG +195in 20-5¢ =328 55 28-37"% 2.9 Gin 20507 gl
Bg = 23k~ A |

Joinl B Resolve 7o Fad BC: 133kw (1) 77T ol




! 7/27

A ship’s jib crane is shown diagrammatically.
,,,,, Determine the approzimate compressive force in
the boom 04 and the tension in the cables 08
and OC when they have positioned the boom as
shown. The mass of the boom is negligible com-
pared with that of the load and may be ignored in
the calculations. ’

‘i’ KResohe Tosm ond Toec in The
) C[:'recfrbm oD

c 2m D 3 s
| - Resulfan!l Force r dieclion
‘ ap, F@D : 2T cos4s” 3
-1 - -
o
7_01’? ¢ s 0’ 75. o FOD o
4 - 36-87° T
F
Resolve verl: Lem
Fcos 36.87° = 20 20kn N3
~ = 25 Ly ﬁ
A
Resolve Fhoriz.

2T cos 45 = Fsim 36-87°

v L5 x 06
2 = O707/

2 SOE ke
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A power line is suspended from the side of a
building by the projecting framework shown. The
tension in the power line is 6 kN at the insulator.
Determine

(a) the tension in the insulator OD;

(b) the tension in the member O4;

(c) the compressive load in members OB and OC.

Resolve verl.

7::_9 s 2"65;"1 159
= 3] kn
b) Tarn @ = 0. 6667
& < 33-69°

Peso/ve Ver*f,
Tsir 33-69° = 3

T:)A = 56 kwn

Resolve loriz.
F = T cos 33-89
2 -6 k~

) Tan g : 0-3233
g : /8-43°

P 485 kv

load in OB and OC = 488 kv ()

750




8 FRICTIONAL FORCES
Frictional Forces: Important Points
Planes. Angle of Friction. Frictional Forces and Wedges.

8/11 :

A block of stone of mass 100 kg is resting on a
horizontal concrete path. Determine the horizon-
tal force P necessary to just cause the block to slide
if the coefficient of static friction is 0.5.

Resolve yerf
RN : 980~

FResolvre hbori=z.

P=/6L/?;/
s 490 N

8/12

An effort of 10 N is required to cause the 4-kg

block to be on the point of sliding.

(i) What is the coefficient of static friction present
between the block and the plane?

(ii) Determine the effort E to just move the block if
a 2-kg mass is placed on top of the 4-kg mass as
shown in the diagram (b).

1

tan ¢

ALRu

() Resolve ver]. Hy=392

Resolve horiz.. AfRx
// = 0-26
8/13

A diesel locomotive is stationary on the track.
Given that the mass of the locomotive is 45 tonnes,
find the greatest drawbar pull that the locomotive
can exert if the coefficient of friction between the
wheels and rails is 0.2.

R e-.s@/s/e z/erf.
R,\/ =

Kesolve Loriz.

e

= 88'2 kN

= 1O

4.4/

Row

©
o
3
hﬂ

3

About Frictional Forces. Frictional Forces on Inclined

o AR {(m

392w 588 n

(i) Kesolye verl Rw:=58'8

Kesolve horiz £ =/4/€;v
= /53w
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A book of mass 1.5 kg is held vertically and
prevented from falling by being grasped by the
fingers of one hand. What minimum clamping
force must be exerted by the fingers if the co-
efficient of friction is 0.25?

/[\jeso/y‘e V@i"f:
2x R, = 147

1Y

2?‘0'25"}3 147
F =294 n

§

8/15

A car of mass 1.2 tonnes is left stationary as shown
on a concrete ramp of slope 1 in 3. The bonnet is
bumped as the owner passes across in front of the
car which then slides a short distance down the
ramp. Determine the coefficient of static friction
present between the wheels and the concrete.

"

Sin & = 03333
©: Jo.g7"
Resohe L 7o plane
Ru = /176 cas 1947
L 08 k~
R&S‘O/t/‘e // fo /D/aﬂg
ARy = 1] 76 Sin (947"
A s O35

[

-

8/16 .

A clamp exerts a normal force of 500 N on three
pieces of wood A, Band C, held together as shown
in the diagram. The coefficient of friction between
the wooden pieces is 0.2 and between the wood and
the clamp surfaces is 0.35. What is the maximum
tensile force P that can be applied before sliding

occurs? L A | P »
. . ARy z B -
Srrce ﬂ For f/méer arnd 7/.4:3’75«?&" (0'2) ARy A’?{“—"—‘ = ‘ =
/5 /255 %an /4 For C/GM/? and Jimber [035) /ﬁiﬁz %
S00w

prece B will slide before A or C
For /;;n{f,',—i? Fricliorr Resolve horiz.
Pz 2. 4Ry
2 2x ©:2x 3500
= 200 w~




.
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. A small box of mass 4 kg is moved with constant

' ‘ velocxty across a horizontal surface by a force of
25 N. Determine the coefficient of friction present
‘and the frictional force operating, given that the
25-N foree is applied

..y (i) horizontally;

(i) at 30° to the horizontal.

, ‘(J Resolve verl. AR = - .
Rv: 392 39-5‘
L ] FResolve FHorsz. (;i)} Resolve verl.
| MR 2 25w Rw + 25 sim30 =392
Ran = 267

/A 2%9-2 | Resolve horrz.
| AU R = 25 cos 307 265w
2 O0-64 - 2165 5.
o0&/

8/18
A boat of mass 2 tonnes rests on a slip which is
inclined at 20° to the horizontal, the coefficient of
static friction between the slip-rails and the boat
being 0 - 3

Determine the least force, F, needed in the
winch cable to move the boat

(i) up the slip, and
(ii) down the slip with constant velocity, given
that the cable is parallel to the rails.

W Kesolve L 7 plane
RN ER = P~ cos 20°

' Resolvre ) Jo plare T -
= AR~ + /95 Sim 2O 19-€ kn
z /223 k~

I - (/ Kesole L 7o /o/ane

A I Kw = /96 cos 20
Resolre //“o p/one

F o+ ARy 796 sim 20’

20°

o= /07 knt




8/19

A ladder of mass 20 kg rests against a smooth
vertical wall and on a rough concrete path as
shown. Draw a free-body diagram of the ladder in

this situation and determine the reactions at the
wall and the path.

/-
R .

Fesohre ver]
VRg = |96
Resolve kbori=.
HRe = Ruw
72‘46 mamenﬁs aéouf B |
Rw s €sin 60" = /9615 1
Rw = 56 - 58~ ——

T e

[

Tl A i L O iy M o i Kt r Gl o i G &

i 1

HRG [ 7" R, :/196*+ 56-58" Tan &+ 9% 511

- L4

2 204 ~ of 73-89 Zﬁ_ .
8/20 ) o
The ladder in Problem 8/19 is now repositioned by
moving its end further away from the vertical wall.
What is the minimum angle 0 possible between the
concrete path and the ladder before the ladder
slips under its own weight? The coefficient of static
friction between ladder and path is 0.6.

Nolte: HRa ALRo
f?eso/g/e verl. | X 2 3cos @
VRe : /96
Resolve Foriz.
HRe (/é//‘%v)= Rw 1
Take momenls aboul B

Rw X 65/;’) & = /,96 x Scos & -~«---. ““J
Bol Ruw = MRuy = 06: VR, = O-6x/96 L
SUASf. I O Ex[86 x §5/m & : /96 < 3cos &

Divide z’y cos & |
O 6x/96 = 6§ 7/ame <« /96x3

S Ton @ - {963

O G XISGCxE i

& : 39-8 ’ n




F [ines 0/ ac/ffb/'; st be corcorvrent

L Witk The giver valve s of M, maximum

| climb is height 4.

! 8/21

! A boy of mass 45 kg places a 7-metre long ladder ; / ! N

\ against a house with the bottom of the ladder 2.5 Gfap A ca Jw
metres away from the wall. Assume a coefficient of

friction at the bottom to be 0.50 and 0.2 between

| the top of the ladder and the wall. Is the ladder safe Seco / e

against slipping when the boy is three-quarters of ==

the way to the top? Suppose the ladder is at 45° 1O = {1
] angle; is it safe against slipping? Solve this
‘ problem graphically.

7%e anj/e of Friclion for 7%@ wall
and /aa/a/er, ¢w z /i-3o, arnd for the

) /ac/claf‘ ano(jr‘c:uch/, ¢@ 266" R max.
- o

For 3 force e?ui/f}ér‘/'um, The force

valves for Mhe Freclion forces mean

Rer and Re will meel ol P 7kis A
allows Hoe b?y 729 C//nf?/.l) Jo /Ae iy

/O/D ol ool exceec/fnj The rmiax.
Fricliors Force valves .

R O S S L L N N S L i s e a2 i ey Y

TTCCTRLETCRRICCTTCCTTT,
/

- . A4l w

For The neu/ari?/e /305/?75/7 of The

Jadder, [he rross force line of actiorm
| carnol Pa5s 7/2:“04{9/7 R so e {1 R6 max.
i ladder will JA/D

Rw’ maxr. /
The rroximom dislarnce 75 ‘},TW%
| whreh The boy can .507(;35/ X

f4in g

45"

Lo o TS TR LEER




8/21 Amalyﬁcalij‘
A bey of mass 45 kg places a 7-metre long ladder
against a house with the bottom of the ladder 2.5
metres away from the wall. Assume a coefficient of
friction at the bottom to be 0.50 and 0.2 between
the top of the ladder and the wall. Is the ladder safe
against slipping when the boy is three-quarters of
the way to the top? Suppose the ladder is at 45°

A, B,
angle; is it safe against slipping? Solve this
problem graphically.
HER .
et
Resolve rloriz.
HRey = ALR,
2 05 VR,

VRe = ZHRw
Reso/v’e V’erf:
A Ry = VR, = AL --(D)
OL2x HR,, + 2HK., =~ 44/
HR,, = 200 ~
From @ AL, /?n;[ + MR, : 44/
Al Ry, 5 AL AR 25m \ g0 w
7/22146 Momeﬂf:f aﬁoqu
44/« 875 : 82687 Nm clockwrse
and 4t x 25 + 200 s 6-5 = /L2025 Nm anl- C/oc/éw/:se,

S Facl Jhese are For mmax. valves, and The ol —
clockvrise momen’ will nol exceed fhe clock.iise

I?’lc?n’i-é;’lf. . . 77iﬁ /ac:Jc/e/‘ /s 5‘07(6.

Resolve horiz. i, R
HRvw « LRy .= O-5x VRs
Reso/va verl.
Ay Ry + VR = 44/ ”“"7
02 HR,, + 2HR., = 44/
HRw = 200 w
anc/ //f/,/?,v, = 4//\/
Toke rmomernls abovl A
The anls. clockoise momend

WRRRUKS

Qo O w

Cannol eralel Jhe c/oczéwise

FERETTTERRLS & A b & ERCRRARARNERK

TERKE TR R ARTTETERT NN
ki\/ s OS5 0e

nvomenl . Ladder will ;/f/‘?__.;

Gl

T A R o
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A brake pad operated by the lever system shown is

pressed against a wheel with a force of 60 N. If the

coefficient of friction between the brake pad and

the wheel is 0.6,

(i) determine the tangential frictional force tend-

ing to stop the wheel, and

(ii) determine the force P necessary to produce this
braking force.

@G ARy = 06«60
36w
(#) Take momenis aépuf Frn
Px 600 = 60 x /800
P = /B0~

8/23

Abox of mass 10 kg rests on a plane inclined at 30°
to the horizontal as shown. If the coefficient of
static friction between box and plane is 0.3,
determine the magnitude of the horizontal force P
that prevents the box sliding down the plane.
[Hint: Solve graphically.]

Resolve L To plone
Ry : Psipa 30+ 98 cos 30---(1) P s 30" \<” };ﬂ"
Resolve // Jo plane .
Peos 30" + AR,y = 98 sin 30%--(B)
From () Rw : (05P«84-87)

N
FPeos g0

982

O8 cos307

Soubst i 0'3(0‘5’P+84-87)+0~864P;49 30’ \ P
Y 2%
P P = ,23'2"’ S8 v

L/iﬂiﬁﬂﬁ frz’aﬁbn
cm_g/e g has Tan
0[ o0-3 .. ¢: 167"
Scale ~ lmm

ks

/

P: 238~

g Y98~
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A machine of mass 500 kg is being dragged up a
ramp by a block and tackle as shown. The co-
efficient of friction between the machine and ramp
is 0.4 and the ramp is inclined at 10° to the
horizontal. Determine, when motion is about to
occur up the plane,

(i) the angle o between rope and ramp necessary
to produce the least possible tension in the
rope;

(i) the rope tension at this instant.

R s e resullanl of Fow and

ARy and The Q’l?/e @ 15 the
Gﬂj/e of //}nrfr}zj Friclion

wilh o Zarn of O-4 |
re. @ 218° 43 kn

sca/e-—y 28 rmm = | Jens

T : 2Gkw_,

/n A ABC :
AB = 49 D .
BD /s /Dar‘a//e/ Jo R@I-B’fo Verf.)c : ——
The leas] valve for T I3

com/a/efe Jhe fr/é:mj/e of for‘ces
s AcC ,Dezr/o-endfcu/or 7o BD,

/n 4 ABC
2 / .
Sy 3108 = L9

7T = 2:58 kn
al" 21-8° (@) Jo plone
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In a certain mechanism a hydraulic ram is used to
apply a force P to the end of 2 wedge-shaped slider
as shown. This slider then moves a block of mass
50 kg horizontally across a surface as shown.
Determine the value of the force P necessary to put
the system on the point of motion, given the
coefficient of static friction is 0.23 for all surfaces in
contact. (Take tan™* 0.23 = 13°)

2 4' Angle = 10°
e
ARy s — Ruwe
.a—-’gﬁé
Rug R
M
‘ RA/E’ 2 RN¢
s 1490;\/ ‘
— Consider The forces on The Block
tl?u, Rwa
/?eso/Ve boriz ——T77G
/qulv, “‘/é(f?,.i&;n o0 ,?”4 cos /o' - ’
490w
Resohe verf B
o - & R.q
Ry, = /{(X~4 €os 10 + R, St /O + 490 A Ras, TRN,
= 04 R~4*490
Subst. in () 023 (02 Ry, +490) + Ry (0-0399-0-9848) : O
: PA{% 2 /32137 ~
Consider the forces on 7he Wedge
Kesplve horiz. N ' ip
Rﬂa Ey I?A/s COS/D. -/é(ﬁ,‘,s Sty (O P
z (jgz./37x0-9.943)-(0‘£3‘< /32:137= 0-17’36) ’aENS Mg,
= /24 - 8853 N
,?eso/e/e verl, e
P- /é(/?,vg */[t/%g os 10 + Ry sir (0 Rus A
= 28 716 + 29.929 + 22.939

11

8l -58 w~




A8/25 Graﬁhiaa/ Solvlion P l
49@;\!

farces ore f;le B/oc;é,
%490~

£

T
}?‘”"‘1{9;/ Rerovnd
137~ . RGroUnd

-

490 v

P:82n

Rweége

e /
23°

cSC'_CZt,aM /mm25N

]
R Grounc!

Forces on lhe Wedge

R Brock (137.)

L
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A metal bracket is {ree to slide on a pipe as shown. gm

(i) If the mass of the bracket is 3 kg will it slide
down the pipe under its own weight if the 4
coefficient of static friction is 0.457

(ii) What maximum length of bearing will just
prevent the bracket sliding under its own
weight? m }%

(/') 72%3 momenzls’ aé&/f A
| 294 1625+ 045 RyxT5 " Ruxsgo:
L6625 Ry = 47778
Ky =+ 1794
/{{/f@q : 807 N
Resolve verl, ZM,V 2 674 NT and 29-41\/%
I w/// 5/1@’6 |
I 5//}) /s pol 1o oceus
ZURy == £9:4 :
fhus Rw 2 3267 s and UEv 2 /47w
Take rmomenls aboul A
29 % %1625 + /4775 = 32-67 =<
X = (80 mm

300

8/27

Determine the value of the force 2 which will Jjust .

cause the 50-kg block to move. The coefficient of AR P
static friction between the block and the plane is ’ IR '
0.25. [Hint: Motion may occur by either sliding, or . .:

by tipping about the corner Al

Resolve yerl

R~ = 490
Kesolve Floriz.

M = P
L P s /228w fO/j//b//hj
72?/:2 momenfﬁ Géouf A )
LIO x~ 08 2 FPx /S
P = /633 N Jolip

L The block will slide
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A tractor is used to pull out stumps. The pulling
chain is horizontal and 0.6 metres above the
ground. The tractor has a mass of 1200 kg of which
400 kg is on the front axle and 800 kg on the rear
axle, when it is not pulling. The two axles are 2.2
metres apart. If the chain is pulled with a 6kN
force, then what is the vertical load on each axle?
What coefficient of friction is needed between the
rear driving tyres and the ground if no slipping is
to occur?

5 Yrear ¢
‘9
. Ql T Gk
] /a'%’rear i \
Aé %5 %
392 k~ 7 84 ku

721/<e momeniS aﬁou}‘ A
RNK v 22 = 71&4‘.,(2.2 +~ & x 04

/QA/K s 947 ko

72146 Momenf.g 6215007‘- B
Rrwgx 2:2 + 6x 06 = 3:92«2:2
R/vp = 228 k~ ’

Kesolve lori=.

/(é/?NK z 6
/é 649.47

3

A1

0 63




Subst in @

8/29
A man of mass 81.6 kg walks up a plank BE of
negligible weight, which rests with the end B on a
ramp sloping at 30° to the horizontal. It rests on a
frictionless roller at D, 3 m along the plank from B.
What must be the minimum value of the coefficient
of static friction, if the plank does not slide down
the slope when the man steps on to the plank at B7
Supposing that the man can reach a position x
from the wall DC before the plank will slide up the
slope, and the coefficient of friction is still the
same, show by a sketch the forces acting on the
plank, and determine the distance x. Is it ever
possible for the man to reach D?

As man sleps onlo p/cmli ol B 1 /

Take momenls abool B R, i-T sy 15° \7; 2
Rp*3 :0 .\ Rp rO \il 2= 7
Kesolve | /> Bc ié \;‘35 - / 1 \Ro°
Ruwe 800 cas 30° O‘y / NN / 5
: 692.8 w AN 7
Resolve [ /o BcC 2oor
M Rug = 8OO si30 3o c
AL 058

Take momenls aboul B
800.,:7' s 3/{0..-,.

Resolve verl.
Kpcos15'+ Rp cos o' » 800“'

|
:

Kesolye horr= .

RB cos 3o =
Rg -

;?p -s!"'s /\5“

RP Sim 25
Cos 30°

Rp Sem 15
-
Cos 3o°

Ko cos 15" + tosGe : 800

c

"0

Ry 7173 ~
From g2 69 m
o 2 3Cos /5 ~2.69
: 0208 m
97 208 mms.

Take momenls aboul D
Rupx GD + MRupx FD
GD = FD
A /AN No
With A - 058 The end of
7he p/cm/; al B will shile 2=
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9 LINEAR MOTION

The Motion of Bodies. Displacement (5). Velocity (v). Acceleration (). Acceleration due
to Gravity (). Equations Describing Straight-line (Rectilinear) Motion. Sign Convention.
Problem Solving. Graphical Solutions in Kinematics : Displacement—Time Graphs, Velocity—
Time Graphs. Examples of More Complex Problems.

9/16 .

A man walks for 35 minutes at 6.5 km/h and then
45 minutes at 4.5 km/h. Determine his average
speed (in m/s).

v (average) = “ ; v
v=1u-+at

vV =u?4+2as
s=ut++a’

65 /fm/hr = JOE 33 m/m;m..
/08-33x35
379/ 55
LS lermfpny = TS om e
Dislance walked : 75 x 257 = 3375
7Tola/ dislance + T/66 55
Av el - 7/66'6“%800 = /49 m/s

D)ﬁfan cé Wa//(ed

il

w

9/17

A motorcycle travelling along a straight road
accelerates from 18 km/h to 108 km/h in 10
seconds. Calculate its average acceleration in

/8 Am/}?y‘ = 5m/5’

’“/52' /08 Am//;r s 30 m/s
AL = S s
AT 2 [O8 m)s A 2 Ll F Q[
a = < 30: £+ /0a
- Qs RS mfs?
£ = JOs

9/18

A car’s speed increases uniformly from 36 km/h to
108 kmy/h in 30 seconds. Calculate

0] the_azerage speed (in m/s) for the 30-second 36 km/ br ¢ /o m/ <
period;
(n) the acceleration operating (in'm/s2); 108 Am/ hr = 30 mys
(iii) the distance travelled during the 30-second
period.
10 + 30

() AV&raﬁ@ Sjoeec! £
Gi) A = tOomfs =z wxal
Ve 30mis  30:10+30a
a 7
S & —
t = 30s

2 ‘: 20”7 5

113

Az O CTmfs™

i) Dfsf: = Av. j’P&Qc] xJime = EOPX30 - EOO m

g = 9.8 ““/3“’

s
. i

5




i 9/19
[ A car travelling at 50 km/h has its brakes applied 30 /f””/}?f' s /3-89 M;S
! and slows to 40 km/h in 10 metres. Given the same
rafe of braking, how much further (in metres) will 4.0 /{m / br = []-71 m/ s
the car run before stopping?

1/44/ N /3'89m/5 AL = ] d] s
s et omfs 2
o - ? G = =347 =fs
5 ¢ 1O e 3 <
t . - & =
2 2 ke *
U T # 2@.3 -’ = AL - ZQS
123:43: /92-89+ 20 a O = 12343 - &945
Az = 3 d7mfs™ S+t /78 m

9/20 AN @%

A jet fighter touches down on an airstrip and BRE_S s L

decelerates at 4 m/s? for 20 seconds before coming l 1000

to rest. If the pilot touches down 1000 m from the -

trees at the end of the runway, will he crash?

AL 2 C wr ¢ 80 m/5
s O e O

At o~ gemfs” G =45
- s .7

¢ = 20s. t = —

v: w+al Vs 4T+ Zoas
O ww-4x20 0= 6,400~ 8s
ALz BO pofs S = 800 m

NO
9/21 -

An aircraft travelling at 400 km/h is climbing atan
angle of 30 degrees to the horizontal.

(i) What is its ground speed? +
(ii) How high will it climb in 30 seconds assuming 30°
its rate of climb and speed remain constant?

G) Grousd speed s 400 coszo” = 3464 kw/hr

= (1!) Verl COm]DDﬂeﬂf : 400 s 30
| = 200 ém//;/‘
or 59-85 m/5 .
I 30s plane climbs 30x $5.55 or [ 67 km
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A{ boy on a snow-sled starts from rest down a run
which has a uniform gradient. If the sled travels
10 metres in 4 seconds how long will it take to
reach a velocity of 25 m/s down the plane?

L f O scul+gal™ AL O v aesaf
A~ 10: O+ 45a=1b U 25m/s 25 g 1258
a = 7 a = 10 A = [ 25 s

B = 10m Q: /285mfs S = — ¢t = Pos

£- 4s t:- ¢

9/23

An astronaut making repairs to his space vehicle
drops a wrench from a height of 15 metres. With
what velocity does the wrench strike the surface if
the space vehicle is standing on (i) the earth and
(ii) the moon? Take g = 1.7 m/s® on the moon.

i) 4t O

v 7

a i )T mfs A

S :

t: — ~ =
9/24

A stone thrown vertically down from a cliff with an
initial velocity of 8 m/s hits the ground in 2 seconds.
What is the height of the cliff and what is the
striking velocity of the stone?

U : 8»1/5
e ©
a: 98wmfs¥

i1}

5-‘-’/((/57" £al™
: B2 + 579854
356 m

() 4L O v ow Zas
a7 2 O+ 294
aq - 9~8m/5v
S 185m 2 TS s
. ~

(/[/?/1‘ 2as8
O ~57
7]2 m/s

v=:eral

5+ 7

t = Zs
9/25
Fred’s favourite football team, the Roosters, call
for an “up and under”. Fairfax obliges with a punt
that gives the ball a velocity of 25 m/s. How much

time have the players to get under the ball before it
returns to the ground?

AL :Egm/j
7 O

8+98«2
Z7‘6m/£

e

Il

A o+ al
O : 25 -28L
t : 2.55s Jo reach max. /7@{757:

and 5 |s lo refurmn 7o gfound'.




|

i

9/26

A ball thrown vertically upwards returns to the
thrower in three seconds. Find its initial upward
velocity and the height to which it rises.

- o 7 2o 2o

AL 2 7 ,
v/ 2 O Vi AL+ A t T AT R AT T
G =9 8mf* O: 4o~ 15x98 S:ad+ tal™
s : C 14T/ S -5-0.8x2.25

t : /-5 s R~ /4'7”’/.:1 I 0285

9/27 t=7 Y
A rocket is fired vertically and ascends with a f
constant resultant vertical acceleration of 9.8 m/s? '
for 30 seconds, after which its fuel is exhausted. :
Assuming that the rocket continues to rise . i
vertically, calculate the maximum height reached ’ ]
&
I
|

4]

113

4}

and the time taken for the flight. t=30s

0 S= el + 2,’0,7”’
: ’O"‘é"s'&x:jgz’
s 9'8,,,/5> = L4ro m

4 , V2 o+ al
£ 30s, = O+ 2.8x30

2 294 m/s

294 mfs vt wt+ 2as : w2 al
o O: 86436- 2985 0: 294-93¢C
> =9 8m/sT S T LEIO m,
= ‘ ﬁfa/ Jirme = 60 5. Ma. A7,

9/28 ———
A man standing behind a gun hears the report of T T~
the gun and sees the shell-burst at the same instant. ;’ i ~
The shell, gun and man are in the same straight
line, the man being 2000 metres behind the gun and 2000 m ! 5000 m
the shell-burst occurring 5000 metres in front of
the gun.

_ Given that sound travelsat 335 m/s, determine
the horizontal velocity of the shell.

&
&

(‘%Mg&(@

I

wop QR
N
(N
o
h

0
®
N
Q
3

Y

Tine for sound 7p reach rnan

= 2000/335‘
r 597 sees.

Time From firing To shell bors/ i 5797 secs
T he hpr/'zanfa/g vel of shet/ /s corslant




9/ ' . | water pipe
A jet of water issues from a small hole in the |

vertical pipe. If the initial velocity of the jet is Sm/s

horizontally, determine the vertical distance 5 m/s

through which it will have fallen when its hori- Jet of water i

zontal distance from the pipe is 2.5 m. A B
2.5 m

The boriz . vel of The waler

\jef /s conslanl ol 5 /s "
fime Jo reach A« 295 - 055

- * :
de 2 O For Ver’f. molrorr .
P = ’ ;
a4z - j:/&ﬁé -+ 2‘62/4
— o
a = 98mfs” s O r 2x98x 025
g - 7 '
Z - O Ls = /225 m
9/30 . 125 km/h
A parachutist exits from an aircraft that is in level ‘
flight at an altitude of 1000 metres and free-falls in . . f.
a flat stable attitude for 10 seconds. If the aircraft ~ Horsz. VE [ LS Ccons f M o
is travelling with a ground speed of 125 km/h and
is directly over the target at the time of exit, 125 km/ {-Tol - A
determine the position of the parachutist relative -
to the target at the end of his free fall. Assume that or 34 . 7 i / L1 \
it is a windless day. 1]
e BC 347 mfs for 10s. 2 34/ m
>
AL 2 O S el + 3al S A
4/ — 2 O-I- ,/239‘8%/60 v I
w E
a : ©8ns?® : 490 m. !

A= 7 S HE above 7255/‘.- 370 . AN
& 105 Paos. /s S/IOm /73/7 & 32 Tm wesl T

9/31

After his 10-second free fall, the sport parachutist Y/ / . @
in Problem 9/30 pulls his ripcord and opens his fon & : 50034 7 G = 55 7 7
parachute at point B. The canopy is designed to

expel air from the rear, so providing the para- (/) 7%6 P47:4 Aé mdsf 7(0//01/2/' /'5 B T

chutist with a2 maximum horizontal air-speed of

7m/s. DV?{% a cansfan/ l/éfz i"d& 0765/"’?";

If his vertical rate of descent is a uniform

5 m/s, is it possible for him to land on the target h/s AO/I‘Z . 5/0'5@(3{ ”h U.S/_ b e

(i) on 2 windless day?
(i) if the wind blows from the east at 3 m/s?

347 en 5/7”@»7 s5.77° = 3.4,”/5__@ :

3mis B Y “ This 15 less Thort 7rfs. He w///Zana/o:V”‘i

i | Gl) M/ALi a 3m/5 Las? w;n:o// ‘7’

rax. Horsz., a;}/‘ﬁ/ﬁeec/ 15 Emfs _om

By adjusting 72/ /0 34 rfs —>=
}72 W/// /OnO/ &7 7

Al

Smfs E10 e

7
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The graph shown illustrates the relationship

between distance and time for a certain moving =

body. From the graph determine E

(i) the velocity during the first 5 seconds; = 20

(ii) the velocity for the 7th second; g
' (iii) the velocity during the 15th second. “é
o 210
) L o
Lo . 7L #
) 20m i~ b (i) From 107" lo 15
: = 4m/5 .Second, body covers : B Aa
Lo . Time (s)
' (1/) O m 173 S (30‘20>m Tat (/5" 10)5-

¢ Oms vel s 195 2 Cmfs
9/33

Draw a velocity—~time graph for a machine element
which has the following motion:
(i) uniform acceleration from rest to a velocity of
1.5 m/s in 3 seconds;
(ii) travels at 1.5 m/s velocity for the next 5
seconds;

. (iii) decelerates at a uniform rate for 6 seconds, the

final velocity being I m/s.
From this graph, determine
(a) the displacement in the first 2 seconds;
(b) the displacement in the 12th second;
(c) the total displacement;
(d) the acceleration in the first 3 seconds;
(e) the acceleration in the last second.

@ Av vel - Oé*m/5 For 2 s.
_l_?___[s/zzl : S (Shaclec:] A)
) Av vel im 12" 5ec — 12 m/s
2_{5‘:}_?_/‘ z /2 .
© 7of D/SP/. : B+~C+D
z (['534 3é)+é°5x5) *(O‘j‘x 6/g> + (/KGJ
2 1725 m

Accel 1s slope of graph.

C/RNE VI

o O'fm/sb

e Acce/, /5 C,an.siLonf ar o negq. over los] Csees

Ace. =

=)

1o =15 -

—0:08 mfs*

525
145

/
/

Vel.
o
G
¥

e
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A conveyer belt in a factory carries partly com- o
pleted sub-assemblies from one operator to the 3
next in 20 seconds. The conveyer accelerates for
the first 6 seconds, travels at uniform velocity for "y
the next 10 seconds, then decelerates to rest for the o
next 4 seconds. If the operators are 10 metres
apart, what is the uniform velocity during the
10-second period?
A0 i Vi e -
A 6s B 10 s. ' 4s P
A~B tom B
/ ¥
AL 2O “2fe L(,.,«—a,t S = /&é% aaf
.
¥ 'zf Lt
U U Or Ba, S, ° 04/5z2x34 ,,,,,,,
a = a,
v .
s S5, A, 2 Y . S, = 3
L < &6 5. L=O ’
B~-cC unx'r(’orm s/ej. 5& : S, U, = ‘?.f’) é = D s,
.S, ¢ /O
c-D
—— 2
. t S ¢ é + % a /— >
/q,:‘?/"(’U“L,’U',)"U"./{/L-ﬁ-a, 2 Al 2
. AL
v O O : U+4a, 53-41/*%&?&2&/6
a G .
oy r g *+83a
- o e T
S S 3 a 5 /4.
t : L s Gay —~ % 2
5, + S,+ S3 = JQ = :_Zg
Sar + 10y * 2nr =210
U= O 6 7 mfs
9/35 N +d ** : eral
An electric car travelling between two stations (l)/ “: O S :/{bf 2 a'f d a
500 metres apart is uniformly accelerated for the . N £ . .
first 10 seconds and covers 40 metres. It then runs v ? 40:0*zarx 100 20+ 810
with constant velocity for a certain time, after N s .
which it is uniformly decelerated and brought to a a: ‘? a-:-o0-8 ”’/5 N 8 m/S
stop in the last 20 metres.
Draw a velocity—time graph for the motion of 3¢ 40m vs
the electric car and determine (!f)/{(/ s 81»/5 ® 2
(1) the maximum velocity of the electric car; t s {0 s R Us: =+ Z as
(ii) the total time taken to cover the 500 metres. ‘ A0 ,
O« 64+ 40a;
8t a =? Copd
-5 a:—~[Gmls"
2 6 o 220 m "N | S Wm 2
' - £t =¢ U w* al
34 Om @ Bmfs :+ 55 954
N - /Os Lt O mife  ® 5 kY é s 5 s,
g S
- -
) . ' ) ) Joll #ime = TOs
2 o, 4D g GO 7O
o o 3 Time &
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A car is travelling at 28 m/s when the brakes are
applied. The relationship that occurs between
velocity and time is set out below. Draw the
velocity—time graph and determine

(i) the approximate displacement that occurred

during braking;
(ii) the average deceleration during the 6th second.

T(“;‘)‘e 0 1 2 3 4 5 6 7 8 9 10
Velocity 2 51 168 138. 116 10 88 76 68 62 55
m/s)

54182 |72 |€-5]|585

(i) D/‘\S/O/_f A‘re& unc;/er 3"‘3/3/'7
~ /120 m

41) Av decel /s measvre d é}/ v/

5/0Pe of The chord AB

. 10~ 8-8 /-2
= = ¢ e %
I /5
10
X 2 3 4 1l e 7 8 o ‘e
] [ 2 2 1 4 ) g
9/37 05
One cycle of the motion of a machine member is y %(
represented by the velocity—time graph shown. 20 _\
Fr_om the graph determine - / \
Q) the acceleration during the first 2 seconds; 10 /| -
(i1) the maximum velocity; e A Vv N
(iii) the approximate acceleration after 3 seconds; E 0 ™
(iv) the approximate net displacement during the Ey
cycle. 8 \ /
) E -10 <
G) Accel - 5/0/96 of AB ] 15
-20
. 25-5 3 < A
2 i + "/‘O—Té{ —,30‘ ¥ T Y T T T T T T

@) Moax. vel occecurs af B
= Zéﬁmzi

al 3s.
. cDy

L4

1 2 3 4 5 6 7 8 el 10
Time (s)

(IV) + Displ. : Areq befween z¢ro
and 3ra/9/7. R +9szuar‘35

4 *;(l/)) ACCe/. /s S/O/DE 03[ ]Ibnjenf me.sp/. =Ar‘ea évefween Z2ero

and gro/>/? W“5‘55?r/af‘e5

‘725/@ . miif/if Fach 59 r‘e/breSénfs 10 m/s

L 73/;/ pxs/a/ :(7'0-3'5}:{/0
I35 s,
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A mine cage starts from the 50-m gallery level and
descends to the 150-m gallery level. It then ascends
to the surface. What was its displacement S0 ¢
(1) after descending?
(ii) after ascending?

(Note: A suitable sign convention is essential in - + w00 ¢ L
this problem.) 28
(i) =100 150}

(i) =100 + 150 = +IO0m f
9/39
An aircraft flying at 200 km/h in level flight due

north encounters a 60 km/h wind blowing from
the SW direction.
() If no corrections are made to the aircraft
heading, what will the actual flight path be? -5(:6/8 — Jrmen = S A"’/ b
(i) What correction would the pilot need to make

to his heading in order to maintain his original
flight path?

. N 60 km/h .
¢) % ohfhe (1 £0 by, .
200 k), [ ?
Flight 200 ko)), o
palh
91 E of N
9/40 -

Two ships leave a port at the same time. Ship 4 is
set on a northeasterly course at 20 knots. Ship B

steams due east at 25 knots. (1 knot = 1 nautical Sca / e — Hp = [ kro f' ~
mile/hour.) Phenaiiadidthent
(1) At what speed are the ships moving away from

each other?

(i) In what direction is ship 4 moving relative to

ship B? () /8 knols

v 323°

T —

285 knols 70 brim g

B s rest

p—a

< Ship B 25 knols




- 60 % m;les

,_4\__“13

1 oy

i Anaeroplane is 500 nautical miles northwest of the

airport which it has to reach in one hour. If the

pilot observes that the wind is blowing from the

east at 60 nautical miles per hour

(i) on what course will he set the plane?

(i) at what ground speed must he fly, to arrive at
his destination on time?

(iii) at what air speed must he fly, to arrive at his
destination on time?

Scale — 10mm e SO . miles

\’Jé/ é
130

o AC

4/3 "5 A, M:fe.s
Torn &

e

| &) Ground speed s

} N o
g

A Ajr?porf e

AB : 800 cos 45° '

: 353-5 AD :+ SO0 sin 45
BC = 60 : 3535

. 353 % P

: LO5°

() (our:se sel would be /V/BO'S'E’

S00 w. mf/eﬁ/z,,;

av) Air speec/ /5 DC ! S 405 ¢ A'D@c

DC = 544 /leyfs//,
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G: 98 m/sn

10 FORCES AND MOTION

Newton’s First Law and Inertia, Newton's Second Law and Acceleration. Further Worked
Examples Not Involving Friction. Dynamic Friction'.

A body of mass 20 kg is acted upon by a resultant
force of 60 newtons. Determine the acceleration
that occurs in the direction of that force.

10/18

F: moa

60 : 20 a
Q: 3mh™

A horizontal force of 1 kN acts on a body and
produces an acceleration of 10 m/s%. What is the
mass of the body?

10/19

An air-to-air missile of mass 500 kg is fired from a
fighter in level flight. If the missile accelerates at
90 m/s? relative to the fighter, what average thrust
is provided by the rocket motor?

10/20

A rocket of mass 300 tonnes travelling horizontally
at 3600 km/h has its velocity increased to 5400
km/h by a 3-second “burn” of its motor, What
average thrust was exerted by the engine?

mﬁﬁﬁé

=
g

se

it

LXY

[

3 600 ke/hr i« 1000 m/)s

S 400 kefhy : [5OO ms
I

[E—

3 s.

60 N

Or

Ll

F

20 kg

a = 90 m/s?
ﬂm

g g Ne]
500 « 90

: 45 kw

-
-

13

Vo wu + af
1500« 1000 + 3 q
A7 [E€E ET mfsn

m a
Boog/ogx/66-67
5 x /O7N’

50 mw




10/21 VR
Acarona dragstrip accelerates at 10 m/s® from a
standing start.
() How long does it take to cover the 400 m
course?
(ii) What is the final velocity of the car?

(i) Whataverage tractive force was exerted by the
rear wheels on the concrete dragstrip if the car
had a mass of 0.8 tonnes and the total force
opposing motion remained constant at500 N
during the run?

Dw:0  s-ulstal™  (@Hu:o Vs zas
A - 400 : oa&éwolfv e S0 * Z2x10x400
A 10 mfs™ QD mfs™ : Booo
> - .
L : ? t - 894 s. A

- or 322 /ajéz,

(I?f) R: 784 kv 7 m G & k~ neec(ec’ 7o /Dr‘oc/uce
joa7 | s 800 10 IOm/Sv w;onuf friclion
784 AN} = S000 ~ 85 ke needed witt frichown

10/22

A man on a rocket sled mounted on a straight
track is travelling at 360 km/h when the retro-
rockets are fired and the velocity is reduced to
36 km/h in 165 metres, .

If the man has a mass of 80 kg, caleulate the
total force exerted by the man on his seat belts
during deceleration. Express your answer in
kilonewtons and as “g-force”.

A 360 A’m/};r * /OOm/5 v w 2as A = ommoaq

V" 36 /<m//7r : /Om/s 100 2 10000 +Zx1685a F80x —-30
@ 7 Q=30 mls™ C =24k
S« 165 4 ’

t - — /fér’ce ' Jerms Ofnghzq/g : ~30/9‘8 }

10/23

OOw 800 ~
A balloon is drifting horizontally in still air when 9.8 8
10 kg of ballast is released. Determine the resultant
vertical acceleration of the balloon if its mass is
1 tonne.
3800 ~ 8,702 w
(@) (»)

K':{) ‘E—?Uj/fér/;/m 6\(13 nelf for'(e) Accel: O

(b) Neft force 98~f o F ot omag
98 s 990Q ?
a: O-029 m/gi
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A 75-kg man is winched into a search-and-rescu¢
helicopter which is hovering directly above the
building in which the man was trapped. If the mass
of the sling used is 10 kg, determine the tension in
the cable when the man is ascending,

(i) with constant velocity, and

(i) with a constant acceleration of 0.5 m/s.
(Neglect the mass of the winch cable.)

) T 7 For COn.si.' vel
(eguit)
10/25

A machine of mass 4 tonnes is hauled vertically
upwards by a cable and moves a distance of 3
metres in 4 seconds from rest. Assuming that the
acceleration is constant, determine the tension in
the cable.

ALt O sf/a/é.,,z'-gf”
Wi - 3O+ tarxis
a: ¢

S 3m QO 375 mfs™
45,

10/26

A surface-to-air missile is fired vertically from its
launcher and its motor provides an average thrust
of 5 kN over a 10-second period. If the missile has
a mass of 102 kg, determine its acceleration and
the altitude it reaches.

F = ma
Sxor 102 g
Q: L9 mfs*
Effeclive a : 49-9-8
: 39 2m/s”

10/27

During a test, a thrust of 5 kN is developed for 15
seconds by a small rocket motor. If the minimum
vertical acceleration of the rocket into which this
-motor is to be placed is 65 m/s?, determine the
maximum mass of the rocket. (Neglect the mass of
the motor in your calculations.)

Effechve minimiom

acceleralion

<55‘+ 95) m/s”
74 -8 M/g”

[}

i

F({r) = ma

=

85 «10-3
z 8755 id

50

F{) = ma
:4:{10?(9'81‘- 0'.37.5)

- 40.7;( 103 N g
Or 4LO-7 kn g
e ? V3924n

105 q = ¢

s:/yé+é‘a/v

e -!-2"_ x 39 7% 100

e : 1960 m
: /Os
F = ma
5107 mx 748
s S I0”
74 - &

Hi

656 -8 kg‘

85(s8+05)




| 10/28
! The Saturn V rocket had a mass of approximately
‘ 2.7 x 10® kg, of which 2.5 x 10° kg was the liquid
oxygen/kerosene propellant. This produced a lift-
off thrust of 33.5 MN.
(i) What was the initial acceleration of the rocket ?
(ii) How does this compare with that of an average
family car?
: (iii) How does the acceleration vary during the
i rocket launch and why?

a4y F. " a @y, /F @ car accel Fromns
| 33»5'xl,9/é: 2-7)‘/,9/6/0 rest lo 60 '4"’/‘&“’ /- 8‘5'J7%5
| a: 124 mf~ aceel. will be 2:7-/)5+

' less 948 e EFf o= 2'60‘».{52’ Abool The same
(i) As fhe foel /s oused up, the mass /s
dram oz,fzc;a/\/y redoced
29 l«\/;ﬂ7 fu@‘/ Q/mOcS]L 5?one mass 15 O2x10 C/<3
F= maq
33-5x10%: 02x10% q
G 1678 m/on
Also the further away from earll, fhe Jess gra V/'{L}/

10/29

During the last stage of its descent on to the moon’s
surface, a lunar module decelerated vertically at
1 m/s®. Given that the module had a mass of

13 x 10° kg and that the acceleration due to
tgl_l;avity is 1.6(;/ m/s? on the moon, determine the A/ ei f acc 8/'
rust exerted by the descent engine duri i
s ngine during this z . 67% -/ 001
F = ma : 0'57”’/54
3
J]3* 10« O 6 7

87 ku

1]

1Al

10/30 _
An aircraft climbs to an altitude of 1500 m at a
constant angle of 30 degrees to the horizontal. If
| the total thrust of the jet engines is 500 kN and the
* total mass of the plane and its contents is 55 tonnes, ;
determine the approximate time taken to reach the
1500 m altitude. Assume a ground speed at take-
off of 200 km/h and an average air resistance of

-5}

- A0KkN. Vers. comp. of tL = O
verl. comp. of force AL = O
. . é_ 4 /)/
2 460 sim 30 VT - Sl +za .
P 230 kv a s 418 mfs* 1500 O+ Ex418L
. F s oma 3 S i 1500 -
230x 103+ §5x10°q [ e 2 I 267«
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A body travelling at 30 m/s in a direction due east
is acted upon by a force of 250 N acting due north
for 2 seconds. If the body has a mass of 50 kg,
determine its final velocity.

F: ma -

250 N
250+ 50 a -y
@ S -
AL 2 O S AL+ aiL.
@ 7 : O+ G2
a - é—m/s z /OM/S
A2
E = 2 s R - /30 + 10
2 3/ 62 m/s
R 10«/5
© 72’” ’
30 m}s

10/32

A motorless service elevator consists of a platform
plus cage and a counterweight connected by a rope
which passes over a small, free-running pulley. If
the platform and the cage have a mass of 15 kg and
the counterwelght a mass of 14 kg, calculate the
tension in the rope and the acceleration of the
system if it is allowed to move freely when un-

loaded. Neglect friction, inertia and the weight of
the rope.

7 be rope has same Iensiorr 147 W

Thro vgh ol

LH.S5  Fl (147-7)a RH.S. Fle-1372)n~
F: ma. F = ma .
147-7T 2 /5 q 7-137-2 =/4 a
7 : 147 ~15qg 77 i l4a-1372

£9q = [T =~ 1372 u
a = 0:33 m/s™
Svbsl )27 =7 < /5 033
| T = /419 w
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In an experiment, the single-fixed, single-movable
pulley system is loaded as shown. Neglecting
friction, the mass of the cord, the mass of the

pulley sheave blocks and the inertia of the pulleys, 7:5 : TB ® TZ;
determine: . /
(i) the tensions in the cord at the points 4, B (S' ngie rop e)
and C;

(ii) the tension in the tie, D;

(iti) the accelerations of the two masses.
Nofe; /ifa .{y‘sfem /.5 Unéa/once,c!) G'nj parf of f:l;e
_Sjsfem éeﬁae/es accora/:}-\j 7o f: ma

The MA. and . VR, of lhis systemn /s 2.

20 /fj mass 30 ég mass
e O AL 2 O
s '1}"' Az ’zfa
a:a Y 0@ a-a, . v:a,t-@
t =t t:t

V. 20, (VIR.<2) . from De@ a, : 2a;...(9)
Tée fir Secf/on AX 7’/7/‘*00\'9/7 7Ae f/ng/e r‘o/De O’fwa/(ns /%e
systern nlo a number of parls wi M 3 vnbnowns, 7 a, a
W/fh a AMA. afz G 75 /<j mass woold mo:nfarn
e?(/!/lé)/‘fum “ The 20.%3 mass will acce/ dowrm anc/E’Oég vp.

Consider 7he Zijﬁ arl of the = ﬁfem

F <« rma
- 196 =7, ¢ ZOC’,.-.Q

nett force

Consider 7he 30 kg, porf of The {yj‘fem

f«ma
T 27-294. = 30a,;---(@
Solve e?n.s . .& ® flmu/faneOUJ!/

" nett Force
7o

glye —

a, (20kg) : 178 mfs™

; d, (30kg) = O-89 m/s*

L aoaw 74,76 e7Te = 160-4 ~

and 7p balances 7i27g & = 320 8 ~
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The fixed and movable pulleys and sheave blocks
of the pulley system shown in Problem 10/33 are
found to have a mass of 5 kg. For the same loads
determine

(i) the tensions in the cord at the points 4, B

and C;

(ii) the tension in the tie, D;
(iii) the acceleration of the system. :
{Neglect friction, the mass of the cord, and the
inertia of the pulleys.)

VR 2 | Ta:7a:Te

a, =2Qz----- O
20/59. mMass = ma
/196 ~7 = 200,-—---@

30%5;. mass = ma
| 27 -343% 35a,------
SwbsT, 2a, for a, in
/96 —=T * 40a,
Mult by 2 392-27 = 80 ay----@
Add @&
4.9 /115 a,
a, O-426 m/s™
a, @ 0-8352 />
Ja T &2 Te = /788 ~

s

[}

1)

7 be _S%j mass has mno direcl effecl or The
lensiors im D, bul since i s C?CC@/PI/QZLI;QE
U/DuJOi"CjS al 0226 mi* the valve of f 15
roduvce 7%/'5 acce/, /:5 /3 N (fr'am 7 n'zo)
7//7/'3 f-@nds Jo .ﬂea/ucé //76 fé‘ﬁﬁ/dn ’r7 Tie D

P

7p = Ta + 1 —49 - 23

068 ~

A1}

(2]
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' A trailer together with its load has a mass of 20
tonnes and is attached to a prime mover which can

; provide a maximum pull of 5.5kN. If the total

! frictional force resisting the forward motion of the
trailer and load is 3 kN, determine the resultant
acceleration of the trailer and prime mover.

Nett force : 55-23
= 25 k~
f o ma
2.5 x10%: 20 x10°%q
g = 0/285 m)s”

! 16/36

A motor vehicle of mass 1.5 tonnes starts from rest
to u::limb a gradient of 1 in 10 against a frictional
; resistance of 180 N. If the tractive effort exerted by
j the rear wheels is 2.5 kN, determine

! (i) the acceleration of the vehicle up the gradient;
(i) the time taken to reach 60 km/h;

(ifi) the total distance travelled. -

(iv) What would be the acceleration on a horizon-
tal stretch of road if the frictional resistance is 7;?’7 e = 0/
unchanged? @ 5_ o

e

Q) Mass farce dowm P/Ol?e c J4-Tsim 37

S /L EO &1
L Nelt force : 2,500~ (1460+180) :
: 860~ *’14'7 knt
: ma

860 = /1500 g O OFT mfa”

(i) e 2 O (réi) 2 : ©
V(66T mfs YT o+ al A2 G ET s ' te s 2as
a4 : O-57mls* 16:67: O-S7L A2 O-87mfe™ 27789774 5
S e = L :29-2s. s 7 S 243 .,

é:'? é,._.-

| (v) Force res/sling molion : 780
Nett Force 2 £.320 ~
| F e oma
2320 : /500 o
G : /- 546 M/J”
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A suburban train consists of 3 carriages each
having a mass of 15 tonnes. The first carriage acts
as an engine and exerts a driving force of 40 kN on

40 KN

the rails. The frictional drag of each carriage on
rain and th Lsion 1 the covmr e e
::;z:‘ll":az;s P ¢ C'ou/o/{nj beliveen 1 & 2
Nettl force : 40-3x%/: 37 kw Nett force = 7T -2
F 2 mma F = ma
37x/03-‘ 45":/03Q T2 =2Z=x15x 0-82 |

a : 082 mis* T 266 kw~

COU/D//;’Tg belweer 2 & 3
Nett force = T -/
/C- 1 g
7= /xS 0-82.
7 /33 Lk~

(2}

A1

16/38

A barge of mass 10 tonnes is moved along a
straight canal by two horizontal tow ropes
attached to two prime movers on opposite sides of
the canal. The prime movers operate so that the
tow ropes always make angles of 30° with the
direction of motion.

If the barge moves from rest a distance of 40
metres in 20 seconds, and the average force
resisting the forward motion of the barge is 180 N
per tonne, determine

(i) the average resultant force causing the forward
motion of the barge;

(ii) the tension in either tow rope. e oo
0‘)/&(; ) 5=/a/(f~= :;;LC?IAL v : /O"OB"O'Z
S — 20: O + Zr-a«400 s 2000 v

a = 7
&L 2 dOnm a 02 M/J"
t 20 s.

. Force SU/D/D//eo/ éy Traclors : 2000 + 180210

-

Gi) AC : 3-8 cos30 =329 kn
BC = CD /- 09 kn

Tar 60 ¢

A 3-8 ke

AB (T) = 2:2 kw
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The engine of a motor car drives the rear wheels
only. If the axle loads are 900 kg rear and 600 kg
front, determine the maximum tractive force that
the rear tyres can exert during acceleration. Take

no forece om fronl with max.

fr"ad‘/on al f’éari)
/?ejo/s/’e Hori=.

Traclhve Force

10/40

Determine the tangential braking force Pactingon
the rotating railway carriage wheel whena pressure
of 7 MPa exists between the cast iron brake shoes
and the rim of the wheel. The coefficient of friction
#y. present is 0.2, and each brake shoe has an area
of 30 000 square millimetres.

. Force of shoe

(14

and L8,

L3

10/41

A bronze bush is drawn from the end of the shaft
using the screw-operated puller as shown. If the
radial pressure between the bush and shaft is
3.5 MPa and the coefficient of sliding friction is

0.2, determine the force required to remove the
bush.

5urface ore S

\\$T° ‘;; c= :t\ivek\“\\\\\

the coefficient of [riction (skidding) between force .
rubber and bitumen as 0.6. Ry Trere five
FResolre Vert, f — Foree
Rn = &-82 ku ARy
(D:'s regard Front since lhere 1s '}

8'82}(” 5'88 kent

At

MR OCr8-82 = 529 kn

o wheel - 7230000 1, ARy + P

foop

= 210 kv~
R 2 PO kw

0'2;‘2/6
L2 kw persthoe or B4 kv

e

. i ‘QH e
PR 5 SN NRANRNRRN

RIS
RN

of cor;facf: TD < 120 mm®

. Pressvre ¢ 3:5<7TD 2120 oy

O3

7?11'5 Q[S'O 6204/5 Rl\/ befweeﬁ 5%5/73.5‘50;7‘

®

1}

13

L Friclion Jo be overcome

O2 %35 s 7TD = 20
103
158 kn
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The start of a sand sled run has a constant slope of
45° to the horizontal. One competitor of mass
60 kg has a sled of mass 10 kg.

(iy What tension will he need to exert on the tow
rope when pulling his sled up the sled run with
constant velocity?

(i) With what rate of acceleration will he come
down this section of the sled run?
(iii) If this section of the sled run is 20 metres long,

what will be his velocity after he covers that %
distance, assuming that his initial velocity was . 98w
zero? o () Resolve L fo F/q ne.
The coefficient of friction between sand and sled
is 0.35. RA{ :‘98 cos 45

Resolve || fo plane
F 9S8 sim 45+ Ry
935w

"

o

Gi) Resolve L Jo plane
Kn : 686 cos 45"

Fesolve // Jo plare

Nell Foirce : BBE sm 45~ LBy
: /5 -2 ~ T zoen
F: oma (i) <+ © Ve e+ Pas
35:27 70a SO . O+ 2adSx20
QLS s Gz S s

10/43 S 20 AT 2 )34 m/s
A 100-kg fire door has a self-closing mechanism
operated by the 25-kg counterweight as shown. #=02

Assuming negligible friction in the pulley, deter-
mine the approximate acceleration of the door
when the restraining latch is released, if the
coefficient of friction present in the overhead door
track system is 0.2.

Force causirtg boriz. molrom

100 kg door

(77~ 196) w R p

F = ma ! !
T- /96 - }

00 a .....

{
3

Force C‘ausfmﬂ verl: wmolior 280 w
: (245‘——7*) Y |
P45 ~T ¢ 25O e -u-

Add D& @ /25a : 49
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Part of a delivery system consists of a2 conveyer
belt that carries 15-kg bundles of newspapers to
the top of a metal shute 3 metres long and inclined
at 25° to the horizontal.

At the bottom of the shute a pair of rubber
flaps slow the bundles before they enter the storage
area. If the bundles have an initial horizontal
velocity of 0.5 m/s when they reach the slide and
the coefficient of sliding friction present is 0.1,
calculate the velocity with which the bundles hit
these flaps.

Resolve L o plane
/47 cos 25

Nett Fforce down p/ane
/47 s0m 25 — L2 Rns

sz"

it

48 -8/ ~

L]

'r <
-8/ ¢ J5qg
< -’3'25—’:*3/5"

48

10/45

A constant push of 80 N applied at an angle of 30°
to a crate of mass 15 kg gives the crate a horizontal
velocity of 1 m/s in 3 seconds. Determine the
coefficient of dynamic friction acting between the
crate and the horizontal plane.

A 2 O
-/Vf/m/ﬁ / :
a : < a :
&£ -
f ¢ 3s.

Kesolve verf
R =
2 /) ET ~

Rubber flap

147 ~
AL OS5 mfs
v < v T Zas
A : 3 R5mfs> 025+ /95
L+ 3,5 : /9875
ZL

/) - 4~44mé

I

NI

v v al
O * 39
/3 pafs ™

o

/47 + 80 5,230

-

Resolve for’iz.

A
?
+
U*‘

~
®
¥
I

N ' =1

30 {’ s
/M” 15‘k3.

EY R, 147w

: /5 x //3

= 5N

BN = weel/ bcz/cmce The 5ys]‘én7

80 cos 30
Gqg-28
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11  IMPULSE AND MOMENTUM ,
Impulse. Conservation of Momentum. Rocket and Jet Engines. Elastic Collisions and the ‘ L
Coefficient of Restitution. -

11/10 T
Calculate the momentum (in kg m/s) of the . L
following bodies: : &) M omenlum = AT :
(i) 2 motorcycle and rider, combined mass 400 kg
moving at 72 km/h; H o0 »
(i) a truck, mass 8 tonnes, moving at 54 km/h; 4 20
(ii1) a bullet, mass 15 g, moving at 280 m/s; -
(iv) the Saturn V rocket of mass 2.7 x 10° kg 8000
when it is travelling at the “escape velocity” of 3
11 000 m/s. or 87( /0 @lﬂ/f
Ql) M Om = e U Cl')'f) M = s
= 8000 x 5S4 = 100D = 15 280
3.600 rooo
: /2 %70 @m/g = 42 /gm/s -
vy M= mo -
6
2 27210 x 11000 |
/0 i
v 297 x/0° kgm/fs
11/ il
A[ 6-gram bullet is fired horizontally into a 10-kg o
block of wood. The block and bullet move off with 1 - 47
an initial velocity of 0.4 m/s. Determine the impact ’ ,U; » U"
velocity of the bullet. :
L Ui (104 & J<Og
looo 1000 ‘
, = 667 m )5 T
11/12

An empty 5-tonne skip loader is coasting at 4 m/s
along a horizontal section of track. As it passes
under a loader, 3 tonnes of sinter are suddenly
dumped into it. Assuming that the sinter had no
horizontal component to its velocity, determine
the resultant velocity of the loader plus sinter.

"

Momenrlvn of én’l/D/y 5,41/9 S5 107 4 kg

: « loaded = 8 10« v kgms -
Sxio - Sx 107 % <

(jfﬂfer‘ hac! 0 /470r‘/‘z, V'e/ COm/D'.>

VS 2§m/5




11/13

Sand drops at the rate of 50 kg per second from an
overhead hopper on to a horizontal conveyer belt
which moves at 4 m/s. Determine the additional
force required to drive the conveyer belt, due to
its load of sand. '

]+ Fat

/ chargje o monﬂenfum

Fef + o= = s e
2 50«4 - 50+0

F s 200 ~
ey
11/14
An agitator truck full of concrete has a total mass e . i—
of 19 tonnes. It is travelling at 60 km/h when it /Of& / e, éé[O)’é /mpa C

collides head-on with a small sedan of mass | tonne
travelling at 100 km/h. If the wreckage moves off
as one mass, determine its velocity immediately

0y

W, v o, AL,

after impact. . N (/9 " 60)4- (/ ¥ ——/oo) Z‘/cm b
e km/;,,« —/o0 km/hr‘ %fc)/ mormt. of ler /.mPocf'
: "MB /7
= (/9 —t~l) 1

EO0~r = I9xGCo ~100
) 2 52 /<M/};/’

11/15

v=7
A car and driver of combined mass 1 tonne are ‘ I
~ \ .
3, &

moving due east through an intersection at
36 km/h when struck centrally by a motorcycle
plus rider moving due north at 72 km/h. If the
combined mass of the motorcycle and rider is 86 km/h

300 kg, determine the velocity after impact if the

car driver, motorcycle and rider become entangled gT

and move off as one mass.
72 km/h

R ——

More. of Truck before collisior : /x36 : 36 Tkm//-m
Mom. of Bilke hefore collisicrm :03x72 2.6 7L7<m//,/'7
7olal mom. (R) ,/36” *2/-6*
G198 Jhmfhr @
M = o -
41-98 = /-3 s Py
o 322 Am/;,/

(11

216

B}

Se

G : 3/ " Nof £
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Ar{ 80-kg mian dives off the end of a pier with an
initial velocity of 2.5 m/s in the direction shown.
Determine the horizontal and vertical components
of the force exerted on the pier by the diver if he
takes 0.75 seconds to leave the pier.

Mo,

MMowm.
/’/or/'z. c&m/o. s

Horiz. comp.

O r?

feaving

j : c/narge 1 Mo,

= /73-2 -0

Fe = 1732
£ /73-2/5.7,5’
: 23] n —>

{117

A sledge hammer of mass 6 kg has a velocity of
5 m/s when it hits squarely on to the end of a
wedge. It rebounds with an initial velocity of
0.5 m/s. If the blow occurs in 0.01 seconds, what
-average force is exerted on the wedge?

Mom.

. C/Iaﬂﬁe I.i’7 Ol ,

I = Ft
33 = Fx0°0/

11/18

A batsman strikes a 0.25-kg ball and causes the
ball to reverse its direction of motion. If the initial
velocity of the ball was 10 m/s and it moved off at
18 m/s in the opposite direction after the impact,
determine the average force exerted on the ball if
the duration of the impact was 0.01 seconds.

Moz, before
Mom. afjer

C/)onge /}7 Vorlslagi

/- Ft
7 - F = 00/

Lo

before /[eaving .

/1732 k_gm/s; Vé’r’ff Comp.

: 8O=»2-5 = 200 kg /g
100 @m/s
Ve rt. comp.

/
/o0 - O
Ft = /00
F : 100/p.75
: /33-3 + Mmg
s OIT7 N %

L1}

C/?Qnﬁe 1 O .

e

Morn. of hammer before ‘collseon

: 6x5 = 30Kkgm/ |
070 Aammer‘ affe’f' /:rnloacf

- 6x‘0-5=3kjm/5 t
30 - (-3)
. 33 kg

(4}

smpac] = 025210 2 25 hgom) ——
rmpacl = 0-25x 18" 415 fegmafy —om
25-(-45)

7 /<ﬁm/s

By

[

700 ~
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A man standing on a flatcar provides additional
forward propulsion by husling bricks off the back
of the car.

Af'a certain time the forward velocity of the
flatcar together with its load of the man plus 10
, bricks is 0.5 m/s. The flatcar plus man has a mass
; . 0f 200 kg and each brick a mass of 4 kg. Calculate

. the velocity of the flatcar after the next brick is
thrown, if it leaves the man’s hand at § m/s as
shown. (Ignore frictional losses.)

Mass of mar, car 210 Bricks - 240 kg
L Mora., = 240 x O-5 : ]20 kg mfy ———
Mom. of man car g 9 bricks : 236 kgmfo ~e—
Meorm. of | brick : 4¢5 : 20 »éjm/s-—-—%-
Tolal rioms. - 236 v +(~20) = /20

11/20 236 v = 140

A high energy-rate forming press has a hammer of - . L

mass 400 kg. During the opep;ation of the machine U s O 5 9 ""/ -
the hammer is accelerated vertically downwards

and hits the metal shug in the die with a velocity of

150 m/s. If, during a particular forming operation,

the hammer is brought to rest in 0.02 seconds,

determine the average force exerted by the hammer.

Moeorr, [)efore fm/Dacf : 400 #1150 : 60 000 /tjm/s
Mom. affer ;mpaci( = O

C'/’ianﬂe 177 0. T 60,000 kgm/s

J] = FL = Goooo

o2 3AMN

11/21

A submarine of displacement 2000 tonnes fires a
torpedo of mass 2 tonnes. If the torpedo is fired
from a rear tube with an initial velocity of 30 km/h
what momentary increase occurs in the forward

velocity of the submarine? Lef o > be 7‘/)5 3/5/, o/‘ J‘Ué) -+

Jorpedo, and r—s be the jncrease im vel affer ffh'rrj.
. - Sub vel affer firing - (5+ ) kefpy ——

| and Jorpedo vel : (30-36)4474)::-4——«

""" Morm. of Sub+ Torp. = morm, of Suob — mom. of Torp.
2002 x : 2000 (.« v) - 2 (30-x)

LOOZ > = 20003 - 2ooov —60 + 2=
2000~ = 6O

Vs 003 Ay, e




11/22

A water jet from a horizontal pipe has a velocity of
15 m/s when it strikes the vertical wall of a2 mixing
chamber. If 30 litres of water are released every
second, determine the force that the water jet
exerts on the wall. Note that

(i) the water may be assumed to move parallel to

the wall after impact;
(ii) the mass of 1 litre of water may be takenas 1 kg.

j = Fé S, YU, = 7y v, (C;'ndnﬁe, " momenfc/m)
e, - R s N
F o2 30x185 -30x0
/
: L4350~
1123 —_ _5Q0 /s
A gun of mass 250 kg fires a 1-kg projectile with a r | |
muzzle velocity of 500 m/s. Determine 250 ke I
(i) the initial recoil velocity of the gun; 9 . 3
(ii) the time taken for the recoil; : . f . I
(iii) the distance travelled during recoil if the gun . GUI? Rf?j ectiie
moves back against a constant resisting force . )
of 2k,

(’.) BQJEO!"Q 7[.1.1"/'/1‘7 Mom .2 O
B et
After ﬁf‘izvz Gun Morm.: 280w Aj"’"/s
Pﬂ:\)j- Meom . = [x SOO /fjm/;
[/ » 500 - 250~ = O
”lj- et 2),—;/_5 e )

Fi Gi) F: ma 5 2 mfs

) [

: 2ooo L 2000: 250 a s O 1
Zoool = 50O A gt Z2as s = 7
L = 025 S:0 25 m £ —
11/24
A jet engine which is stationary in a test rig is
consuming air at the rate of 100 kg per second and
fuel at the rate of 1 kg per second. If the velocity of !
the exhaust gases relative to the engine is 600 m/s, Exhaust gases
what is the thrust of the engine?
75/2/ mass consvmed 1 [/ sec. = 10/ ,é_g
Mom. prror Jo born = 107 %O
Mom. afler buorr = /O x 600
C/iariﬁe /i rmomm, = 60600 /<jm/5
aond  FE¢ (I) = 60600 /= [sec.

L F 606 &w




11/25

A marine jet engine in a surf-rescue craft travelling
at 36 km/h is consuming 70 litres of water per
second and discharging it with a velocity of 150 m/s
relative to the boat. What thrust is the engine D B | {12
developing? Take the mass of 1 litre of water —n e

aslkg. Forward —~~—t— . wafef,;gz"aée‘
As  the crqff Travels forvrard A1 3¢ kem/, . (/Om/s)‘
the waler imlake 7s af —/0 m/s.
No r, ' of b\/a‘,fer‘ //’)/z?ée : 70 x 1O /<5 m/s
& Mom. of waler d/\s@harj@:70x-/.50 éjm/s
AMom. c/vcmje : =700 — (—10500)

o, 800 /<5m/5‘

4]

(I) F¢ = Qsoo
F o= 98 ka
11/26

(2) A rocket ejects 20 kg of exhaust gases per
second at a velocity of 600 m/s relative to the

rocket. Calculate the propulsive force at this (G) /?e/a 7‘ ¢ 'VZ 7(- o r OCA e f , Un Adrﬂf
instant.

(B} If at a given time the mass of the rocket is

800 kg and it is moving vertically upwards,
determine its acceleration.

fuel has 1o momenlvm.
After firing #uvel gas has a
momenivmn of 20x 600 /9"’/5
C/zariye in Mom, : /2000 @MA
(L) Ft - 12000
s 12 kw
B F = i (as 98)
/2000 : 800 (a+9.8)
Q@ = 52 pmfe

11/27
While in level flight at an altitude of 3500 metres a

Jet aircraft scoops in 150 kg of air per second and 150 kj o ;[\ a}r‘ /:S f/‘a ve ///1’7\9
discharges it with a velocity of 800 m/s relative to

the aircraft. What thrust is produced by the ®/ ,‘]l/f; //7 e P / ane g ]L 250 m /5

engine if fuel consumption is 1.25 kg per second

and the velocity of the aircraft is 900 km/h? CQ o0 A - /'L“‘)
Morn. : 150« 254 - 37500 @gm/é‘b
/50/39 of air + 125 ,%3 of fvel /s o//lsc/mrgedaf
8OO m/s 1 lhe oPp. Aireclionr. |
" Momr. of c//sc/zarjre 2 /5725 « SO kﬁm/s
Céanﬁe (1 mr oM. :(/@/.25;(800) -3/ Soo :53,500é3"%5
() F¢ - 83500 |
F = 835 kv




11/28 e
A ball is dropped from 2 height of 3 metres on to 2 B
concrete path and the height of rebound is

measured as 1.8 metres. Determine the coefficient
of restitution. ': .
Co-etlicienl of Feslifolior ©) (ge/a/s : L
At

\/e//oc/;fj aftler /}opqc.f

\/a/acffj before m Pacf g

867661‘5 . = O qj’": /u/l»#- < as. ;
e 7 : Or 2ro8=3
4+ 9B mfs+ . s8-8

Ay

S 2 3 o 7 67 m/s

AFler e = 7 T et 2as L
v QO O = M ~2-98x/8
4 = ~SBmfs™ /af - 3528 ‘“
L2 1Sm e = F-24 rmfs
£ S

594 | |
767

\

i

o777
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12 CIRCULAR MOTION

Angular Displacement (§). Angular Velocity (@). Angular Acceleration (). Relationships

Between Linear and Angular Quantities. Equations of Rotation.

Motion Diagrarms.

machine, its flywheel is rotating with an angular
velocity of

(i) 200 rpm;

(i1) 700 rpm;

| (iii) 1440 rpm,

| Express the angular velocity in each instance as
radians per second.

Gi) 700 rpom. TOO x 27T racfs
&0

7323rmd@é

=
e

| 12/10
| Convert the following angular velocities to revolu-
tions per minute:
(1) 120 revolutions per second;
(i) 31416 radians per minute;
(iii) 50 radians per second.

31416 rqc]/m

3l4!6
27T

S000 r.pm

(¥i)

i)

}"ev’./m

=
-

g) 120 r.op.s.

Graphical Solutions:

12/7
Express the following angles as radians:
(i) 90°; (iii) 121°;
(i) 16.5°; (iv) 330°.
., 2M=%0 | 7 57 ; i) 1652 : d
s s 7 d (1 PR A S Y o 288 ra .
) 3z > ¢ 157 rao ) ===
(i) 12L 27 2.( rad. Gy 38027 . 576 rad.
360 360
12/8 ®
E()g)tiei 51‘;16 following angles in degrees: ([) ! ra a" e /;3}50 - 5 7*29
(ii) 19 rad;
(iii) 37 rad.
G) /19 rad, = 12X359 . 0g8.62° o % . 3.02 revs.
' 27T EXay
.y R 3T« 360 5‘40" or 3 - /. 5 revs.
(7)) 37T rad. - 57T : =T
L e 1 O«27T rad/,
| At certain different times during the operation of a { ) 00 » Pt = 200« ac [~

137

200 x 27T r‘aal/s
60

20-94 rad/s

,é (i) 1440 rp.m « (440 « 27T pad).
6o

(3]

= /1508 raa//5

/120 x 60 7p.m
7. 200 r.p.m,

38

S0 fad/s
50« &0 f‘ac://m
S50« 60
277
or 477-4 6 r‘./).m.

te

ts




| 12/11

| The Olympic Pool in Mexico City has an elec-
tronic timing device with a large public display
incorporating a sweep second hand of 1.4 m
effective radius. Determine the angular and linear
velocities of the tip of the hand.

[ rev/m. : 2T rad/m
Anﬁu/ae/‘ !/6/. : 2%0 V‘qd/s - O-1085 /‘ac!/s

0105 radl; - OLOSTL . pev, /.

s O'/Oé’¥2ﬁ1/4 "~
2 /s

= O- /47 m/s

12/12

A flywheel of diameter 0.5 metres is rotating at
1000 rpm. Determine the linear speed of the point
A on its circumference.

1O0QO
& O

1000 x T x 05 . D&.2 pm/s
GO Z

1000 r. P .

tr

ropes.

13}

12/13

Determine linear speed (in m/s) of the fan belt of a
motor vehicle, when the 100-mm diameter fan
pulley is rotating at 4000 revolutions per minute.

42000
6O

LooO « 7] = OO
GO x 1000

4000 r.p.m. = V. p.s.

e

12/14

A grinding wheel of 200 mm diameter is rotating at
1500 rpm when it begins to disintegrate. With what
maximum linear velocity wiil pieces of the wheel be
flung off?

1500 ripm. = 2529

1500 x 1T x 200
6D X tOO0O

-

N
3

3
o

e

E2A)

g 1

e




12/15

A water turbine starts from rest and accelerates at
a uniform rate to its normal operating speed of
500 rpm in 5 minutes. Determine its angular
acceleration (in rad/s®) and its total displacement
during acceleration (in radians).

. Soox 27T mm//s

SO0 ripm, = 500/60 ropes, : 5
ol - Wy - g . SO0 277 - O - 0. 175.‘,‘62:// "
) N t 6o« 8 =60 - S
S = WO, + é—o(’{;"’ A SF36d :50%
- pe— 250 7 prmn.
: O+ éxO@”* 300 [QEI = 280527 rad/, .,

\\ S 2 2850«<2T x5
@jmd. 2 78854 rad,
N

w

12/16

The elements of a circular saw are shown in the
diagram. The driven pulley has a diameter of
50 mm and rotates at 4500 rpm. Given that the
saw-blade diameter is 300 mm, determine the
linear speed (in m/s) of the tip of one tooth of the
saw blade.

45-00 "/3/‘7? - 45"00/60 VP,S
L Limear 5/)@€/C/ of Teells - o % 705D

= 707”;/5

L HdSoo r 7T x 300

12/17

A pulley with an initial angular speed of 50 radians

per second is accelerated at 10 radians per second -

squared for 10 seconds. What is its final angular W, - w, + L t
velocity in rps, and what was its displacement . 5O+ 1010

during the 10-second period (in revolutions).

2 150 rac//s
or L‘)"%j,f_, : 239 7P S.

W, + Fo L™

)

1

5010 + £ <10x 100

;. JOooC0 rad

or /000/277_,

= /59 reys.




12/18 e
The wheels of a car have diameters of 560 mm. in
Determine the linear velocity of the car in m/s and -
km/h if the wheels revolve at 7 revolutions per ~  ___ S —— a5
second. e
Te T e SEO L
e ler] = . d oy R,
7/’&;/3/5 Y s f23m_/-5 or 44 3kﬁ,f :
12/19 o
Determine the angular and linear velocities of the -
extremities of the hour and minute hands of the E
Town Hall clock, given that their respective an
lengths, as measured from their pivot points, are 1 L
and 1.3 metres. Use rad/s and m/s for your '
answers.
Hour HAND NINUTE HAND
[rev or 2Mef m in 12 hes /rev or 2mxi3 . in 1 hr
. 277' k-4 / ’H/S ’: 277‘ X / ;3 lﬁ/s
{2« 3,600 /] ¥ 3600
_ - 4 i
P [ 2510 Cmss : 22 6x/0 T mfs 0
|rrey or 2T rad i1 12 hrs [ revt or 27T rad in L hr o
27 .27 nd /s
“/2 = 3600 rad/s I x 36oo /
.t ~- 4 -
s /4510 rad/s : )75 %10 Trad /s
12/20 N
A boy riding his bicycle along a level road slows '
from 15 km/h to rest in 15 metres. If the bicycle . = ¥4
wheels have diameters of 0.76 metres, determine / 5 /<,m/ by 4 7 m/5 ;
(i) theaverage deceleration of the bicycle (in m/s?); g "
(i) theangular retardation of the wheels (inrad/s?). , 15
: e 2167 s (i) 4IET mfs o ZLEL o)
(1) /Lﬁ : 7™/ . 2 ' e 076 5
; 1 vV o e . ‘
2t 0 2as 4467 = 27T
a4 : ° o: 17-36+30a S reo7e |
5 2 /5 as — 058 mk" : 10966 rad)
et GFIET mfs v s e+ al .
i O O = 4467 - 058
a4 i —0-58mfs™ L= 7/8 s.
&L s —
¢ - (Do '
foe? o - ¢
10966 - O ,N
VAVE=
- /.53 rad/s* o




12/21

The bascule bridge is opened by winding a pinion
along a rack on each side of the bridge.

() If the pinion is 250 mm in diameter and

(i) How long will it take to open the bridge

Pinion

revolves at 5 rpm, what is the angular velocity
of the bridge deck?

through 60°?

(1) Ralie of Piniom Dia. 250

@

1

1O wm Wheel Dia. o #1000

A /Df‘."?/.O?"? revolves al 5r,p.m.

wheel will revolve alf 3 = 250
/O x fOOO

or O /25 rpare

0‘/25” mevs. )f? /rn;rwufa
z O-/Z-ﬁ/éo r. p.s.

. For GO° (‘é r’e»/.} 7 -

- 0125

IS —a————

N Y o)

A
&
12/22 * 80 s

A bandsaw motor runs at 1425 rpm. The motor
pulley has a diameter of 75 mm, the drive pulley
has a diameter of 175 mm and the driving wheels
have diameters of 400 mm each. Determine the
lil;)e]ar speed of the saw blade as it passes the cutting
table.

Motor Pu//ej Dia. - 75
Saw Polley Dia. | 173

\Sqw Pu//zy a‘nd Dr'/.v‘fnj WA ee/S revolve

of "4";57"‘75 . G107 rpam.
=

L/:»’?ea/’ S/DE‘E—CI O-;C ,Dr‘;:/l.r*zj L‘\/})ée/ ;/’/.m
/*n/s‘

_ 6/0'7 < T « LoOoo
60 x tooO

L




12/23
The spindrier of a washing machine accelerates ‘
from rest at 30 rpm per second, reaches its maxi- /
mum velocity, and immediately begins to deceler- =
ate at 10 rpm per second. If the spin cycle takes 4 B
minutes, determine by using a suitable velocity— f
time graph the maximum velocity of the spindrier !
and the time taken to reach this velocity. F
30 r/DM/S : /BOO rpra.,
Accelerafion Deceleration ]
Timet] O | 20 | 40 | 60 | 80 Time(8)|240 (180|120 | 60| © .
Vel . o
gem. | O |Goo 1200 ligoo|2400 :ﬁ/ﬁ( 2400118001200 | 600} ©
Do s O rpem. YW, 6, +e{ E o : € O, Ly+ek [
We = ? 2 O <3020 (), : O 0 : GJp-10x240 L
o : 30 f‘.P-m/S - 600 e, g{ 2 =J0 r‘P""’/s O‘)o s 2400 K‘P‘m .
C :i2os il c O+ 30x40 €7 (1) 240 (i) O : C,y-10 <18¢ -
(5} 40 s - : 1200 rpm ¢ 180 s Wy = 1800 r.p.m
() &0 s Gi)  : 0+ 30x60 @) 1205 (i) o : C0p—i0xize
QV’) 805 s [BoD rp.m. (/y) 60 s 6\)0 s JZ200 f.g.-l‘
ty : O+ 20280 (v) O * W,~tox6o
2 2400 rpm. W, oo e pmil
Jo
Q 24 /

Q

~
. I8 -
S e \\}
Q:t & ) . ‘

| ;
4 | | 3 ! ‘?I 1] o
0 20 40 60 80
secs, —— Time - mir.
Max. Vé/p = [BOOr.p.m offer [ minm




= [

.7

(/D)

e ¢ /26 f'c?cl/s
A - zmg/sl,
@
¢
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Two gears of equal diameters are rotating on
adjoining shafts. One is rotating at a constant
angular velocity of 140 rev/min in a clockwise
direction. The other accelerates from rest at a
constant angular acceleration of 2 rad/s® in an
anti-clockwise direction. At what instant can the
two gears be smoothly meshed together? Solve the
problem analytically and graphically.

(st Gear

= 14%0 rp-s

: /40 ’(Zﬁr'a%

140 rip.m

: /4-66 rac!./s

Znd. Gear
6, = (J, +KXLC
1966 O + 2£
i = 7-33s

Isl Gear /4.-6¢ r’ac//g

FEr ey A4

3‘ (ra ':773) |

e

Wﬁg. Vel.

o
.
o
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ina horizontal arc in order to allow cargo vessels to
enter the docks. The bridge takes 24 minutes to
turn through 90°, its motion consisting of an initial
constant angular acceleration for 60 seconds, a
period of uniform angular velocity for 50 seconds,
followed by deceleration to rest in the last 40
seconds.

Determine, with the aid of a graph of angular
velocity against time,

(i) the maximum angular velocity;

(ii) the angular acceleration; and Lef “Jt be mrax, Q ng. t/e;/,
(iii) the angular deceleration of this section of the

o) It Followes Thal and decel. |

C‘-)é/z x 6O = 81

Pyrmont bridge has a centre section which opens ol

bridge. L wé/a s AV. Ve/. C/u;ﬁ'r’lg Occé/.f

Wy » 50 ° Gz Bol 8, + 8, + 93 s % i"aC:!.
)4 éOe/Z x40 * @3z :
100 6, = 2%
and W¢ = /57 = 1072 rad/,
¢i) Qo = O W, : W, +ot i) Qo : Voo radfs
Wi © /oo radfs We: O (el '
'3 E e b4 ? N ;
oL« 7 2oo'O+éoaL A 0'2"/00'*400‘i
é : GOs t : 4O .
A - 2-62;:10“4,-@4/5» Az ~3:893%10 "rad] -
el
] /97T = /O‘zraal./‘s
SO}
‘g L
& " Acc. : Tan & Dec. - 7an ﬁ
' 79 rm . 79 mm
N ] ) &GO mm . . 4O
v A -4 _
A g2 - 79r2 = /0 _ 79x2s10 L
=" o ) 40
D |:2e3:007 \ - 3957161
o g B g

50 oo
Tirms e (ﬁj
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Friction in the shaft bearings brings a flywheel to
rest in 3 minutes. If the angular speed of the fly-
wheel was 1800 rpm, determine
(i) the deceleration due to friction;
(ii) the total number of revolutions turned during
deceleration (that is, displacement);
(iii)"the time taken to complete the first haif of
these revolutions.

(1) (g = 1800 rpmm- (D, : (Jy v At
. o

We = O O : /1800 +3cL
ol ¢ © KL — 0O rpm/,
é - 3 Pn‘ln.
(ii) We * /1800 rpm. Q: o, bt //206 L
W, = O e 18003 + //Zg-—éocng
A  —600 f.p.m./m
© : c s 2700 rervolulions
Z s 3'7';0\.
(7)) o = 1800 rip.m. & = Wotl + lfpetl®
L = =600 rip.rmfm 1350 ¢ 1800t ~ Ypr600 L”
€ : /13850 revs 21&1*/.2.{, + 9 = O
t - 7 ;- 12E[ies-72

A
528 5. or 307 25

i

NOTE . [] would [ake 307 2seconds for the
wheel Jo come I resl (afler 2700 revs),
slarl acce/eraf/hff al 600 rp.m/f, and
COm/o/e,f’e }%;a rnex] 1350 revs.

re. 4050 revs. imn o/l
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13 ROTATIONAL MOTION
Calculating Centripetal Acceleration and Centripetal Force. Centrifugal Force. Super-
elevation of Roads and Railway Curves. Torqueand Angular Acceleration. Moment of Inertia.
Radius of Gyration (k). Angular Momentum and Impulse.

13/13

A flywheel of diameter 1.5 metres is rotating at
600 rpm. Determine the acceleration of any point
on the outer rim of the flywheel.

yT oo

e

L inear J/Deed of po[nf—-— T

OS5 s 600 5 27T

&0

Ac . X .
4712 m/fs

=

13

0-75

CATI2T L 254/l fowards Hhe cealre
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A flywheel attached to a small engine is revolving
at 1000 rpm. A crank pin attached to the face of the
flywheel is located 150 mm from the centre of the
fiywheel. Determine the acceleration acting on this
crank pin.

Limnear .sloeec:/ ofjofri - U rw
' 150 v 000 » 27T

-

250

A e BO x 1000
c T T
2 = /5 TOT =/
5 7O7 x1000
/50
= 645 m/s™ ‘
13/15
Part of a governor mechanism consists of a vertical
shaft about which an arm of mass 2 kg rotates. Vo= ad
Determine the force exerted on the shaft bearing
when the arm rotates at 10 rad/s. - _ 250 x 10
yry U - o000
B
2 = 2 ‘5”"/5
- 2x 25 x 1000
250
— _ z
N 50 o [ORE /C‘C = &I
_ 2x%100 x 250
W Eelole)

- 50 ~
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A lead weight is attached to the end of a piece of

string and whirled around in a circle of diameter 2

metres. If the string remains horizontal and the

lead has a mass of 0.2 kg, determine

(i) the tension, 7, in the string when the angular
velocity is 1 revolution per second;

(ii) the minimum angular velocity necessary to
break the string, if the maximum tensile load it
can sustain is 7ON.

@ | rps = 2N rad/s G) Fe = om i

Fo = m oootr 70 = 02 co </
“* 2 02 @)% W = 87 rad/s
= 789w~ or 297 r.p.Ss.

13/17

After being dynamically tested for balance, the

| front wheel of a car is found to need a 60-g balance

| weight fixed to the 500 mm diameter rim. What

| extra load would have been placed on the wheel

. bearings when the wheel rotated at 500 rpm if the
wheel had not been balanced?

SO0 r p. : D00 x 27T rad.
P, 50 'S

— - 2
Fc, N 6o . SO00» 800 x 47T . 250
[foYo)e) 6o x o 1000

[R]

4l-1 ~
13/18

A girl of mass 25 kg is swinging on the end ofa rope
tied to the branch of'a tree. The girl's centre of mass
moves in a radius of 4 metres and at the bottom of
each swing she moves with a horizontal velocity of

8 m/s. Determine the tension in the rope in this
vertical position.

/CZ: - h’)r’U" |
2588
= OO0~
4 2 645w~

ol
3
<

. g >
N
Ny
<+
3

LD

13/19 . ——
A plane is flying in a vertical circle (loop) of 200 ¥ - - %
metres radius. Determine the angular and linear 4 \
velocities (in rad/s and m/s) of the plane at the /
- highest point of the loop if the pilot experiences ! }‘
“weightlessness™ at this stage of the manoeuvre. ‘ /
The pilot has a mass of 90 kg. : ’ \ : /
A
. ~ N A
~ For weighlless ness fFe =mg - 2N
2
et} "= - }ﬂ ()
] (a) Fc = o r (b) /’—C = T~
: . 882 = S0 w < 200 =
QO v
gg2 . 20U

t

L) = 022 rad/s 200

U 44-3 m/s

1y




| 700 Am/(u,-

i)

Teos 307 = 4-9

(iif)

U7z
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Pilots can withstand accelerations of up to 9 g for
short periods without “blacking out” when
wearing protective flying suits. Determine the
minimum radius of curvature, R, with which a
fighter pilot may turn his plape upward out of a
dive if the speed of the plane is 700 km/h at theend
of the dive.

F = e a2
< e

1]

97{5 - M){ ﬁ44b

y© o /94'4L
998

4285

13/21

A ball of mass 0.5 kg is fastened to oneend, 4, of a
piece of string of length 250 mm, the other end
being attached to the fixed pivot, B. The ball
rotates in a horizontal circle of radius 04 so that

: |
the string is always inclined at 30° to the vertical as Cenlrif. Uﬂ a / . f_ VAU P
shown. Determine Bealomeim g F -~ -
- < % —

(D) the angular velocity of the ball;
(ii) the tension in the string;
(iii) the total acceleration acting on the ball.

Resolve verf. (/) Re50/ve horiz.

T =366w~ - 283w

FC s M W r

P

C)C:v (,QL.._..EE'_.

[

5|

Py~

673 % 1245 2-83«x/oo0

124

a

| 00O :0-84 ""/5 O-5 %125
) G 73 rad /

©-84 “x 1000 ‘
¢ ] 25

= 5-66 IP-:/SL-

§1

Cenj:’[ ;Uja/ F - /L‘ 7-:5/03@
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An automobile of mass 1.5 tonnes travels over the
crest of a hill whose road-bed is part of a vertical
circle of radius 40 metres.
(i) Determine the maximum (linear) speed (in
km/h) of the car over the crest if its wheels are
not to leave the road.
(ii) If this speed is exceeded, how does the car D)
move in relation to the crest of the road?

</.) /EE = 2 COL?/'
LI

LV £Fe
eIV
14-7 = 100
ISO0 = 40

W - O- 495"md/5

V= ra
: 40x 0495
[19-8 m/,g or 7/-3 Lm/h{

ts

(i) With v > 73 kmj,, [lhe car will leave The
KOQQI },—,,'ﬁ.'q//J %njanf;q//] //’)er’i 11 G /Daraéo/d

13/23

A car of mass 1.5 tonnes is travelling around a

curve of radius 70 metres with a velocity of 20 my/s.

Determine

(i) the coeflicient of friction between the tyres and
the road if the car is on the point of skidding.

(ii) the acceleration acting on the driver in this
situation.

m v

r

() Fe
{ Ruw:127 ku
ISO0 = 20 % 20

o x 1000 LUKy =

e | 5T
8-57 kv

i3}

i

lz\7€50/:/‘e horiz. ? 14-7 ko
_ Ry = 857

=)
w8y
038

() a, -V - B2ED 2 517 s

L3

"
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In the “wall of death” act at a sideshow, a stunt

rider drives his motor bike in a horizontal circle

around the inside of a cylindrical track. The

cylindrical “wall of death” has an inside diameter

of 10.5 metres and the bike plus rider a total mass . —

of 250 kg. Determine the minimum linear speed (in / & ry ( 90- Q}
km/h) that the rider must maintain in order to

remain in this position, and the angle 6. =6

The coefficient of sliding friction between the 3
wall and wheels is 0.6 and the centre of mass of the o 9 = 5 9. 04
bike plus rider is 0.5 m radially from the wall as e
shown.

Resolve verl i
AR, = 2450
Rw : 40833 » | )
For 27‘/1'1"b'“1.ul'r7 Fon (/:::) = Cenf/‘/'?[UﬁO/ /:';;\f’ce
Fe - Imur |
r

25O v
40833 - == ~
-0
V2 88mfs o 31T km/fhr
13/25

A car of mass 1.5 tonnes rounds a curve of radius
100 m. Determine its safe maximum speed (that is, T R =147k~

speed at which skidding does not occur)
(i) if the roadway is horizontal;

(ii) if the roadway is super-elevated to an angle of AR C.F,
20°, P —— i+-.5 T e
The coefficient of friction between the wheels and
roadway is 0.58 (take tan™! 0.58 = 30°).
147 kwn
(1) CF = URy =83526 ~
2~
C - iy :
e 2
/U"L: 836‘26 ® 100 e Y 2384 m/j o 85’8 AM/:‘)/
/'S x 100D L

|y

(i) /EESC/VE L Jo /D/ar}e

Rwn # 14-7cos20°+ Fsim20’ !\ '
Resclve [ To p/ane ’ £0 ? X
Feos 20 = /97 sin 20"+ U (/4-'720520*;51;7 zo) 1o _

Fcosze' - 885in207) = 13-04
F o= 1759 kn | -

U
/C; I }/’v
2 1789 % 1000 ri0o .. VU 3424 mfs of /1233 A”‘/Afﬁé@‘

B 18 = 1000

Af




13/2¢

Determine the required super-elevation for a
railway of standard gauge 1.435 metres if the
equilibrivm (normal) speed is 72 km/h and the
radius of the curve is 600 metres. (Hint: Consider
that, at equilibrium speed, the flange pressure
between the outside wheels and the rails is zero.)

7 km/hf. 2 20 M/g
Resclve // fo /D/ane

Fcos&
S G fan©

vy g
Fo = 22

ft

””3 <imn &

n

 pAx 400
Mﬁfan@— 500

6 - 3’890

13/27 .

. An electric trolley car with an effective track of f=
1.5 m turns a corner of radius 10 metres at a speed Cilo <
of 20 km/h. If the trolley way is level, determine oo ) ]
how high the centre of mass can be without 20 /(m/ hy = 555 m/f &
allowing the trolley to tip over. L

U E s ng A
;& = — — b5 vy N
. mx 308 7a/<e momenii’ aboqu
B /O -
3 08mvch =mgx 075
= 3:08m N Rz 24 nm above road

13/28

Determine the torque produced when the 150-N
force acts tangentially on the gear tooth as shown.
The effective radius of the gear is 250 mm.

75;"?:/@ : Fﬂ /’ao/.

: 1850 2 250
!G00

= 375Nm !os0N

13/29 el N
Determine the total torque on the flywheel when it 4 Q@Q
is subjected to the three forces as shown. _ _
Th e 00w~ f/)r@ Lg h v//me / Cersze.
- 100 N
produces no Torgue.

7572;/ %rgu’é = JOO » 2850 — 50250
’ : /285 Ny (c/ocléw/\se)
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A driving pulley attached to an electric motor hasa
diameter of 400 mm. When rotating at 1000 rpm,
the belt tensions are 60 newtons on the slack side
and 260 newtons on the tight side. What torque is
being produced? (Hinz: The available tangential
foree is equal to the difference between the taut and
slack tensions of the belt.)

Availa 51@ force To Praduce 75r¢z ve = 260 -60 ,_
= 200 N ]

. . 200 x 200 |2

. 78:/;1/@ /D/‘Oalucecl = v |

13/31

Determine the moment of inertia and the radius of
gyration of the flywheel about its axis of rotation
(X~X), if its mass is 50 kg.

' _rq 0-25 _ Fi el thickness
RC!CJ. O?r @I" k : \f-é— s = '0177m M50 mm it

!’hf'?'

/72
. 50+ 0257 i [ 56 kgm®
2

13/32

An aeroplane propeller has a mass of 60 kg and a
radius of gyration of 600 mm. Determine

(i) its moment of inertia;

(ii) the unbalanced torque necessary to cause the

propeller to revolve with an acceleration of
© 25radfs®

(i) ]+ m k" Gy 7 - Tt
60 = 600 60& 216 = 25“

2/" 6 kgml

23

LR

13}
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A shaft and flywheel of mass 100 kg is revolving at
500 rpm. The radius of gyration of this shaft and
fiywheel is 1 metre and the friction torque present

in the bearings is 50 Nm. How long does it take
for the flywheel to come to rest?

Tz om r*ol Iy :SEJO;;{‘OLt £
% - O« - ,
50: 100=1 xcl O~"“‘:é'5-°°= 05

of = ”O'5rqd/5z L :104-7s.

.
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A wheelof diameter 0.25 m and momentof inertia
0.5 kgm?® isacted on by a constant tangential force
of 200 N. Determine
(i) the resultant angular acceleration of the wheel ;
(i) the angular speed (in rad/s) of the wheel after
4 seconds (from rest);
(iii) the number of revolutions turned in the

4-second period.
. kl
() T 200x 025 2 Il = m
¢ 285 N 0-5: mx 0125
n == 32 lfj
| 7 s mr ZO(/
| 25 =32+ 0125 x L
] i 25 = 850 rad /<>
' "Oi'gzso‘lz.ﬁ*"' /5
() &, : Do+t (i) ©: ok + L™
2 O+ 50x4 : 0+ 3+30x6
: 200 rad /s . 40O rad. or 637 revs.
13/35
Determine the angular momentum of a fiywheel,

with moment of inertia of 20 kgm®, when it is
revolving at

(i) 100 rad/s;

(if) 500 rpm. *

. (1) Angu/af‘ Momerzfum M = [

| : 20 = IOO ,
. 2000 kqm*/s

S00 x 27T
60

: 5236 rac!/s

A

I co

0 20 « 52-36

7

104 72 kjf_)%
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Two identical gear wheels on parallel shafts have

moments of inertia of 1 kgm?. At a given instant,

one gear wheel is rotating at 10 rad/s clockwise

when it is meshed with the other gear wheel. Direction of

. : . shaft movement
Determine the common rotational velocity of both when meshing

gear wheels, if the second gear wheel was
(i) stationary;
(ii) rotating at 2 rad/s clockwise;
(i) rotating at 2 rad/s anti-clockwise at the time =
of meshing.
() Mom. of nheel / 0O (i) Moy, of Wheel I : )x-2
Mo of Wheel 2. » [e0 Mors. of Wheel/ 2 = / x170
z Lo
=/0kgm s L0, + 1,00, : 10+ (-2)
Iw, + 1,0, : 10 2T - 8
2 f e = /O O : 4 rad/ )
() Mom, of Wheel 1 = [x2 = 2 kgms L
Mom. of Wheel 2. = | <10 /0 'fj‘“"ys
L0+ 1.0, : 10+2
Y E?Y) : /2
(O = & r‘dc/és
13/37
A wheel and axle is free to rotate about its hori-
zontal axis. The 6-kg weight attached to the cord
wrapped around the axle is allowed to fall freely a
distance of 4 m from rest. Determine the moment
of inertia of the wheel and axle if'the weight takes
4 seconds to fall this distance. (Neglect friction. )
Lirmear~ accel of 6/<j MmGsS
a0 S el s £ Q7 kg Lo
- 4+ O 4+ yZ raux b 58-8w
g = P a - 0-5“7/.:’5L | -
S 2 Lo Anﬁ QCCQ/. 0'[ k//N’e/i = CL/'/_
[: 45 051‘/000"44/
An vn /)d/ar?c'éa/ 7[:‘){6@ (m3~7') Pr&o’uaej “//;/'5 CZCGe/
L= ma : 75r'7ue S3 8B 25 N
— 1O
(6x98-7) ¢x05 & co
7 = 8558 : AT N

From 7;1"71/8 = JoC
l - %f?u%é
O- 0735 kgm?*
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| 13/38 /
| The pulley system has a moment of inertia of ¢150\
| 30 kgm?®. If the weight 4 has a mass of 30 kg and
| the weight B a mass of 120 kg, determine the
| acceleration of the system.

/ 7o find directiorr of

rolaliors asseme efa/'//léw
- f"?(/m . é'Mr O

BL1 AL

0]
[
\_\
I
S\ N\l

A150 = 120 x 75
* ‘&300# J’/EOOA/ A 60k
Myly M2y bol A :30/45 rolator
will be <N
Nele : The aryju/ar gccel ( oC) is The same for bolt /DU//E' S
Qg 1y X arrdd Qg = rg.-*

or- OA -~ 0'/3’2%41'-» a » 0 and GB : 0.07\5’@( %. ° ~‘®

The @erm consists of 2 f'gw}/o/errf sels of forces
cavsirr Vel f/br? :
1. The nelf momen/ cbovl & cavsed Aj Wre & mrzsses.
re.  [PO0x O OS5 = F00x0-15 ©r FS Nas
2. The r?ue (fo{> /9/05 Je ﬁ?@men/fs of The ?r/[ec/ue
Ternsibrns w1 The ropes.
/.e. J¢ v 7gxous + Tgx 0075

cr JoC 7 m, QoS + mga, 0075

C From @8 @ Jol+ Myx O/SHCxO 1S + Mg 0-075K x 0025

4

SO +30x O )ExO IS¢ + /20 xO075 D075

‘ 3/ 35

T hos B/ BS5 s A3
~ = /-4305"/@0//5L

1

"

e




U=Fs  ;

PE = mgh

KE = im? )
P Aty = I J

G 28 mfst

" 14 WORK AND ENERGY B
Work Done by a Variable Force. Energy. Conservation of Energy, Efficiency. Work Done i
By or Against a Torque. Kinetic Energy of Rotation.

14/15 ‘
State the type of energy possessed by the following . L
objects: . ’ ;

(1) a loose brick balanced on a wall of height 2 ¢ ) Pa f en ]L/ a /

megres; . . .

(i) a Bullet travelling at 300 m/s; Gi} K ir e ]LI C
(iif) water in a dam that is used to drive a turbine; - .
(iv) a rotating flywheel. . (; ) PO f e r f 1a /

(iv) Kinelic (/207{07‘/0”0/)

14/16

(i) Determine the work done against: gravity when
a mass of 50 kg is lifted 6 metres vertically.
(ii) How much of this energy is lost when the mass

” 'falls 1 metre from this height? [j'i) Er)er‘g y /O(Sf = I g ( A ~A;>
G U : Fs = 50+98(6-5,"
. 509856 . 490J
: 2,920 J or ?_____96%.9.. s 290d 5
14/17

A boy of mass 70 kg climbs a cliff 30 metres high. ‘ ; ’ :j.,
(i) How much (useful) work has he done? -
(if) What is his potential energy in relation to his

starting point? U) WO f-/< - F_S ot

(iii) If he dislodges a stone of mass 1 kg from the ¥
clifftop with what KE will it hit the ground? - TOx 9 853 O A s

- 2058 kJ
(I'Q Energy : Work done (i7) RPE of sfore :/x96x30
: 20358 kJ 294 J
14/18 L on ;mpacf : 294 <

(i) A cylindrical water tank, 2 m high, contains
20000 litres of water when full. What is the
potential energy of the water-relative to an
outlet point 20 m vertically below the bottom
tank?

(ii) If the tank is refilled by means of a pump
situated at the same level as the outlet, what is
the useful work done by the pump?

Take the mass of 1 litre of water as 1 kg,

(1) Mass ’o‘f.z,\,/a/ey” : 20,000 kg
Av /L)e/:gk/ s 21 m
FE. - M\g/’) (ri) Work dorne : FE
s 20000982/ o4 NG M
. 4-lle M

[ 2m,

20 m




" 15m
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A {ank, 20 m long by 8 m wide by 8 m deep, sits on 20 m
level ground, and contains water to a depth of 4
metres. A second tank, 15 m long by 8 m deep by
8 m wide, sits on a stand so that the bottom of the
tank is 15 m above ground. Find the work
required to pump all the water from the first tank
to the second tank. The density of water is 1000
kg/m?3. Neglect frictional losses.

Vol. of waler ja boltom Tank :20<8-4 : G40 =°

, .o NMoass of wczfer' im botfor Jamk = 640« /0° /<9.

‘ ,:0_/:%5 T/)e Jonrer Tark wa/Ler’ 15 4 m vp fhe p/'/)e betore
; PUmF;nj o Ave pum]jinﬁ /7ezjhf /s !

15 -2+8 = 2/m.

| U = Fs

- 640« 103x -8 xr2f prry
JO &

2 1317 MJ

15m .Bm
T

£
<
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A rubber ball of mass 0.5 kg falls 4 metres vertically
before striking a horizontal surface, from which it
rebounds to a height of 3 metres. Determine
L (i) its potential energy before it falls;

b (ii) its kinetic energy at the instant of impact;
(iii) its kinetic energy at the instant of rebound.
Explain what happens to the energy “lost” during

; the impact.
| iy RPE - mgh
| 2 OS5« 984
= 196 J
(/) w: O v /uf~» 2as
W 2 2O+ PrO-8x4
& 98 mfs™ 2 7S 4L
S A, KE : Yz mo”
2 U 2085 x 784
- 196 J
Giiy u o ? ~J s T+ 2as
O s Z2x9-8x3
[ a: —9-8nfs* : 588
£ 3em O KE = /47
S 4-9J has been losl in deforma f/'on/ /z)éﬁ/t

sovnd elc.
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A sled of mass 10 kg is pulled 10 metres along level
ground. The tension in the tow rope is 100 N and it
is inclined at 30° to the ground as shown. Deter-
mine
(i) the total work done;
(ii) the work done against friction, if the coefficient
of friction between sled and ground is 0.3.

ALRw

.t , ) _ ‘ ‘ | o 8w
) /I/O/D/IEO( 7‘:Of‘ce e d;recﬁor? of molror : 66w~

U : Fs
: 866 J
(i) KResohre yeorl
Rw + S50 < 98 U
Rw = 48
UKy 2 1L L

F s
144 = 10
144 J

H

i

1
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An archer pulls back a bowstring a distance of

500 mm and then releases his arrow which has a

mass of 100 g Determine the average force

exerted on the arrow if its release velocity is 40 m/s. K £

1

/ 100 x 4O =< LO
/2

Solve this problem by the work-energy method. /o000
2 8O0J
o ork dore : 80J
500 man 40 m/g M/
" Srmere WOI/‘/<— = FS
2 F x O.é"
: /60 N
0-98

14/23

The 6-kg pendulum of a Charpy notched-bar

impact testing machine falls freely through a

vertical height of 0.8 metres before it hits the

specimen. Determine

(i) its kinetic energy immediately before impact;

(iD) its kinetic energy immediately after impact, if
it rises 0.3 m vertically after striking the
specimen;

(iii) the work done on the specimen by the impact.

i K. E. of A = RE of B iy KE al A: RL ol C

P 659808 2 6% 9:8x 03

2 4704 S 2 764

(11r) IWork done O/L /-an)ac./&: fné{ffj Josl
s 47 O0F —1764
s 29-2ZJ




-
o
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A concrete post of uniform cross-section has a
mass 1 tonne and a length of 6 m. Determine the
amount of work done on the pole when it is lifted
from a horizontal to a vertical position.

mm
E4

1
1
1
I
le
]
!
1

Work done //'ff/'mg pos/ + work done éy force (9.5é~>0uar
- Fxs 3
¢ 98 x3
2 294 kJ

14/25

A /man building a wall wishes to move a block of
dimension stone measuring 300 mm by 300 mm by
1 m across a concrete path. Given that the block
has a mass of 80 kg, will he use more energy if he

End section
300 mm x 300 mm

/ Direction

slides it or rolls it? T motionE‘"""‘s
The coefficient of friction between path and 80 kg === | :
stone is 0.6. (Hint: Consider the energy used to =N e |

displace the block by a distance equal to its
300-mm width by rolling and by sliding.) Ru:784w

Work dorne J/J'ang = Fes R o ‘t\?
| s 2704 (UR) * 03 A §
 rar-12J R

Y784 ~

Work done r’o///}zg e?ua/s worlk dore r‘a/;s/nj cenlre
of mass X wm. where X 6213 mem.
U= Faxs
=784 x62-/3

1600 ‘
48 -7 J .. MNMore ener‘gy To S//de

14/26 B

The high-jump world record was recently broken

be Nee-Hi-Me at 2.4 m.

(1) If the athlete had a mass of 70 kg, and raised
his centre of mass through 1.4 m from 4 to 8
during the jump, what was his gain in potential A
energy?

(i) If he then fell on a pile of plastic mattress
material at C, which compressed from 1.5 m
down to 0.9 m at D, what was his kinetic
energy at C, and how much energy altogether . r - fz
was absorbed by the plastic? Neglect any (s ) P £ a / B r’hg
kinetic energy he may have had at B. .

(i) Assuming his deceleration from C to D was P TOx 9-Ex/ 4
uniform, what was its value?

Assume throughout that his centre of mass < 9 60 - 4 d
was 150 mm above the bar at B, above the uncom-
pressed mattress at C, and above the compressed
mattress at D, and neglect all horizontal com-
ponents of velocity.

2.55 m

1.5m

1.15m!
&




14/26 (cont)
i) a4 - O vt s zas
A s O F P08« 09 L
Y 9.8&/‘53 = /7'64 \_«
S5 09 K. £, = é moo T .
: = 4, 7017 &3 . L
i i
2 6 17~ 4 J

[neigj C?b.i@i"b@c:l z Ehzrjj /0.57L ’Jc‘l"OrT? C",D = 6174\1

vt at s 2as
O : 1T 6L+ RA=O6 a
a = — /4:-7»:/5’“

(i) w22 s (V77¢w)
4 L O
a - ¢
£ (15 -09)m
L o - ‘ Decel froms C - D = /4'7”’/51/

14/27

The planned excavation for the basement of a
building is 20 m by 40 m by 5 m deep. If the spoil -
has a mass of 1800 kg per cubic metre, how much »
work will be done in raising the spoil to the original
ground level? (Note: No allowance is to be made
for heaping up the spoil once it is excavated from L
the hole.) i

. — 3
Volo rme a/ ffoz/ : 20 x LO ¢ S5 m

Mass of 5/30/'/ 20x £O » S x /800 &j

N oss force 20=20 x 3 r /80O O-8 .
1000

s 7086 HMN i

The average ﬁef'j/;f' b whech e S/Do//
mosl  be raised % : 28 e

it

Wortk deorne : 70-5¢6 <25

e

= /764 rty




' o Aass of chair 30 yO-é"kj

14/28
During the operation of a windlass, 30 metres of
chain are to be wound on to the drum.

(i) Determine the work done on the chain if the
chain has a mass of 0.5 kg/m.

(ii) A bucket containing spoil is attached to the R
end of the chain. If the bucket plus spoil has a T
mass of 25 kg, determine the work done in
lifting the bucket through the 30 metres.

(iif) What is the total work done on both bucket
and chain?

(iv) How much energy does the operator expend,
if the windlass has an efficiency of 45%,?

Half of Zhis /s Jhe eftectlive moss /6 be wound
onlfo The windloss - 7 x 30 x 05
Mass force - Vo 30~ 0-5x 98 ~
arid Work done : Vox30x0-5- 984 30
2 2,205 N
A 9.8 x S0
7, 350 N -
tii) Tolal work : 9855 M or 96 kJ
(v) Eﬂz'j] vsed (/'m/>uf) - OUfPUf,/eff/'c/'encj

- 9855 »r/i00

vi) Work dome or buckel

LN

2y

25
= 2/" 2 A.J

14/29

A mortar shell of mass 15 kg was fired from a

mortar barrel of length 3 metres. If its velocity on

leaving the barrel was 600 my/s, determine the

average force exerted by the charge on the shell as

it was fired.
I
.z T

7N "= T+ Zas
ANt : 6oom/5 3601000 s O+ 253 a
a: 7 a : 60,000 m/s>
I S ‘
: t . ~—— F - IsoNs 3
: A5 x bo 0oD
) s Q00 kw
OR :
Work done bj force on shell - C/icm e 1in KE ofﬁ/’)@f/
le. Fs = Yo /5 6@0 x 800

F . 4 l3sGo0céon »
= 3 x JOOO 900




14/30

A water tank 5 m long by 4 m wide by 4 m deep
contains water to a depth of 3.5 m. A water turbine
is in position 6 m below the bottom of the tank.
Determine the output work of this turbine when
all of the water in the tank flows through it, if the
overall efficiency of the system is 60 %,. The mass of
1 cubic metre of water is 1000 kg. Turbine

Volvme of waler : 5« 4 %35 m°
Mass o©f waler -+ 5« g x 3.5« 1000 kg
Srdx3Sx/looo xS u
86 h«
/ft/@f'aje /)eﬁ/&f of waler above Yorbime > 7- 75 m.
L Weork ,Dcfe’n//a/ - 686 x 775 - 5320 kJ
and Furbine ()c/‘fpu/l 2 5320« 0O 2 RS M
/

o0

ty

L Mass Force

1t

14/31
A car of mass | tonne travelling at 60 km/h has its
speed umf(?rmly reduced to 20 km/h in 5 seconds.
6] dAssummg that the reduction in speed is solely
ue to the brakes being applied, calculate the

energy absorbed by the brakes. 60 AM/ hr

(i) Determine the average braking force acting on
the car,

= /6 ‘57 M/5
20 /<m/hr 2 SET m)se
(;) [l’?ef:gj\ absorbed - Loss ;o kimelic enerj)/

2, 2
://Zm'lf;“ //er)vg

S0 (eirm 557

W A 16 ET m)s 2 [23-6 kJ
W 35S s Uz e+ al A= ma
a: ¢ §855:=16€7+54 z /000« 2-22
£ - G = —2:22 m/~ 2 222 kv
(&~ 5s

14/32

The mean force required to compress a given
spring from its free length of 100 min to 75 mm is
300 N. Determine the energy stored in it in the
cornpressed state.

Work domne b) F = Fxs

SO0 x 2%
o000

. 75 J

e I = ;




—

oy F
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A spring has a free length of 100 mm. When a force

of 40 N is applied, the spring compresses 10 mm; )(

an additional force of 40 N causes the spring to . . o 7 ,}1
compress a further 10 mm. a) Mo dU/U‘S o 7( S// i‘[F/l €35 jp j
() Assuming the spring behaves in accordance

with Hooke’s law, how much work would be : = 4 o A O

done on it if it is compressed from its free length

of 100 mm to a length of 50 mm? .

(ii) What would be the strain energy contained in = A %M

the spring in the compressed state?

A foree o Com/of‘é‘.sﬁ S/Df/'nj SOrmm - 4*250

= JOO ~
/00 v SO

Q0D

S5J
(7)) STraim Ene»:gj slored - COm pression work denc

iy

dnd werk dJdorme

t

= SJ
“\‘\a\.“§“\"\

14/34 RN 7\\;
A crate of mass 50 kg is pushed 13 metres up an \\\\\\;\\\%\\&‘“‘ E
incline that rises 5 metres vertically over a hori- 3 ©
zontal distance of 12 metres. If the frictional
resistance is constant at 120 N, calculate the work l l
done on the crate, , 12m i

i
/?eso/i/e /Dar'a//e/ /o /D/c;ne /

A

2120 v LOO s/ 25TER
T 308 -5~
WO/‘A C)/Oﬂe = ij \}490;»/

So& -5 /3 Tan 6 - 5%2
L) kJ & : z2.62°

i SSORNE S

fr

13

14/35

A diesel locomotive pulls a train of mass 1000

tonnes up a 1% grade at constant speed. If the

average resistance to motion is 20 N per tonne,

calculate

(i) the drawbar puil supplied by the locomotive:

(ii) the work done in moving the train 2 kilometres
up the track. A

‘\}/ 100 x/o3x o8

?

¥

. )
h’ljS/n é * 2x/0
3
IQOO 70 x 98 x O-Cf + 2’(/04

1

: 178 xr0%w Ui) Work : F xS ; ,
=z /S kA ' SISO x 2x /O
: 236 < 10"

> 236 My




14/36

A train of mass 300 tonnes, moving at 72 km/h
along a horizontal track begins to climb an incline
of 1% slope. During the climb the engine exeris a
constant tractive force (drawbar pull) of 30 kN
and the frictional resistances to motion remain
constant at 100 N per tonne. How far will the train

move up the incline?

300 % fpe
oo

Forelornal Resislance «

30&/\/ e

2940 kw

/?650/u/é_d AMoss Force down The .P/one 2 2940 S0 O

Deawbar poll -
. MNett force -
F: ma
29-4 1000 :
0 -
i T2kms, ¢
A O
a: — o028 m/s‘"
S o7

14/37
A pile driving hammer (monkey) of mass 500 kg
falls 2.5 metres from rest onto a pile of mass 140 kg.
Assuming there is no rebound and the pile is driven
150 mm into the ground, determine the following:
(i) the velocity of the hammer just before impact;
(ii) the common velocity of the pile and hammer
after impact;
(iii) the work performed in sinking the pile 150 mm
into the ground;
(iv) the average resisting force of the ground in
bringing the pile and driver to rest.

SO0 x /000 g
0-098 mﬁ" ——
20 "’/5

O 'Jt: u,z 2as
PO+ 2r98x2E

()y_#n
v 7
a: 9-Gnrfs”

/—5’25"” U 7m/5

T T
by VI (/(,.1‘2615

P2 S é‘: 4 7m
<~ = Jd
2 = ?

(/7)

5 o: ! 50 /000 m

;((,) m,y’,4mL'U; =

2 29.42 kv =~

SO kv —=

294 kn ——

’U.'z: /LLL¢ ZQS
a-: 4o -2 x 0098 35

S ZOLO m

Ul

m’b’3

3
500r7 + 1900 : 640 vy
U; 2 54T mfs

0:29-9 + 300a
/Ioog

qs — 99'7»‘»/5"




14/37 (conl)

P .,5”-47»./5 V= AL 4 (Lt

= O 0:547-997C
a2 — 99 Tm/fs™
R t = 0055 s
e - 2

Mom. Qf(’fé/ ;M/DaC/ : ez U7
S G20« 547 kgm/,
Whenr P//e and mOnkiy come To resf, mori.: O

/m/DU/Je. I 2 C/?Gf‘lje, ,‘/7 IO T,

= 640 x 547

= 3,500 Ns
e Frt
3800 : 0-055 F Tolal Fforce - 63-65 + mass force
o F s 6365 kv P 6365 -G 27

: 69.92 L
Wor k = F s s '

6992 x /000~ £SO
1000

: [O-5 kJ

(!"\/) /lcc;e/eraf/;oﬂ of p;[e and {‘nonlé?/t/ : 99.7+9-8
: /09"5_#@/‘55’

F = moa
6420 x /095

= 70/ Lw
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Two views of the basic units (disc and brake pads)

of a disc brake are shown in the diagram. The
mean effective radius of the disc is 100 mm, the
force on each brake pad is 100 N and the coefficient

of friction between the pads and disc is 0.4. If the

disc is rotating at 3000 rpm, détermine: '

(1) the moment resisting the rotation of the disc; -
(ii) the energy absorbed through the brake pads if

the disc takes 20 revolutions to come to rest.

Effective
radius 100 mm

Brake ‘—
disc @= 3000 rpm
n='04

(5) Momenf of Re’,s;'jfancé “
= e d ,’ ,,,,,

P 2% O x 100 = Violo) o
looo o

(i) Enerﬁj : Work done o
e Z/ALRN x TTD=x20

2 P2xO-gx 100 x TTx 20020
Yore)

is

/oos J

14/39

A rotating pulley and shaft has a moment of
inertia of 48 kg m®, Given that the bearing friction
is equivalent to a resisting couple of 300 Nm,
determine the torque necessary to accelerate the
shaft from rest to an angular speed of 600 rpm in
12 revolutions from rest. Solve by a work-energy
.| method and also by using kinetics of rotation.

Olalf/bri MethC/, 7 I=48kgm?

300 Mo

Wo = O Work- Energy Method
Caé : 5_72‘@’;_0_‘2 = 62'83:’6&1‘/{ Wof/( U = T@

o = ° Kol K£ - V2Tw”
© : 2mxi12 : 754 rad, | JTo = ¥BJTw”

I, O, + 28 T - /xzi;w

3948: O * 2~7540 . /x99 % 62.83"

o o | e i

26415 b

ra/s : 1256 NV

7 [ Tola/ 72:7(/@ reg. = 12856 +300%

48« 2615 + 300

e

1

i':)ﬂé /<i§/m




14/40

A flywheel has a radius of gyration of 1.5m and a

mass of 10 tonnes. Determine

(i) its kinetic energy when it revolves at 500 rpm

(i) the time taken to bring it to a rest when a
resisting torque of 680 N'm is applied to it.

SO0 27Tx1-5

@) Linear vel s

Xe
= 7854 ”"/5
KE = Yo mma™
- 1)<_ 1O % /1O00x 73'&5—.42’
2 x 000 x 1000
= 3084 niJ
(Il) Erzue = Fxr F: 1 QA
680 = Frx /-5 4.53-3 - /10000 g
s 4533w a - 0045 rfs>
ot 7854 m/s
A O Vs e+ a,(f
O — 0025 mlsT O: 7854+ 0 025t
P L= /1745 s
s 7
/C ) 720 rpm
14/41

A shaftand drum rotating at 720 rpm hasa moment
of inertia of 34 kgm?. A brake block acting on the
surface of the drum brings it to rest in 12 revolu-
tions, the coefficient of friction present being 0.45.
Determine the normal force, F, between the brake
block and drum, given that the drum diameter is
1 metre.

; s 27T x 720/60 "'C?CJA ] He= 0.45

o 0, (), + 20O

! .7 0 : 5688 + 157 < R
] = /27 27T rad. ks — 3765 rad/s*

z = 34x37-65 /?eso/x/gf
| 2 /280 N Tr = LR,
T s 12804 2560 : O-45 R

LR 868 b
= 2560 ~ | | and F, = S 68 kv

sy



14/42
A shaft having a moment of inertia of 16 kgm? is

accelerated from 1200 rpm to 1320 rpm during ¢Jo =
2 revolutions. Determine
(i) the increase in kinetic energy of the shaft; ¢
(ii) the torque required to provide thisacceleration, D¢ =
given that a friction couple of 80 N m is acting
to resist rotation. oL =
(_f) [ncrease 1 K. E. & -

iy [er, - b T

BT (@ )@ )

/I« 16 r 2639 x /2.5
2 * OO0

c) O, D, 4 2x O
1362 1257 2r12-570C
oK = 1372 rad/s*

p—;

/ reg.
14/43 i
In an experiment to determine the moment of
inertia of a shaft and flywheel, the assembly was
allowed to roll freely down an inclined plane
formed by two highly polished parallel steel bars
set the required distance apart. The flywheel and
shaft rolled, without slipping, 1.5 metres down the
incline and at the same time fell through a vertical
distance of 500 mm, the time of motion being 5
seconds.

Neglecting friction, determine the approxi-
mate moment of inertia of the flywheel and shaft,
given that its mass was 20 kg and the shaft
diameter was 50 mm. :

J/]a[f d/’a‘ = 50h‘=m
. C‘:;/'Ct/”“”[.‘ ¢ 77 % S0 rriers
1000

/& OO0
77k SO

9233 reys or 60 racJ.

and Kevs. =

e = O

Wy - G : b+ ot t”
oL = 2 60: O« o028
© - 60rad%

t : Ss o' 4'8fczc(/g"

QI * 1200 . ;24 7 rad /s
G0
27 = 1320 _
i 1382 raci/; T
¢ C
27T 2. 2 12857 red

7. Lo

s 16 < 1312

> 20096 NMom
s 2090.¢6 + 80 « 218 kit

-

F =5
2 20x9-8x 50D
oo
2 98 Vo
u-:-7e6
98 - 7T« 60
7 : [ 63 Non-

7. JoC
[ 63+ [ »48

[ 034 kgm®




14/44
Fred's road roller has a total mass of 10 tonnes.
The front roller assembly has a mass of 2 tonnes,
a diameter of 1.2 m, and a radius of gyration of
0.45 m. The rear wheels and axle taken together
have a mass of 2.5 tonnes and a radius of gyration
of 0.6.m, the diameter of the rear wheels being
1.5 m. If the road roller is moving with a constant
velocity of 10 km/h, determine
(i) the kinetic energy of rotation of the front
. roller assembly;
(i) the kinetic energy of rotation of the rear
wheels and axle; .
(iii) the total kinetic energy of the road rolier;
(iv) the braking force necessary to bring it to rest
in 10 metres on a horizontal stretch of road.

(i) 10kmfhe = 278 mf; : Fronl Roller circ. = 70x/-2 m
At 278 mA , Fr FKoller revolves 278 r'cf.s/s or 4-639’@34

7T /-2
[:. Mkl
% ’ - = / b
2 I OO 025 K E - /z ICO 5
A x 205 5 £ 63
: 405’@”&* 2 '
’ 4-34 kJ

1%4

14

12

2

(lf) Rear Roller circ. @ TTx 1S m ;
Al 2:78 mfs Rear voller revelves £78 r‘evs/J or 37/ rad/s

T =18
I: mkl

2:5x1000:0-¢C° - K£.

1

’/a 7 COD

/ <« 900 37
= 900 lcjm’ | 2 ﬂ
(1) Tolal KE = Yomn s 5 Roller K-E. + Roar Roller K.E.
/5 10X /000 < 2-78L) r 4-3g + 6-/9

2. % Jo00

12

LR

e

49 17 kJ

(lif) Work done To sfo/D rolley + K.E. of roller al 2‘i76 ”’/5 60&"’/@
.. 4977 ;,C“K/OX/OOO |

/oo

F o= 497 kv
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15 POWER

Power. Power of Vehicles on Gradients.

Rotary Power, Frictional Losses in Bearings.

15/12

A jet engine can develop 25 kN of thrust when
travelling at 650 km/h. Determine the power that
the engine is delivering.

15/13

Power Requirements of Hoists. Efficiency.

p. f=3

¥

t

24510 850 % 100D

3600 * looO x /1900

14

4-5( Mw

Determine the average power that would be
necessary to raise a hopper of concrete through 30
metres in 2 minutes with constant velocity, given
that the combined mass of hopper and concrete is

750 kg.

F=xs

xR~

P

A\

: 750+ 9.8:30 )

15/14

A man of mass 65 kg sits on a sled being pulled by
a mule. The mule exerts a constant horizontal pull
of 250 newtons and the sled moves with a constant
velocity of 0.5 m/s. At what rate is () the man
working? (if) the mule working? i

Nl

@) P

25005
/

125 W

iy

111

15/15

The output of a certain machine is equxvalent to
15 kW. If the efﬁcxency of the machine is 809,
what is the necessary input power?

1

W/¢

750 = 9830

120
[ 84 kw

Vs

//7/ pul

113

1




“ 1 Friction and inertial effects to be neglected for

15/16

| A crane lifts a girder of mass 12 tonnes vertically

. upwards through 30 metres. During the first 5m of A o
*1ift, the load is accelerated uniformly to a velocity 2 z
of 1 m/s. Thereafter the lift is continued at that e/ M/; U AL+ 2as
i velocity. Find:
. (i) the tension in the cable during the period of a: 7 /] = O 7" /Og
acceleration; o
(ii) the tension in the cable’during the period of S - 3 Cr = O m / 5t

uniform velocity;

(iii) the capacity of the motor necessary to com-

plete this operation, without overloading; . F.

(iv) the total work done in the lifting operation. (1) = M Q

(iii) and (iv). . /2)(/03){ 0./
i) T = mass force . 1200 w ;
| : /2510 96 T = 1200 + )2.10%9.8
= J1T7 6 kN : 18-S kw
iy P -7
| F - 118 -8xt0°n P. Far
| U - /""’/s ' 2 /188 bvy or 120 kW

: (“/) Tolal work : Work dore ace, + work for consl vel,
WOKA@CC) : ij Wor (COnJ/L. v‘e/) s Fxs

- /18-85 5 S /176 x 25
. 504 kJ P 2920 kJ
. Tolal werk : 3834 kJ or 3:5 MJ

15/17 ,
A centrifugal pump raises water through a vertical .
height of 20 metres. If the pump motor supplies Vizi ol or OUf;D s 20 kw
20 kilowatts of power and the efficiency of the
pump is 80 %7, determine the quantity of water that . Pum/D Odf/DUf s /6 /<"‘/ (8 074:/’[)
can be pumped in one hour. Take the mass of ¢

1 litre of water as 1 kg.

P . FxS
| £
:% 2 /:‘;c 20
/éxlo - 3. 600

16 x 70> x 3600

Y=

4

Vol = 294 A;/o/,f/(%

7

N
®
®
<
2




15/18

During a cutting stroke of a shaping machine it is
found that the average force on the cutting tool is
1.5 k. Given that the cutting speed is 0.3 m/s and
the overall efficiency is 70%, determine the suit-
able power rating for its motor.

Wof/c per Jeconc! s FPower : é,,f:
= /.Sy /ng;r 03 '
Ou/‘puf «
- = e — P4 ]OO
~EE ot
/ufxmfx08x/@0
7O

Caz S6 walls

A soitable molor raiL/'r?j wouvld be TIO walk

. MO/LO/ /nPU/

[ ]

"

15/19

The water used to drive a turbo-generator plant
falls ina pipe through an effective height of 50 m to
the turbine, from which it is released at a velocity
of 1.3 m/s. If the combined losses in the pipe to the
turbine and in the turbine itself are 259 of the
potential power, what is the power available to
drive the generator, when 60000 litres of water
pass through the turbine every minute? Take the TN b
mass of 1 litre of water as 1 kg. "

60 000 lilres : 6o o000 kj
U= Fx5S o Mass force = 588 kn

JES8 x 5O
SNy~ —%o b,

Wit a /O/'/oe ond Jorbine eff of 75 .

fover avarlable . 588 x SO< 75
60 = 100

A//éf’na/ﬁ 's/e./x .
PE = mgh

60,0009 8 x50 x 75
GO = 100

3675 kn

.- %We/‘

e
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A pile-driver hammer of mass 500 kg is raised
vertically a distance of 4 m in 6 seconds. The
hoisting equipment has an efficiency of 80%.
Determine the power of the motor necessary to
operate the hoist, assuming that the lift is at
constant veloctty and friction is negligible.

Work dorre on /’lammer’ 2 L9004 J
Fower ouijouf of mo]‘ér//[?ozis‘/t

900 x &\,
&

Resolhe verl 75
fird T im rope

VARE

4900 ~

1/1/)//7 <7 Q/Z'c:/énf)/ of SOZ Fosm /90/3/ m&iéof oa//jor//—

15/21

A pump raises 13 cubic metres of water per lour
through a height of 100 metres. Calculate the
power required to drive the pump if 609 of its
power is used to do useful work. The mass of
1 cubic metre of water = | tonne.

I3 m° per hi
I3 Jonnes per hr

*n

1

/3oo0 A'j per b
: /3000/3:600 Aﬁ/s

15/22

An engine delivering 4 kW is used to pump water
from a shaft 30 m deep. How many litres will be
raised in 24 hours,

(1) if friction losses are negligible;

(1) if the overall efficiency of the system is 85 %7
Take the mass of 1 litre of water as 1 kg.

LPOOD« L x OO

(i) POV\/ef = ;x =
t
24 « 3600
. 4000 r 24 x 3600
£ 20
= //-52 AN

A
1/ 58 x /0

NMass -

2-8

6 x 80 » Jopo

= LZ-08 4w

F =S
t

13000 « ©-8 x /00X /GO
- Ay

3BEo00 =~ 1000 60

= 5598 kus

1176 = 85
o0

0

- ©99./8 Lilod 7‘/;5

or 1176 /é/'/o//ffc’j
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In a test on a lathe cutting tool; it was observed
that the power required for a certain size cut at an
effective 150 mm radius and a speed of 200 rev/min
was 4 kW. If power losses in the machine account-
ed for 1 kW, determine the tangential force on the
cutting tool.

s
P H é— -

éfﬂ‘xv’«é".ﬁ‘ Zﬁﬁ" ~

* 1000 - =
3 % 1 FID ~ 9@4 >

3000 = 2
27T

955 w

£
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During a test on a motor vehicle with a total load
of'5 tonnes, its road speed was steady at 50 km/h.
The vehicle was travelling up an incline of 1 in 15
and instruments indicated that the engine was
delivering 55 kW. Determine:

(i) the power which produced no useful output; B
\ 49 kn

(ii) the power which did produce useful output;
(iii) the efficiency of the engine at this instant.

F=5 ,¢
%ﬁecfzﬁ arzj /osses/ Foroer r’e?. - 7 T

. A951m © x SOx 1000
) 3600
. Ty

Ei’ij;f’;e C/@/)'V‘ens 5:5‘4414/ o
(/‘) /DOWer" /asf s 9-63kw (/y /Dowef aua}/ s 45’.37 ki

and 1) g : Ouf/Du/'//,-;PUf < 100 |
15/25

s 8 2 . é ;o
et 4.4
A steel cable is used to haul a truck up an incline as

shown. The mass of the truck and load is 1 tonne ” .
and the frictional resistance to motion is 104 N. - © k
Determine the power necessary to haul the truck F = 9 800 s 18 -43 + /04

up the slope at 10 km/h.
- 3 2 02 /\/ o

P - n

- 3202« fo s l000
3600 x j000

2 8-89 kw

£
: &
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conveyer.

An electrically powered conveyer carries 30000
packages per hour a distance of 25 m up an incline
of 1 in 10. Each package has a mass of 30 kg and
the power absorbed by friction in the drive is2ZkW.

(i) Determine the power of the motor driving this

(ii) What is the efficiency of the conveyer?

30000x30 <« 9-& « O/ *25 J mgs}nW

¢ U
)=

15/27

-

P -

N 2

or.

tp

e

(ii) up a 2% grade at the same speed?

Sx /O5 2

30,000 »320x 98 rof 28 S

Shw ===

\

3600 x 1000

G125 b + 2 how los) 2 81285 kw

[/}7 ffﬁcxenC)/ 1’7 : %x 100
x {00 = 754 Z

6-/125
8/25

A diesel locomotive can deliver a maximum of
3 MW of power to the drawbar. Given that rolling

rcs_istances are 50 N per tonne, how many 60-tonne (} )
freight cars can the locomotive pull "Soréox & =
(i) along a level track at 100 km/h; ——] GO jlc i a

Resolve horiz. i F = 50602 ~
P

i /xS
E —
é”,Q’xédXxpdzx}dg NS gl
26x o

S x/0

(i) Resolve J plare
£ = SO0x 60 + 60x/03~x"9'8' Z/OO
:x(&'ooo - //75@”/

F =S

(o

$Sx 6

+60x/03r X% 98BN

36 = 36 ff'u&éj

3}:/0&*2 : Xx 192769 M{!’: w’g’

-

36><5@”‘
3</0"x 36
276

73

7 f/’uc/<5

3
6O/ It 98 n
1
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A cylindrical bearing 100 mm in diameter is
subject to a load of 8 tonnes. Determine the power
absorbed by friction between the bearing and its P
journal when the shaft is rotating at 600 rpm. The 60O R.F
coefficient of friction is 0.03.

600 x 77“" ‘00

oo RPM -
GO = 7000
: TF’"/S
P Fxs/
- Mz’v w T
) /

0-03x8 #1000« 9870  fw
/OO0

7-38 kw

113

#f
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Determine the torque on a shaft which transmits
600 kW when running at 200 rpm.

Lel 7he radivs of fhe shatl be R mefres

PJSIL f/’a;/e//eo/ 17 fo‘ec s 2002027‘1‘2 )

Fower ff’an_s‘mf//ec/ - 6oo K/OBA/MA

. £S5
F ¢

3 Fx 200~ 277 R

GCOOx 10 - 0
o Goox t0°x EO
200 x Z7T R
. 103
28 6};2 o o

72/?(/@, - F" r

. 2864-10"% R
i R
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A guillotine relies for its operation on the kinetic

energy stored in its flywheel. The flywheel has a !<. 2-
mass of 400 kg, a radius of gyration of 1.3 metres, [ =

and is rotating at 300 rpm. During a one-second 2

shearing operation, it slows to 270 rpm. Determine : 400~ /-3

(i) the loss in kinetic energy of the flywheel during 2
the cut; A 6 76 kg

(i) the power used during this cut, if the machine
has an overall efficiency of 60%,.

@) Ar 300 RPM Al 270 r.eM

300x 27T | 270x 27T
©r e ©r T
= /OTT f'ac{/s = 97T WC?O(/S
and ?gfarj K-E. - //Z Tew™ and /?ofc“:j KE - }/2 Ic@%
. I x 676 %007 _ /%676
2 2
= 333-6 kJ x 270 kJ

Loss jm K.E dvring operation : 636 kJ
Uf)  Work done - Loss in K.E.
: 636 kJ
Sirmce Thss Taktes place 1/ secoma! The power used
in The O/De/‘a.f/bﬁ s 636 (4w
Whit, an eff/éfency ol 60Y The pPower”
vsed /s Found éy:

. c)o’fpuf
& i 1r7puf
: | e
/ﬂ/’)t//’ : OUOPU
> 636 x Joo
6 O

= JO6 4w
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An electrically operated hoist drum of diameter
1.2 metres has a moment of inertia of 100 kgm?.
The friction in the bearings of the hoist isequivalent
to a couple of 1 kN m. Determine the power of the
motor required to drive this hoist if it is to be
capable of lifting a maximum load of 2 tonnes
vertically with an acceleration of 1 m/s* for 4
seconds. Assume that motor efficiency is 87 %.

With a /m/.,;” accAe/. upwar’als Jhere musl be an
vnbalance d For‘Ce) ~ acf/.mﬂ on The 27T load.

/

F = (P-19600) ¥

£ = ma
P- 19600 2000 <1
P = 2/ 6v0o ~
The Jolal 7Torgue | T acf:'nj on The droen eyua/s
75"“205 (7;) lo overcome F p/US

7;9 overcome frz'c 7‘/5!’7 .

75;’71/6. (7—;-3) 71—0 over ¢ e C//‘Urn /‘nerfz.cr P/US

()r’iuc (7}

T 2 20600 0-C : 12960 Ao
7, Iot = 1009y L 16667 e
T3 2 1000 W
Tolal Torgue T = 1272667 Ao

ey

V2D,
A 7 Uz /LL+af and Grlg.x/e/a): —U/r"

a : /m/d’” e 4m - . .
P /5 6 67:*0%

£ 4s
Fower f‘ez)u/rec/ A_y Avorm - 7/60 ?/4/Zé‘é7x‘é'é7

outpot " 9418 ke
From i7 g /n/)u?

Moty Va/frig . 24185100 | o825 ku
87 .

or 110 %

-
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A pressing machine has a flywheel of moment of
| inertia 50 kgm? which provides part of the energy
|| for the pressing operation. This flywheel is driven
| bya3-kWmotorand each pressing requires 5 kJ of
| energy and takes 1 second to complete. Determine
| © | the reduction in speed of the flywheel in rpm and
| the maximum number of pressings possible per
| minute, if the initial speed of the flywheel before
| each pressing is 240 rpm.

£20 reM (w,) : 2513 ra;/./s
KE of Féyzwéez/ = Zf 60,2"

s LrS0« 253

s 15788 T
FPower suP/o//ec/ bj molor = 3006 w
. fngrgy I o o /aer. Sec « Foop J

Lach /or'es.s/'ng /‘e?w}ﬂes S000 T, Theretore e
Flywbhee/ mosit sypply (5000 - 3000) or 2000 J eccl
second and Hhis e vals The CAan_ye v KT each
Secornd. [/F CO& ’s /Ae f_ywxéee/ J‘/oeec/ qf /%e

" Com/a/efzbr? of o pressure thers :
/S, 788 = 45D O - 2ooo
£S5 D, « /3 7o
@D, = 235 rad),
or 224 REM.

Cﬁonye 171 J/Jeea/ 2 ELO-224 or /6 REPM

/wa/f : /\/ou/eéec’
Tola/ erergy re?'u/r'ec/per see,

S000 J
/Wofo/’ Ca iy 50/0/3/] on/\ Soo0o J each Sec.
- Cf/ua Ky bree/ sq/o/)//es 7%? remaining 2000\/)
1 L Moo Ca/aac//lj 25 3000/5-00 o of The energy
i"‘«f?ul;"’e/wenf each Secorn o )
| re. Jhe rmolor werlf ma,ée S5 or 06 of o
Pressia g ea ch Secomd or :

Yt

36 /Df’e;«s‘s/h qS ea ch raim u/e




/VOfe.-‘ /MPQ z /N/mmz' o’=£
A

: /OSN/Mk AL e

: TTTL

/!GPy - /OBA//mmL g_o_PL

: >/09/\/'/m“ | 22 Ae
SE/unit volume = 3%

16 DIRECT STRESS AND STRAIN
Intensity of Stress. Types of Stress. Strain. Hooke’s Law. The Tension Test. Other
Mechanical Tests Involving Direct Stress. Engineering Stress. Resilience. Factor of Safety.
Direct Stresses in Compound Bars. '

9 : 98 M/.SL

16/13
A press tool is required to punch out discs 42 mm
diameter from steel sheet 3 mm thick. If the
ultimate shearing stress of the sheet steel is 320
megapascals, calculate:
(i) the minimum force required to punch out a
disc,
(ii) the average compressive stress set up in the @
punch.
ol

s $42 Punch

S %,' -
P GIR= I
320 g 7_1.,-"42,(3

320 «7Tx 423 T < 42 »42
1073

/126 -7 Lw

3
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A 20 mm diameter bar has a tensile load of 36kN
steadily applied to it. It is observed that a gauge
length of 200 mm on the bar increased to 200.3 mm
S under the full load. If the elastic limit was not
exceeded, determine

! (i) the stress in the bar;

(ii) the strain in the bar;

(iif) the modulus of elasticity of the material,

36x/ogf<4~
Tx 20 x 20

[H]

/1459 MFA,

{1

%o

-3
/-5 570

A

114 - 59
/-5 xt073

by

(&)

1y

/64 GFa
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A steel tie has a cross-section as shown in the /4 re o P ( LYoV O) - (I Oxf O)
diagram. Determine the stress in the section 4-A4 if

the tie is subjected to a tensile load of 20 kN,

. LOO mm*
_ ]
] 1
| s 20« /03

- 50 MPa
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A press can exerl a maximum force of 3.5 MN. .

Wllljat maximum thickness of sheet metal can be A = i D = ’ﬂ‘“CL”aS s
sheared by a cylindrical punch of diameter 100 m,
if the ultimate shear strength of the sheet material is
400 MPa? What maximum compressive stress will
be developed in the punch during this operation?

SR

)2
AT s - 74

. TTDxT

"

Jicioox T = 35 = /oé . e -3
400 : I & /O x4 _
3’5’5 /O/G ﬂ‘g 100 = IOO

400 7T = tOO : 4456 M Py
2 27 9 mm
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A hydraulic master cylinder is shown in the dia-

gram.

(i) Determine the compressive force in the push-
rod when the foot-pressure on the hydraulic
brake pedal is 300 N.

(if) What is the compressive stress in the piston if
the master cylinder has a cross-sectional area
of 600 mm??

(I) 72/@6 mor, CJt.bOU}L C
P« 50 = 300x 20D
P = 24 kw

16/18

A tie rod in a machine is 3.140 m long and 40 mm
in diameter. What is the extension under a load of
100 kN? The elastic modulus of the material is
200.GPa.

-

: 3120 rmm
M= 20x 20 v

o Maen

. 3 :
100 = 10 N

100 < 1034 4
Tx 0O~ L0

e - ¢

my >

3
s 200x 1O MPFg

SR

3 /00:/03,(4’;(3/40
20010 = T rdo- 20 e
e /100 = 10" x & x S/4LO =

200 x (0% 77 x 4O 4O

= /'Zj”mm
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Some years ago airlines banned the wearing of
stiletto heels by women because of damage to the
aluminium alloy skins and floors of aircraft,
Determine the approximate mass of a woman
passenger whose heel just perforates the alumin-
ium floor, given that the floor is 0.35 mm thick and
its ultimate shear stress is 45 MPa. Assume that
her full weight-force acted on one heel. The size of
her heel is as shown in the diagram.

Pian
of heel

- 7a

‘4:5. = ;3//09
L Moss n7u5fnof excee d 5'0/<9~

Floor structure

Shear Area - (9 + & * "7T‘-_;"9") x O-35

2 OO mem
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Calculate the length of a steel tie rod of cross- . 3
sectional area 300 mm? which, when suspended Wf dernsy /L - EOx/0 /\/’/,m 3
vertically, contains a maximum stress of 100 kPa J
due to its own weight-force. The weight density of . 6OxJsO 3
steel is 60 kN/m?. - N
10?2
3
Vol.  : 300 L mm
Moss Force : SO0 X L 6o x 103 A
19
S 2
: P -~
100 . 30D xdx 6k 2O
/0% (0FFx 306
Y /0O x 0%
6 = /03
16/21

Given that the shear stress in the bolt is not to
exceed 150 MPa and that the maximum axial load
to be applied to the rod coupling is 25 kN, cal-
culate the minimum diameter bolt that should be
used.

What size bolt should be used if a factor of
safety of 2 is introduced in the design calculations?

For a S.F of 2 #he bolt
7he bq/f /s im deoble shear mosl Carry Jevice the load
oo Bea 1. 5O kv,
-3 ,
ISD: 25 <10 7:1//(:@ The C.5.A. or
A 166 - GCT mm® /s r‘eia/,

A E3-34 mm A w0u/</€7ua//4'5é’""\
ynd d 5 /O3 mm

A 12 (M12) bolt oo ld A /G mm (M6 bolf

bg suitable. 772reczc:://nj would b?z suilable
f-educe_s 7/7{; Effccf/‘x/é O/"O'

i
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A wire 2.5 m long and of uniform circular cross-
section is stretched 5 mm by the application of a
load of 2 kN. Calculate the wire diameter, if the
modulus of elasticity of the wire material is known
to be 200 GPa.

f:

2 o|q

1

r &
X /._ N

£ re |

3
Cxl0 x 25510
200 /(73/‘ o)
. 5,”,,,,""’

d = 2‘5 vy g 800 kN

0 >

A -
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A S-metre length of 310 UBP79 (steel universal
bearing pile, mass 79 kg/m) has a cross-sectional
shape as shown in the diagram. Determine the
stress in the column (i) near the top and (ii) near
the bottom, when it is supporting an axial com-
pressive load of 800 kN. The cross-section of
310 UBP 79 has an area of 10000 mm?.

Colvmn Mass - 595k5
CO/Um:’i MOS.S /[:0/'('9 = 3 87kf‘/

800 kN

) Near 7he fop oné/ The SO0 kn Joad
/s c’)/Derathj
O ’74

3
. S00x/0O
JOooOoO

: 80 MFa

(//) A/ear‘ /%—C bof/'c)m 7;46 Co/Umn /3 f(//o/)or/jhj < #7
exlva 3-87 kv (/7%5 We_@é/ /c?rfe).
o =

3 |
- 8o3-87~/07 . 80 .39 M~
‘ 10000
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A compound bar is shown in the diagram. Deter- }

300 150

mine: I
(i) the tensile stress in the steel section of the bar

and the tensile stress in the copper section of
the bar;

(ii) the elongation of the bar if the modulus of
elasticity of the steel is 200 GPa and that of the
copper is 100 GPa.

N
N

% Copper Steel

(cross-section
20 mm?)

{cross-section
5 mm?)

B, = Pyt = 7okl Load Ghn.

G, S, - /DJ//;S
. éx10° b Ex10%
20 =
= 300 MP, : 1200 M~
(7} COflaer‘ Secliom Stee!/ Seclior
3 . &x 03
dC = 622}0 MPa CS; = ...._.3____._.
. £ =
8 - 7/ 8 = 7
= £ mm 2 =
Joo )
* L
£ . P& £ . 2L
A re . ] A~ 6’
Nole : All vnifs musT be N and 77
e éxlozx o= A’Oé 6%/03; /50:10’4
) 20»:/03"/00"/05 ) Sx 10°x 200~ (0%
2 00008 vn o O-9 2 O-0008.., o OO
. Tolal exl 2 1S e
16/25

When a bolt is in tension, the load on the nut is
transmitted through the root area of the bolt. An
ISO metric bolt"24 mm in diameter (root area =
353 mm?) carries a tensile load. Find the percent-
age error in the calculated value of the stress if the
shank area is used instead of the root area.

D}fference

Zﬁ/&y’ -

[}

Lel the femsife Joad = P
7%-614 fff':f’.SS 1 jAanfé' area - -——ip’(

T x 247
agnd shess ;n rool area - _ £
35753
. P 4P
1 Stress <353 7 SrE ) MPe

P (28410~ 2:215107)

/P/(O'GS'X/O&S} x 333 x /o0

/}zf

2227
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A quick-acting vice is operated by the air cylinder

as shown in the diagram. The air pressure used to

clamp the small object 4 in this vice is 75 kPa.

Determine:

(1) the clamping force exerted on the object 4;

(ii) the compressive stress in the air-cylinder
piston, given that its cross-sectional area is
2000 mm?;

(iii) the stress in the activating rod at B, given that
it does not bend significantly and that its cross-
sectional area is 300 mm? at this section;

(iv) the compressive stress in the toggle links,
given that they are 15 mm square; and

(v) the shear stress in the pin at C, given that its
diameter is 8 mm.

=L

ID = dxA

- 78 = 103x 2000.

will pu&k Jo the leff amd i
the olher half Jo the right  : 150~ a

1y Halt of /Ae. 15O~ /oac/

L Valve of force im 7537/@5 : 75/5,}7 20" E

| : 2193 w L

Kesol e frorsz.

[ressvre force al A = 219.3cos 20 - 206 ~ 3_

o~ 5}" . . . — ’

(1) ress je7 /puiéon /.502000

200735 MFPa or 75 kFs t

.., . - / é" O ’

(17) Slress ;2 B /300 )

- OS5 MFP ey SO0 AkFg

(V) Force in 7039/@5 TEI93N and CS A : 2285 mm”
5/7‘5,55 st 7;\33/@5 By 2/9'3‘/22«5"/,7,%

= O-275mp, 0 975 k1%

( ,} 2093 N s c ] fam

v | —————— 219-3 '

L. A. %jj/ﬁ exerls shear slress on Pir C of: -

2/9-3 4 . 4-36 MPqg 'y

R.H. 72jj/e also exerls K36 MPa
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The permissible extension of a steel tie is 100 mm . =4
and the fractional strain in it is not to exceed 0.002. 5 Tre Iy 2 /[__

Calculate the maximum length of the tie.
/o0
0-002 - /[__

/00

n
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The tractor shown in the diagram has a mass of

5 tonnes. Determine

(i) the maximum drawbar pull of the tractor if the
coefficient of friction between wheels and the
ground is 0.6;

(ii) the diameter of the drawbar hitch pin, given
that the ultimate shear stress of the material of
manufacture is 180 MPa and a factor of safety
of 3 is to be used in its design.

Drawbar
> pull

Consider that the total weight force of the tractor

acts on the two rear wheels when maximum
drawbar pull is applied.

() The moax. Ffriction force To ,Dfez/eni[ J%e whoeels
Jﬁjnm,nj - %/QA/ = Q-éx .‘j—QX /03;( 98

fooo

- 294 kn

SP/;’i L5 Masx. Foll - 29-4 kw
(i) Stress - P4

Arvea 224 107
180
. .3
C?"?C{ Dia. - /294 1o°x 4 s /4¢ 1 1y
180 7T

/’Zf‘ & Jayrefy Faclpr of 3 70 Ae /hf/Oo/uCeo/.

.7 5.

Sa—fef\ Faclor -
| J cle Alloweb/o L\/O/éz'mj Stress

A//du;a.a//e Work. Stress . Y75

. S =

o . P s 60 MP,
N = /A
3
_ 29'¢X/O 2 )
B A - 75“"‘" fam L Effeclive shear area
; %/-5 /"3/3;”65617/2' ﬂyeq_f af,{[ &3 = 29'4”103
A . 245 i""my

/¥ The dravybar pu// exceeds Mis The wheels will

and dia 1766 0r /8 nens
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A pull of 1.25 kN is applied to a wire which oper-
ates a railway signal. The wire is 60 metreslongand
has a cross-section of 20 mm?, If the movement of
the end of the wire in the signal box is 250 mm,
determine the length of movement of the end of
the wire at the signal. The modulus of elasticity of
the wire material is 200 GPa.

7—2/‘5 re przsfﬁf:f
o /f//o:/e menf
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One side of the mechanism for a hydraulically

operated loader is shown in the diagram. In

removing a large rock from the face of the ex-

cavation, the loader bucket exerts a vertically

upward force of 30 kIN. Assuming that this force

acts equally on both sides of the loader mechanism,

determine A

(1) the compressive stress in the lift-cylinder rod,
given that its effective diameter is 50 mm;

(i1) the shear force on the bucket swivel pin 4 and
the stress present within it, given that its
diameter is 60 mm.

(}) MOmgﬂZ} (?Aoc/f.B
FxS00 -

£ 4

3
200x 1O

X o=

-

/28 = /03x &0 x/03

-

2O x X

123 * r0 3# o x /D

2

20 = 200~ to?

/8 ° 7\5—mm

&7 /CSS //7 rnat/e)wenf

24 5/15”0/ 2 250 - /8785 23/ T8 mm

t=

[

1800 |

Cylinder

3
30x= 10 *x /800

£ 30x= 10321800

soo

= /08 AN
e 54 ot on each srde

3
. SL rrp” x4
DT ress -

Xy 2

T x50 80

275 MPFPa

—560/6 * Amen s 05 ky

7;/!2;/ S.F. o p/h

Or 3375 each side

'

3
F . 3375210 x4
d— A ITx 60x 60

/{94 MPa

u,

(dw each 5/@’@)

30kw
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A tensile load of 5 kN is applied to an alumlpmm
alloy bar of length 1 metre and of cross-sectional
area 500 mm?2. Given that E for this material is
70 GPa, calculate L :
(i) the extension of the bar; Skw .
(i) the total strain energy present in the deformed e e ———p—
bar;
(iii) the modulus of resilience of the al}oy; 3
provided that its proportional limit was not /4 : 500 mm
exceeded by the application of this load.

a £ T ) Strain Energj : Worlk dore

. B ) N
S=x/0 3;< / /03 /47/- Force vsed = 3 ;/o

3 A
7O%107 ¢ o0 A

3

s% 10 %0143
o Werk [S.E): ——
Sx10%% ¢ 10" ( ) £ x 10O

500 = 70 107

: 0743 mm

(77) Bav Areq - 500ﬁ04 m
Bar Vol - Q:Q_%_g_?:' m 3

&

Mod. of /?85///6‘1766 : 5'£’Anz‘/‘ vol.

0357 x /06 _ 7/4‘_//::3
/ x 00

16/32

A 400-mm long steel bar of diameter 20 mm is

placed concentrically inside a gunmetal tube of

22-mm inside diameter and 4-mm wall thickness, 24— 0.1 mm

The length of the gunmetal tube exceeds the length

of the steel bar by 0.1 mm. A compressive load is

then applied to the ends of the gunmetal tube

through the rigid plates as shown. Find

(i) the load needed to compress the tube to the
same length as the steel bar;

(ii) the stress in the gunmetal and in the steel when
an axial compressive load of 50 kN is applied.

E steet = 200 GPa Egunmclal = 100 GPa

Gunmetal
tube

(D =d")

(I/ Area of G.M. 7&,56 Z 5
7r(900~484) . 32673 mm
L

PL ) £« Ax o<
£ A = P 1.3
100 x 70 x 336-73 » O/

200-7 % 107

: 816 iwv




16/32 (cor.)

(i) Area of GM : 32673 mm” & Area of sleel « 31216 mm™
Fre-slress imn Gat. = £+ € or

100 = 103 O/ ) 8‘763/03
200/ 32273
2 24-9S MPq = 24-97MP
NoTE i | Total P:(Fams Bt ) |Zam: gt t |Lgm = L ss
/D::’f . Lst FPorm » L Gr
Loy = Lam
Ast r Xyt Aam v X am

L st . Es} x Ast Z.,GM Egm » AG’M

ar

xsf p=n Fam P
Buf 1_5,4 . LoGm E}f"xAsfj . Lgm » Agm @
OC 54 JCGM }?st PGM
and Ps'f * ‘DGM 50 memese e @

from subst (50-8,—,,9 for Pst in

2005« Jo° % 31416 150 <1 x 32673

é“o,‘ws’— PGMX/I/O;. PGM)’W/S

628-32 B, * /6,300 32673 2,
chm - /7'/ kw
and Pst. = 50-17:/ « 32:9 kn

LAY,
G- 326-73

773 M

+ 2499

: 3
. 329 = /0
Sst T e
4 -{&

[O4 -7 M7a

iy

g =




|
|

300
16/33
A concrete column reinforced by 4 steel rods is TR
designed to carry a total load of 30 tonnes. If the @l @9
combined cross-sectional area of the steel rods is g
2000 mm?, calculate the stress in the steel and in X '.'_4' A N ‘%
| the concrete. i@\ e
E seeet = 200 GPa Econcrete = 14 GPa A g ]
3 2.
Avea of 5/Lee/ 2 2% /0 mm
P 3 iR
Area of Concrele : 9xi0* - 2</0% : 8& <10 mm
Tolal P = Ry + Rl @ locs = Xe Lst = Lec
£t X5t i R . Xe
QSJ;L = & 6 s = &2 =
A Sll L Sf e A c L c
, [ Pt x Lost. EC - /DC x L c
PR 5/ s
A Ly A cDCS/' A c * xc
or Lst _ Lt o« Ast and Lo £ r Ae
oC st Py Xe 2
QS" Lsf . Lc E.S'/.Pf AS,- [QXAC_ @
M Ce N - -t -
254 X st iy Fe
cod  PrrC o+ 294 - = (@

From @ subst, C294=/03-—- F}_) for Py in @

200%;0;; 2« !«/

xg@xM

/g x
294*103"‘% i Pe
400 i 1232
(294* 10°— Pc_) I3
. s 222 kwn
and Pst : 294-222 : 7[2kw~
3 3
JZ = 10 222« /D
St * 25107 < Besio’
= 36 Mp@ = 2-542 MFa
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A large tipping trailer is shown. Its 15-tonne load
of soil is stable but on the verge of tipping. Given
that G, the combined centre of mass of the trailer
plus load, is 500 mm above the pin B, determine the
forces in the hydraulic ram 4AC and in the two ties
AB (note that one lies directly behind the other).
The mass of the empty trailer is 5 tonnes.

The ties are made from thick-walled pipe,
outside diameter 75 mm, inside diameter 55 mm.

Determine the tensile stress in these ties when in
the position shown. Given that the elastic modulus {
for the tie material is 200 GPa, determine their f
strains. 200 kv
(o
Take momenls cboul A
Ry«&5: 200x4 .. Rpy: /e;ola% -

/?QSD/Ve 7[brces Ver’]f

Consider he Jo/nf A

/? es o/./e z/'er/.

ACSIH 7-5-.: 40#A’55/-r)30‘ ..... @ A
Resole hboriz. _ 55 V TD
AC cos75 = ABcos30 - ---.® |pe 200kw | Rp
. AC cos 75"
F}‘Om A5 - m

AC ¢os 75« s1m30
cos 2o’

Subst im () ACsimn 75 : 40+

AC - 48.98 Y2 (C)
50/;//}73 ©) AB : /4-64 ,é/v(ﬂ or 7-82 kﬂ(T) eack

C.S A. for cach 7ie - Z (DL- dz)
z 2042 ”""Y"L

. .3 3
Stress 1 eackh Tie - wMPa
204z
£ 7
&
e O . 357200
£ 200 » (0%

(78 10"

Ve
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Where :

(Use g = 10 m/s” unless otherwise spec?ﬁed.)

17 BEAMS AND BENDING

Types of Beams. Shear Force and Bending Moment. Sign Convention for .Shear Force and
Bending Moment. Shear Force Diagrams: General Method for Constructing Shear Force
Diagrams. Bending Moment Diagrams: General Method for Constructing Bending Moment
Diagrams. Shear Force and Bending Moments for Uniformly Distributed Loads. Stresses due
to Bending. Centroids and Second Movaent of Area. Units of Second Moment of Area.
Calculation of Stresses due to Bending.

SIGN CONVENTIONS

N.B. Shear Force and Bending Moments are the BALANCING forces required
for equilibrium.

1.

2.

Shear Force

(a) A DOWNWARD S.F. for the RIGHT-HAND SECTION is

(b),A DOWNWARD S.F. for the LEFT-HAND SECTION is

(c) An UPWARD S.F. for the RIGHT-HAND SECTION is
(d) An UPWARD S.F. for the LEFT-HAND SECTION is +

% LS.FZ s.q 4
5.:1 1 ! l}s.p

Positive Shear Negalive Shear

Bending Moments

(a) A CLOCKWISE B.M. for the RIGHT~HAND SECTION is +
(b) A ~"LOCKWISE B.M. for the LEFT-HAND SECTION is -
{c) An ANTI-CLOCKWISE B.M. for the RIGHT-HAND SECTION is -
(d) An ANTI-CLOCKWISE B.M. for the LEFT-HAND SECTION is +

OR

(i) Forces producing SAG at the SECTION are + B.M.
(ii) Porces producing HOG at the SECTION are - B.M.

M, E . f

1

an

r Y
: Bendc'hﬁ Momen?i AV .
S Momen? of [nertia mdg'(lo mm? 2 [m 4‘)
Young's Modulvs : P (/6GPa = 107Fa)
Radivs of Corvelure :
Stress ¢ Pa or N/m?
: Dislance ;Q'Om Nevtlral Axrs @ mre

113

s 0

° 4

@y M=z
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A plank is used to provide temporary access over a :
small excavation to the door of a house. Consider o
this plank as a simply supported beam and deter-
mine the distribution of shear force and bending f
momments within it when two people of masses ;
65 kg and 80 kg respectively stand on the plank as A T
shown. Ignore the mass of the plank, g
Take r omenls aboul A Jo find :
Rp: 3562.5n & R, : 8875~ 1
% 5o~ ; oo 5 J
. [ by 2 oD - -
L ° s 7 ] Nees :
A ? £ B F c G D |\
. I
ea7sw | % )
. i } 5625w~
: ‘ SHEAR FORCE
+ '; TGS S~ i
T : Left of Seclion N o
o A f A : = o E
Rt of A: --887-5|
i Before B: .-8875 L
Affer B:-8875+650 :-237-5{"
5 Before C :-887-5+650 +=237'5 L
1 6' 25_ ,
N i Afler C : -887-5+ 650 13
| +g00  rrSezs
i 0 Before D:-8875+650
i
l + 800  :+5625
- BENDING MOMENT Af D: -867:5+650+800-5¢25+ O 11
Left of Seclionm Ve Right of Section — M
/4 :'L A = o Af D T '] ‘
At B : Ixg87-5 : v 8875 Leflof D: ;
. comllpr—.
Al C: 28875 - 1650 :+1125  Before C:

AF D 4288785~ 32650 - 22800

Rt of jec)‘zbn

At D :

At c: 2x~562-5

At B+ 32562.5~ /=800

Al A 4.562.5 2,860 - /5650

s '®, Affer C +562-5 - 8oo
Before B +542.5 - 800

Now  Mbter B +8625-800-C50 < -8875]
O BeforeA:+5425 -800- 650 *-8875

cv 1125 At A:+5625-800- 650

1+ 8875 - 8878 = O

O
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| A workman lifting the edge of a dimension stone
| stands on one end of his crowbar. If the man, by
| exerting a force of 400 N vertically down, just
| raises the edge of the stone, determine
| (i) the vertical force F,, acting between bar and

stone;

(i) the vertical component R, of the reaction at
- the fulcrum;
| (iii) the distribution of shear force and bending
'. moments along the length of the crowbar.
| Neglect the mass of the crowbar since it is small
| compared to the mass of the stone being lifted.

1800

= EA& momenfﬁ Qéouf A
(j' b /:;, ¥ /OO t O ISO0 &) Ao o= 7'2&:«% and (1}) _/3_‘: 2 7240 g ¢ 751:4!

| 2e,] | 1800 otk
F‘L’Er | SHEAR FORCE
iRv: rek Lefl of Secliom !__/\i
+ 7L kv At A . o
Rt of A+ :+72 %
‘ Betore B : 472 }
jlf% Affer B: +72 ~ 76 : “0'44,
. Before C: +7:2-76 =04}
, ,&o =04 knw ° Atci+rz-76+02 : O
BTN_‘:O - RE of Seclion kN
- Af e . 0
=072 kit Left of C .-0-4}
Belore B :~04 |
BENDING MOMENT After B: +7-6 -0-4 #7224
- Lelfl of Seclion knm - Before A:+76-0-4 s+ 72 4
| OArA . O At A :+76-04-72 = O
At B : loos 72 Tz

Al C ¢ (/300;:7‘2)“(/80027‘@) : O

Rl of Seclior ke N

/4f c : s o
et —
Al B: ~ (1800 <0-2) = =072

| At A —Goooroq)<foor) . O
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A see-saw of effective length 2.2 metres is hori-
zontal and supporting two children as shown. If
each child has a mass of 35 kg, determine the
distribution of shear force and bending moments -
along the length of the see-saw, if the mass of the -
plank is negligible. ’
?R4:350~ \RR‘350”
i
O-7 v Bl 04 04 m (o} O-7m 2
A L | J =
7 H’L
350w 350 ~
Take momenls abouf B =
3505 07+ Rgr0-8 = 350x1-5 i
Ry =350~ and R,: 700-350 - 350~}
s I
+ 350~ -
. % . |
5.F. 0 o -
+ f ~350 ~ —
Bm. o ' { o
- ; 245 Nm ]
SHEAR FORCE ,
Lefl of Seclion N ;F_?_ighf of Seclion N
Al A : O | A1 A : =350 +350+350-350 - O
From A o B: + 350 o +350% From Alo B:+350+350-350 * + 350
From B fo C:14350-350 =+ O |FromBfoC: +350-350 o
From C lo Di1350-350-350:-350} | From Cte D : ~350 2 =350
At D +350-350-350+350 = O | Af D ¢ : o
BENDIN G MOMENTS i
Lefl of Seclior N Right of Secliom Nrn &
At A : O Al A 12072350 +)-85350 -2:2x350 = O L
At B 07350 '+ =245 |AtB: +0:8x350 - 15350 2 =248 5
e A"—'\‘
At C:=1.5%350 + 0.8:350 :-245 |AFC: ~0-7x350 2245 L
At D: ~20.350+/5-350-07.350: O | AtD: - O
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A diving board is 3 metres long and is cantilevered R
as shown in the diagram. By jumping on its free B
end, a diver exeris a force of 1.5 kN vertically
down. Determine the maximum bending moment B
induced in the diving board due to this load and Wz o=

specify 1%5f position from the strap at 4. Ao /
A ial free-body di f isdr -
tol;?sls-;sétly;u. y diagram of the board is drawn % / |
Ra [==——=
'//«c}'ée. mo:wen/fs aéoufB - B
K=l = /85=2
,Z?A : 3/@«/%
/?e.so/W: Ve/'/:
Ry+ /15 « Ra
RB b 4'\5—‘ANT
TRB=4e5/<~
A !_A {mn e £Zwa c
‘D &£
Y _ 18 knt
g Y s 31” |
B8.M., o0 l o
) “['Skﬂm ”I‘SANM .
|
-3 katom
BEND/ING MOMENT |
Left of Seclion At
At A : O
e
At D ~05:3 2= /5
i
At B & —=/x3 2 =3
—_
At £ =2:3 + =45 : —15
At ¢ : =33 = 2«25 = O

0 Mo, BM 2 3 ke Clocksise al B
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400N 400N 400N -
17/11 ,
A section through a timber floor giving the loads
transmitted to the bearer by the floor joists is 2 IE] B B :
shown in the diagram. Neglecting the mass of the J "
bearer, determine the distribution of shear force ‘:1.‘3 :
and bending moments along this bearer. ‘ 1= :I;F
Joist cenlres A5 O men. _— L Py
<y | U OO P | <o g [ s
3 »
2-6 kea 2-Cks .
Take rmomenls 7o f/hd'/o/'er reaclions of 2.6 lm/? /ém//n3 s
a NETT vpward Fforce of 600 ~ af The Oufszlc/ejof\sf.s. |
;4oo~ }4001« qJoo~ §
_ ¥ 3 s o 1
oo TGOOM
| VEW[
+GooN i
*1
+ 200~ |
S.F 0 o ‘
4' | ~200w~
—600~ +360Nm ‘ ,_
=+ 2FO A
+|2 70 Ao
-+ i ,
B.M [ o e
- { SHEAR FoRCE
Leff of Seclior N
At A = ¢
FI"OMA /OB: = iy el %
From B o C: —Goo + 400 : - 200 %
At ¢ -6oo + 200 - (0-5:40’0) - O
from ¢ foD: =600 + 400 + 400 : + 200 %
From D fo £ : ~6oo + 400 » 400 + 4o : 4+ 6oo 4
Aff P —600 + LoO + oo + 40O - 60O = @)
Benvpinvg Aoatan 7 Ri of Sechon Nra .
/4]" A ¢ —450x 400 =~ 900« 200 - 1350~ 200 + /800 x GooO z O
At B i ~250. 200 -~900x 400 + 1350 + oo c +270
Al C : ~450x 400 + %200xGoo : + 360
P R ¢
Af D : + 450« ¢oo 1w 270

Al £ ¢ : O




- 17/12 s . im 0.8 m 1
A long-handled shovel is held horizontally as
shown. Given that its 5-kg load of soil has its ‘

centre of mass at G, determine the distribution of
shear force and bending moments present in the
handle due to the load.

}z A L’\ )y\R
| A
75)4-3 MOMQ;—’)Z‘:S ]f? 7[/‘,/70/ , .
E
F, = //2~5N% : 50w Fo R
| and Fgh - 625/\/%,
50n/% ‘ %
& L R
L I

F,il2-85wn

+ 50

+é 625N

SHEAR FORCE e BEMDING rMoateNT
Rl_of Seclion N Left of Section N
B Al G : -5‘0 +/lz~3”~62.5 = 0 At G : : O
| Jfrom G=L: 112.5~62. 5 : +50 | At L+ x50 - 0
ml Lt (05550n2.8)-C25 ¢+ O At R:~18:50 +08xlizs: O
 Foml-R: =625 : 6251
MR | e

Note : At L The 142-5 n force 1s divided 1 lhe /Dfopor‘f/on
/- /'8,(50a/ and 62‘54/) fo 3/}/43 a 2ero z/a/ue for S.F.
alf L.
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Overhanging floor joists are used to cantilever a
timber deck at first floor level in a house structure.
The weight of a module of the floor, as supported
by the one joist shown in the diagram, is known to
be 80 N/m. Given thai the walls exert vertical
loads of 2 kN and that three 80-kg people stand
centrally on this joist, determine the distributions
of shear force and bending moments along the
length of the joist. (Ignore the mass of the deck

railing.) -
U.D. L. 80 %? -
2ky 08kw -8 kot 2 kn 08k
(oo RTINEER _.g'.,-.‘_-._‘ P o a_ Q‘\ .
= R RS i
185 1Y) ) Em s -5
4 13334!615'6’74}’70'7£F
i
R, =278 kn %0.43,{»,«/ iRD‘ 4] kn an
‘ b
118 lew
108 ks i
=+ O %6 kw -
o
SF o o
} ~0-04 L,y
L
MR~ VR D D I N D R &
-0°78 kw e ~O-84 ke
"0-82 kw
1108 knm
+ &
-0 0f kenro
B.M. © 0
F 002 keprrn
2
048 fearmm K
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fa:éa morné’ni& 7é0 7(/1nc/ /?4:2'78/@;/8\ ,’?p:/,zﬂ/é/v

SHEAR FORCE . Lefl of Sectiom AN
At A x o

FfofA: down 2

up z278 = 0'7&# = ~0'784,
Mear B down 2+(l‘5x0—08>:2./2

vp 278 .'. Ovééf =~‘O-6QVL
Rf 01[_53 down P (1‘5*0‘08)+0‘8 = 292

vp 278 L Ol s+ 014 T
Mear C: down 2+ 0-8+(3206.08) = 3-04

up 278 0'.26¥ 4026 %
RlofC : down 2+ 0-8+O‘8*€3;O-08> = 3-84

up 2-78 o106 2+ 06 %
Near D! down 2+ 0‘8*0'8*(4'57()'08) : 3-96

up 278 18 ‘} s+ /-18?
Rt of D down 2+ 0-8+0-8+2+(4-5x0~08) P 5206

vp 278 + 4/ 688 . 0~92? : ——0*924’
/V9c7r‘ £ : c/owr? 2+0-8+o.8+2+(5-5x0-08> : 604

vp 278 =4[ + 688 0-84? = -O-84L
Rt of £ : down 2+0-8+08 *2+(5‘5KO'08>f0*8: G-84

vp 278 » 4] = 6-88 L 004 : ~O-04‘lr

A F: down 20005082+ (557008)« 0.8+ (0-550-08): 688 = O

vp  Z78 + 4/ 688
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At A :
At 1 -

At 2 -
At B :
A7 3
At 4
At C ¢
At 5
At 6 :
At D -

A7 7

At £ -

(COnf)
BENDING MOMENTS
Left of Seclion

A S~ A :
0-5x2 + 02505008 = [-0}

—t ‘ i N
0-522:78 : /.39 0-38
AT~ BTN a—,

Ix2 + 0.5x]x008 - 2-04

A — AN
Ix 278 : 278 : O 74
P S A
[ Sxr2 ~075+1:5,0-08 = 3-0O9

P o R,
15278 2 407 = 108
r— PN Pl T
2x2* OS5 08+ [y2-0-08 = 456

o it P
ox 2:78 : 556 : /00

e A AN S,
2-5x2 +1x0-8 + [- 25252008 : 605

T o P
255278 T 695 -9
B3x2 = 508+ /53008 2 7856

N —, T
3x2-78 2 834 s O-78

S AR AT AT m—
3822 + 2x 08 + 05508+ 0:5x 350385« 008 : 949

PN R Y
385278 :9.73 = O-24
AN A AT AT P
Fx2 + 2508+ 1208 + 051454008 2142

R
4x2-73

e e S

R, JA‘_\
/12 = 032
AT

L2 23008 2 15508+ 05k 451455008 » [3-4]

N
A, —~ T AT
5"2 + 33O 8+ v & e OS5 xS
AN
DS SxS xOO8
P P
5k 278 + O Sw 4l
AN A AT AT
5552 * 4y + 2508 +/1x2
il
DS SES 5 S 008
TN N
B Ex278 + Indel
A TN

AT PN
622 + 4508+ 308 t+ [ 32
A~ AT
+ 05 O0-8 + O-5x Ex6x0-08
T B :
Gx 278 + ISx4-f

R Pl
< 12-51 + 09

: 2283+ 00/

% The error orr O-0f At /;')57/&44‘0/2'@*0 ot F s The r‘eﬁu/il of

f’/fz'nj df/or&x,;n')a/e reac /bn Va/ugs 0[ 27814# Orlc/ 7 v
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An adjustable hanger is positioned as shown.
Determine the shear force and bending moment at
the points 4 and B when this hanger supporis a
load of 250 N. Since the mass of the hanger is very
small, it may be neglected in your calculation.

3 250 | a%o0 250 | 280
c D’ QA -“///an\ger'
\ / '/\ B ﬁ\;\ = )/ ] F
\ Bracket i 8 \%
\
Re T’?s Vasow
7;4@ momen/fs‘ abou] C
EDYZSO - A?J)‘O;:/OOO 2 R}_:" 750 /‘%f'éej O 7A€ AOV]ﬁE‘r‘
3R =R, = looo . /?E : R_D - 250
Svbs/ 3(R, +250) ~ Ry #1000 RD N 12.5“/0% e Ry= 373w T
HANG ER D g B £ F
'}dezsu ‘?RE 1278w % 250 5
SHEAR FORCE Rt of fecﬁon BENDING MOAMENT
P ey,
Al B: 250% At B : 25005 : 125 A
AT AN
375t = 1zs} 375025 + 9375 Mm
) —8
S.Fal B = + 1253/& < 3125 NMem
S
o BMaf B s =325 A
BRACKE‘]_:
?G s 4}?5375”
S e A \——__:_ZSE
TRD 2125N
SHEAR _FORCE Rt of Seclion BENDING MOMENT
A
At A: 375 ) AP A: 375025
i T
o : 37.5‘4&* 2 9375 N

AT
S F ol A - -—375»% o BM af A~ 9375 NVoem
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| A metal plate is sheared by a blade which exerts a
| force of 1 kN on it at C. The plate rests on fixed

supports at 4 and B and may be treated as a

simply supported beam. Sketch the shear force and
bending moment diagrams for the plate.

5 '
.—‘——b
lkw

L I
A\ e fom I
Y : 4
TRA: 995” Rﬁ:5N
. | i
/dée. momen]LS 723 if/no/ /?A 2 Q985 N T ono/ RB : SN
+
? o SN
S.F o o
~ 885 N
+ L G7E A
+ % !
B.»M., © ? O
Left of Seelion SHEAR FORCE — RE of Sechion
: A

Left of A: : O
Rt of A: s9st =005}
Leftof €+ 095} 05}
Rt of ¢ 995} 1000y R

Lefl of A:9951 .S‘f /ooo]
Ri of At 1000} 51
Left of ¢ ¢ 1000} &)

Left of B: 9951 1000 } - +5 |
Rt of B: 9954 5} Joooy O
BENDING

Lelt of fec]l/orr _{_V_:g
AF A . o
' T P A

Al € ¢ 995+ 4 2:975 ¢+ 4-975

AT

1000 » 995" = O

T
AF B : 995« 1000

Kt of C : 5%
Lefl of B: 5}
Rt of B :
MOMENT
Rt of Seclion
At A loors 51000
ST T
Af C: $x995 = 4:975

AF B

L

]
-
e
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| The steel channel shown forms one side of a short
| flight of stairs. If the channel has a mass of 18 kg
| per metre, determine the axial force, shear force
and bending moment at its centre section 4-4 due
to its own weight-force. Assume that the beam has
its centre of mass on the section 4-4, the joint at B
is a roller and ihe joint at C is a hinge.

] %%e momen/fj’ déoc//' o

36 sm20 s Rg = / 8cosav'x 848

HEe

Rpg : 386 ~
Kesolve vir ) s horiz. HR.: 386w, VR, : 6428 ¥
2e N
\ IIOQA!
: 40"
38’6“1"“% | //82-7zv
248y
SB2TN
lloe,v
/82‘7/-'

50" 386w
PO Sty

296w

lloe,«/
496~ \
e\ 3 | p SB2.m
648
o l/oa "
4 | Baow
206w B 1‘\ C  2scw AV v 248w
- ‘*% e LIy R16 # : ]
AF re) 7 o
) _.éo -206 M 495,,/ \'\4
40 | s0°
~7/12 N basn 416N

Left of Sectron

AXIAL FORCE

RE of Seeton

reiiecey

Lel? of B : , < o)

L e
Rt of B: 296 s — 206
Leffof A 296 2 ~29¢C

—— —tm et
Rt of 4 : 206 + 272 7/2 2 =712

U R S

"

G

CLettelc s 206 vqie - 2 s -T12
e —tpms e
VRt ofc s 206 « ar6 -T2

206 + 916712 + O

Left of B :
Kt of B:

Leltt of A :

Rl oF A
Left of C ¢
Rl of C

S5 e et R
208~ 4ic * Ti2
206 + 216 ¢ 112
P
416
s s e
206 » 416 - 296
s
SJ&
s Gt e
206 +446 = 296
ke e s e

206 + 416 7]2

ey

L e e
296 +416

i
2712

ot
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P&

17//6 (COnf:)

B c
&' 3mn
495.4 &
z249-2 827 .
I8

+248

S.F o
]
BM 2/ o
- v} BENDING MOMENT
SHEAR FORCE Rl of Seclion Nom
Lelt of Seclion N Atc : ‘ O
ha e — AN —
Left of B: : O Al 4 0 03827 + 0622482 0-6+496-4 = +124
e TRy R
Rt of B: 2482? c=2482% A 3103827 ¢ 09,827 + 12 2482
Z4TN o
At 1 i 249.24 827} 1655} —1655} ~h2x 2962 =199
— P P
At2 2402 foaZA?%e 8284 -828Y AtA: 03:827+09:827+ /5%827
AtA: 2482 f3x82.7% 2 O C 1 8x2482 ~) 84964 > +224
At3: 2482 | 4+827}: 82:8 ' =+82-8% A2 : 0-3¢82.70-9v82:7 + -5+827
B o AN T
Atg : 248-2 f :s’~82-7{,= 1653} =+/55»3f' 120 827+ 2w 2482~ 2.4+ 4964 + 1199 -
A R P
Zef/ofci&za'zﬁév%-];: 24—8{: : +z48% At1 : 03827+ 0982 Tt 1 E827
b e N
Af c: 248'2? 6486%50%‘ 745f * D/ r 827 + 27827 + 3x248°2 Py
P
3(965%40; 6%82-7{,-'74% = O ~3x 496 4 - /124
‘ AtB : 03x82.7+ 09827+ /5827
Af Secliorr  A-A c2Tx527 + 275827 + 332827
. s AN
AXIO/ FO}’Ce ’7/2:\/(’(2) L #2482 — FEx 4964 N

Shear Force = 0
<

Eeﬂo//hj Moment 202 24 Mo
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IKX‘

-

-

Lx

15

0

"

l;fx :

"

Lxe

1t

Calculate the second moments of area about the
axis X-X of the sections shown in the diagram.

bd?
N Where b : 50
3 & d : 2oo
S0« 200
= e
: 33"/Oémm4
29’3, where b 400
& & d s /OO
400%1003
1z
33« /Oé '"m‘r'
2 3
BD’ - bd Where = 200
‘2 : LOO
200 x 400" - 170x 300° = /70
'z 2 o ¢ 300
10-67x 10°% - 3-83%10°
G &4 » 10% v *
2
Zf Where D :]OO
£
40 x 10" mm *
4_ )3
' (D d ) 14./}]8:"@ D: lO0
64

7 (/x/og- 0'40963(105)
G4

&
2.89xl0 4

& d: 80
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| A length of 536UBY4 is stacked horizontally LT
| across two other beams which are 4 metres apart. , . -
| Considering the 4-metre length as a simply sup- 4m

ol

| | ported beam, determine e T T T
. (i) the bending moment diagram for the beam; '
(ii) the maximum bending moment present and 3-76 k L

530 mm

its position;
|| (iii) the maximum stress in the upper and lower
flanges, if Iy, for this section is 354 x

. 10° mm*;
(iv) the radius of curvature at the midpoint of the %) PARTIAL FREE-BODY. % —
span. é DIAGRAM A
530 UB 94has a mass of 94 kg per metre and a cross-
section as shown in the diagram. l R i
A Ra

4 UDL9kg/m(~ON/mM) B

£st 2006
ZZ&’ momeanS arga/ resolve /B_gl‘ve \/a/ueS of /.88 /Wf For Ry~ Ry 2

. ] iy
(i) 1 |
A l/“\/'\f/\/\é?/\/‘n-? 4@\‘/\‘5 e e e J=3 ;
] ° 3 e i ° ) il $ ° s i ° ; (n
o047 0.47 047 647 o-47 0‘~47 0-47 o047 -
Rag:188kv| *4 kent ket hw kat kot kst kv Rp: 188k~ I
olregkwm

~ P/ 7625 ket

! |

I TEEE kwren

“

B.Mm. 0
- % BENDING MOMENT.S — Lefl of Seclion kwm
At A : - o
AT : P A AT
Af [ 2 025047 - 0-5x%/-88 : 08225 : +0-822%
s 2 P N T
At 2 047(025+0:75) ~/x1-88 Ny s 14/
AN i —— A
At 3 : 0-47(0-25+ 0-7,5'+/‘25) - /&) 8 . 127628+ 17625
. A e, P k\
At 4 047 (025+075+ 125+ 175) ~221-88 ./ 88 - +/-88
AN i N R AT
At &1 047(025+0.75+1-25 + /75 +2:25) -2 5=/ 88 = /-7625 * */[-7625

AN :
Ar 6 - 0.427(0.25* OS5 +1285 + /785 +2:25 + 2,75) ~3~/-88
2 /-4l =+ l4l -

24 AN ) o
SO 025+ 075+ /28 /75 +2:285 = 2- - 25

7 0 47(025 0075 1251 T8 ¢ 75 +.3
~35x/ 88 2 08225 *+0:8225 -

ALB 0 047 (0250 754 1254 175 228 + 275 +3:25 # 3°75)
o
—dx /88 = O = 0 “

A

(j‘l/ MOA(- BM =+ [ 88 lé/Vm d!L m,(.d/ool'n,r

'l
.



(/1'1'1:} ﬂ . _{_ Where MM =1 88 koten = /- 88%10° Noen
I Y ] s 554 %10° mm®
s59%10° 4
?C . My 10"
I (Im* > 10"
_1-88:10°x 0265% 10" F . Stess - Fa
554 < 10¢ Y 265
. 0-899x10° Pa : O 265 e

or O 899 MPFa

(iv) M _,_é:, Whevre M * )-88x10° Mo
I r I . 554v0°, .

0 7

o -7\4—:7: £« 200x10° Fa

o= Vad;us i
. 200 10%x 554 10°

JO'® % /-88 % /073

589 km

28



17/19
A \/Neightlifter who has just completed his lift holds =
the bar and weights directly above his head. L
Neglecting the mass of the bar, determine the T
distributi f shear f d bendi t c . /.
e o st aoy  ue Re s ]2k |
" end of the bar has its centre of mass at G. What is i
the radius of curvature of the bar at the weight-
lifter’s hands if the bar has a diameter of 36 mm
| and E for the bar material is 200 GPa? ‘ 12kw  12kw -
N q 2k A
) 12ke |, Ode é’z D6 m O-lm L
A? Br c ?D """""
{ o )| m‘ :
| +/-2kw I i
+ 1 -
S.Fo 0
-2 ka4 “,W
*f‘ | 12k
BM. = " .
_}\ Ol hkum o 120 NMem i// '
SHEAR FoRcE. BENDING MOMENT
Lefl of Jeci‘l;:n EA_{ Rt of Secfrbn k/\/ws L
At A : s O At A:01:12+07¢12-0-82)2 : [oamy
: : P P o AN -
/?/fo,f'/?- /2% :-§/~21‘ A{ B: géurg -o-7:0°2 : 072 -0J
i A AT
Leff of B: /-2‘} : */-2? At C 0112 = 02 202
Rt of B: 12} 12} - 0 AtD: . o-
Leftof C:1-2} 1-2} . 0 |
Rt of c : 12} 12} r2}-r2}= 12}
Leftof D < 22y 12} 12 < 1.2} = ~1-2)
Atp: 2y 1zt 12y 12y = o
LM £
(47) }"‘ = }-—- Where M > 120 Me
£ =« 200-10° Fa
s %“ I 1 D 2
64
200 x10°x TTx 0-026 7 = 7/"%0-0364”,4
120 = &4 64

=z /37'4 e o Vad. /;7 7.,
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17/28

A prestressed concrete deck beam for a bridge is
being lifted into position as shown. It has not been
designed to accept a negative bending moment
greater than 7 kNm. If the beam has a mass of
150 kg/m, at what maximum distance x from each
end of the beam can the slings be placed?

Bearr mass - 1500 kg
Beam We;'gl-;f : 15 kw

ond 6/:}—‘3 Tensions will be 75 kn eq.

Moax, /Vg_gaﬁye BM. will sceur al' The
slihjs when the beam Tends Io "‘4703 '

L7 kw

-4

s 75 kw

1

‘ 15 kn

Cross-section
of beam

(=)

Consider the /[efT hand side of Mhe J/fn_g al A

/
| 2 /
J f
[/'\/'\/’\/‘\f_\/\ﬁ

. /_‘il
§
(.‘le-S) kaw

Af A>BM’ : ~.xx/~5“x3c/é

Moax. Aloweble B-

AU x/fK X/Z

S ling
A

7.5 knt

M. = Dknem
= 2
: 2
A

(L e;(f o[ Jecﬂbn)
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A small jib crane in a foundry is designed so that its
beam can swing in a horizontal arc about the pivot , -
at 4. For the position shown, determine :
(i) the reaction at the pin B; in terms of its hori-

zontal and vertical components, and the

tension in the cable CD, given that the total

load on the crane is 1 tonpe and the beam has

a mass of 82kg/m. A B
(ii) the shear force and bending moment présent

in the beam at the section E (midway between

the trolley wheels of the monorail hoist); and -3 l«(—mo
(iii) the maximum stress in the upper and lower

flanges at the section E.
The beam is a 460 UB82; its cross-section is as . —-——- don of
.3 1 H 3 3 ection O
;1’17(})‘7;1111(1;\61;; c‘i‘x'agram and Iyy for this section is 45 m 260 UB 82

460
>

D
3 o 23
\ 7am 30 : —gG )
\
A . g s 0.398 oo
: VR Y ~Tep I3
{117 Q X : 4708 S 30
N > N -
L e : 2399 m N
: A i
NE % Volo 1Y l“’" -
Ofm | Lo 1 369kw tokw
'I 2L sy A
= L2 ,,
(/) ,//0'/(2 momenzi czéouf = :
Top x 2-399 : 3695205 + 10x34 L
Ten : 1748 b~
Resolve verl. Resolve  horiz.
VR + (748 5in 30 : 10+3-69 HRy = /748 cos3o” |
VR, + 495kl . )51 b ——
i 495k ~ &-74 Jew
( / | . 1 (fSo‘nSO.)
< 3 2 £
Ol | ; f.‘,?_@“'ﬂ, l % ; g O dra ‘ s
M:L’l-i 0-82 kw 0-82kw 0-82ks  Skw Skn  0-82kw
ooz |

/IJSU/?’?& /%c wAee,/ C"enfrcs ore ©-2m Ofarf and f/laf
the [0k~ load s e?ua/é/ chiyded , Sk al each wheel
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l

AT 2 (i) (Ccn?‘.)

For S.F al £
Ri of Sechiorn

Rt o[c :

At c: 8-nl

At 20 874} ousat - 857 1

At 3 : 872t ze0eat - 842 |

At4 : 8-t zc0s621 - 8222l

At 5: 872 2v0641 - 8-osal

Kt of §ku : 6-745,%0-/64}/ o082t - 8~o<921
Left of St : 874} 4201621 0082t |5 < 3-002 %
At £ s74t ,8xovedl, Sy - 2~921

Rt of Sty : 8741 | &x0v64 1, 0082 %) st = 238l
Lefl of Shu: 8-74? ,5’{0‘/64§)o,082§ )é"é , 5'} = 2~/62!’
Af 7 ¢ 874? ,sxo—/geﬂ L5t 5y 2. 244%
At 8 : 8'74%, 7r0'/64+ & i/ 51 - 2A408%’

For B.M. al £
Rf of Seclion

A7 C
A i oy Ay

Al 2 - 8m-02 0le4x0y = 1'73/6
At 3: 87v04,0164(0+03): 3-43

e—— s R
Al 4 : 874+06, 0s62(07+03+05) * 570964

o T ST
At s: 87-08, 0169103+ 05+07) 67296

T —y P B o T
At £ 874+« 0164 (01 03+ O-& *0-7~=o~9), Sxol = 783
r—a,

— : A
Al Shy : 874511, 064(02+ O-4+06+ 08+ /), Se02 = 8:/22
|

e _,.———L..,/—“%

Ab 7 874212, 0464 (01+0-3+ 055072094 1:1),570:1, 5%0°3 = 78976
e, Ty

Ry

Lw

s O

.+ 874}
:+8.575{,
: +8-4/12 %
:+8:248 |
:+8-084%
: \45.002;
: +3‘002l
i+ 2.92|
-+2-838)
:~ 21621
~2-244 4
.~2.208]

k Al

Cm———TTR

s O
/—“ﬁn
2+ [ 7316

P
s 3'43
P
z 4 é'.0964 .
e,
e 67296
ey
+7-83
P N
228722
e
78976
T

T
A1 8 : 874414 0162 [0+ 0-3+0:5¢0 7+ 09+ /14 /-3)/.5'*0‘3)-5’x0'f= 7-4324 -+ 74324



/7/é/(i")(60n/:)

& ke S kw g2 |
& o2m 704 fo-:.. EO'Im Dl T 02m 4 02m 3 ©2m 2 ©2m c
4 1
L 0.164. kv | 0164 kn 0164 en 0160 kn | OtGa kn | ©.169 kw 0164 lew h
| | P
. . . +8-576 o
vl IR T 15248 *8 42 o :
g
+2-838 ey +3 -’302
+t b ot ~
S-F o
- } Scale: lmm: O-2km
~2.408
kwn
{
+7- 43
Aadm
) *S‘ng
\ 1303
\‘“’”‘\ ,,,,,,,
4 . -
B.M. o

(f//‘)

S.E of £+ 2.92 knY
B.m. of £ : 7-83 kv c/oc/cw/:’e,
/mm 4 ‘= /Onlzm #

4
I : 37l x10%mm® = 37/=10 m*

Yy - 230*/0.:3»7\
M : 7-83x10° NMm
- 7R

Y = M

S 7

47

37/ /O"é

or 4835 MPn

5C0/€: ! e = O-2 kls/m

-2 ]
B3 10
230 270 x T Pq
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During its_operation the 10-mm wide bandsaw
blade is wrapped around the 400-mm diameter
driving wheel as shown. Given thai the blade
thickness is 1 mm, determine the maximum stress
induced in the blade by this bending operation.
E blade = 200 GPa.

¢ -
\E‘l } 'ff/:'gargﬁaamrn g
i "
f I T« 200 % 1 - 4
' ’ En 12 "/0’2
M.’ t? /VM
£ - 2003109 Fa
v 200:/0'3;«;
j: 0'6’*/0“3m
M o E
I y
M: f_:_,,_z.:
r

5 3 3
200 x 1O« = 4opx] =10
2x 12 = 10'* x 200

e

52-36 Nae

ty

2
52.36<0-5x12%10°
106x 107 x 7T = 490

: 250 MPa
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A rocker arm used in a steam engine has a I-
section whose dimensions ai the section A-4
approximate to those given in the diagram. Deter-
mine the load F at the end of this arm which causes
a maximum tensile stress of 10 MPa to occur at
this section. '

Lan

~[x

i

A4

w

Bp. bd?
2

20xE0° ~ 1240
2

360000 -~ 62000

=1
Y
=

s

« [

T ——

Y

JOx 296 %107
30

: 9866667 Nem

ge

Fr 750

oo

Section ‘AA"

20

60

10

o
-~

i

: A

685778 ~

Seclion AA’




| 17724
| The trailer of a car transporter carries three
| identical cars whose centres of mass are shown at
| G,, G, and G,. Each car has a mass of 1.4 tonnes.
| The mass of each deck is a uniform 100 kg/m. The
| overall length of the upper deck is 10 metres and
;| the lower deck 6 metres.
- Construct diagrams showing the distribution
| of shear force and bending moment in both the
upper and the lower decks of the trailer. Ignore the
mass of the pillars.

Z?P Dﬁf}é_ ~ moss Force /Aéfv/m (Ioka)/om

25 | r2s | 25 | 25 | ¢r2s | 125 | r25
T | N 1 ] =
A! LN 72. 3 :’4 <5 6 =& 7 o5 =8 - 9 2t0 ol e 12 °13 ‘8
N %'fkv TIQ Ly Tha %‘71« T 19 ket %’ Thw
| | l
- -+ 95 ky / +9:5 kw
- 25k 825 kw

i
*15;55‘ Ay 28 kot
a 1] ‘ ]
S.F. o
‘/‘9
- } 325 ke
- 826 ks 3 - 825k
-%
BM, L o

-79 Bearvon 1
N 078 huvos

Kesemny
078 ham

=513 ke 618 knen -@)3 kwee ©=6.73 haten




17/54 (conl.) Top Deck

S.F - Leftl of Secfioﬁ

At A -

Leff of 2: 1-25| S

RFE of 2: 125} »7} 825}

Leff of 4 125} +7| +1-25Y 9-5{'

Rt of 4 125 7,} +;/-25‘} ~/9f = E-Sf

Left of 6: 1-25) +7} + tost -1} w125} g-251

Rt of 6 : rzs)-7} +r25) ~isl «s25} .7} - s251
At 7 resh -7 -rzst -1l «rasla7) s r2s) -0

Lebt of 8: 125 47$ ; /-25{» »19? + 225} +7§ +1-25) +/'25‘§ : /25y ¢
}

-{9% ¢1'25{' #7& + /'254 + /25} *74’

Rt of 8- /~25% +7‘, + 125
: g25 |

Leftof 10: 125 -;~7!, ¢ /.25‘} —-19? «;-/-2.(4 +7!. #1-25'!, */'25¢ .'*7l

+/-254/ - 951
Rf of 1o: /28 +7} + r2s} ~:9f cr25h +7| +102:; +/~25’l +7;..
’ +/~25% —-/9i : 9's‘f
Left of 12 : 125 +7L, +/-25"{ —/gf 41-25'} +7% . /-25} "L"ZS—Jf + 7%
—w-z,s# ~/9f +/'25% : 8~25*r ,

RbEof 12 : 125 +7¢ +/'25%~19§ +/-25‘§ ;«7} +/~25§' #/.251 +7,4
4/~25$ ~/9§ +/-25§ +7§ : /-25‘?

At B : 125 +7L wzd ~19} -&/'25‘4 71 01259 +/-2~511 *74
v/ 257 -/9? +/-25} +7§ - /—25‘% : 0

a

O

2 —-8-25 L




17/24 (Conif) Top Deck

B‘M. - Elg/zf 07( 524:7!?00 ‘ ket m
Al B : . : o)
——— ———,
At 13: 0-.e25:0.312 = 0195 =095
—E ——t e
At 12: 125x0-625 < 0 787 : =078/
—e, P i ——
Af i : 7= 0625 = [ 875« 0-936 = 6/34 : _..6./34
P e P ST
At 10 7aj28 + 2.5x1-25 = 1) 875 c—il 75
] e, B — e AT
Al O : =19x0:628 « 7%/ 875 + 3-125x /563 + 6132 | T 6134
- ~ S /"\\ TR
Al 87 195125+ 7225 + 3751875 = O-787 s ~D7ay
A - T —t, e e e
LAl D Tr0625 ~ 1957875 + 753125 + GI7ER2IERS = 0198 : —0-195
At 7 Tr1285 -~ /9525 + 72375 + Sx25 =0 = O
/4 . R AT s P P ,A/‘\.._
rC 75/-878 = 1953125 + 7x 4375 +5625%2-8125 = 0195 = —~0-105
; e T ——a, e . AT
At 6 : 7:2.5 = 19375 + 7x5 » 6253125 * O 78/ - —078/
s — Sy T
Al 8! 750625 + 7x 3126 ~19%x4.375 + 7x 5625
e, ——tn AT
+6875 % 3438 = 6&°/32 :—~6-134
Al 4 Trr2s + 70275 = [oxs + 7625 + 725« 375
— AT
) = /875 ==/} 875
At 3 “I9x0-625 + 7x/-875 ¢ 7x4-375 ~/Ox 5625+ 7x6-875
) TRy P AT
Py + 81285 x 4062 = 6134 s =6 134
— — . —t
ATZ2: 19525 + 7x2.5 + Trs ~ (91 C-25 + Fn 75
Ty R AT
+ 875 % 4375 = O-78/ : =078/
e e S, o o
/4%/ 7¥0:625 - ]9%/-878 +Tx31285 + Fx 5625 -~ 19x 6875 o
—_ T —,
+7x 828 + 93754688 = O /9% = —~0-/95"

TR e

—R, —, s
VAL A 75125 < [9x 95 ¢ 72375 » T 6.55 - 15x 75

P,

e
+ 7875 + /OxS5 O > o



1%4 (Camf)

BOinM Dec/< ~  mass force IAIV/ - é ke~

Nole :

ck 9 .
down af"/::o/}ofs / e 4 15 cancelled oul 5J é’?ua/
and OPPOJ//La reaclsve :force_s' offered z’)j Jhe

bottorm deck.

Nett r‘eacfu/’ﬁ forces on éoi(me a’eckf |

The mass force of 38 kv (Top Jeek - 2car°s) aclin

ezua/ /O!ovf‘ a/“ each ofloo,rnfs / a4

G
0-5»\! 1128w N 2.8 m [ 1428 0-Sm ] ..
. R 1 : .
A[ s} - 2 3 Ry v 5 . & o v g s G 15
L L
1
7 kn 10 lew
10 kw Tkw- "
= 40,5 kvt
“}
: #O S5k~ -
; -0-5ku

A ~8:25 ken
| 175k

1555 koron




1724 (conl) Bolforn Deck

S.F. - Left of Seclion kv

At A : | * .0
Left of |: 0-5} o
Rtofl: 05})-10l :95‘? | c-9.5)
Left of 3 : 05t 10} <725} - 8.25} . ~8-25|
| REof 3 0.5} —i0) wr25) 27} 125} . ~.25)

At 5: o5t —ol +r.25) +71 wr25} - O . O
Leff of 7: 05} ~10} wr25| +7} r2.5) = 125 : +/-25f
Rt of 7: 057} ~ol rr25) 7} w251 +7} - 8257 . +8.25]

Leftf of 9 05} ~/of u-z:;‘_{, +7{( +2'5% +7# w-zs“% : 9'5} e +9-5%
Pt of 9 05} <10} 125} 7 )25 <7} - 125} —r0}

cos5| - -osy
At B : 0‘5‘} ~of +1.25) +7} v 2.5 ) 7Y 725 ~10l
—,«0-\5“{ = O O
BM. - Rt of Seclion EN
Al B : . O
. A T o,
Al 9 0:8x0-25 = 0725 o =025
- a— T e RS
Al 8 1 ~jox0-625 + 112550563 = 5-6/7 s +5°617
r——, R sl P S
Al 7 <10x1-26 + 17540 875 = 10-97 2 +10-97
s P S P P AT Ry
Al 61 7x0-625 ~10x)- 875 + 2.375 % 1875 = 1[-8555 /1555
e e Py e —
At & : 7125 -10x2.5 + 3415 = /175 | S+l 75
g, o, i A 2
Al 4 1 751875 ~10x 3125 +3-625x1-8125 + /|- 555 24 []-555
A1 3 ¢ 7x 25 -105375 ~4-25x2.125 : jo 97 ' 2 41097
At 2 7 OG28 + 7x3/28 ~/0x 43785 » 4875 24375 : 367 : +5-617
T —n, AT TR e, Y
Al ]: 7x728 + 72375 -/0x5 + £5x 275 = 5.)25 2 =0 /24
AL A ~10<05 + 75175 + 72425 =10« 55"+ 653 = O . O



load

mechanical advantage =
g effort

distance moved by LOAD
% efficiency, n = g}% X llﬂ

PRINCIPLES OF MACHINES

Levers: First Order Levers; Second Order Levers; Third Order Levers. Mechanical Advan-

tage. Equilibrium of Levers. Typical Levers., The Wheel. Efficiency. Pulleys: The Single

Fixed Pulley ; The Single Movable Pulley ; Multiple Movable Pulleys. The Weston Differential g 2 1O m / ¢ %
Pulley Block. Pulleys and Belts. Chain Drives. The Inclined Plane. The Archimedean

Screw. The Worm and Worm Wheel, Screw Threads. The Hydraulic Ram.

18/1

Determine the force, F, in the selector rod when an
effort of 10 N is applied to the gear lever shown.
What is the mechanical advantage?

7;42' momeﬂfs‘ aéou/ = Fr60 « 10300
F: S50Ox

L/E.
50/0 = 5/
18/2

What is the tension, 7, in the handbrake cable

when a force of 50 N is applied to the handle?
What is the mechanical advantage?

M. A.

o

o

50N

ﬂke P20 enls aéoufc.' T-35 ¢« 50 <350
7 S00w~
MA = S =3094, = JO:

18/3
Determine the effort, £, on the clutch pedal shown
needed to obtain a force of 1000 N in the linkage.
What is the velocity ratio?
/ - '
Take momenls aboul A: Fr250 : 1000 20
£ J60~
For 100% Lfficiency  VIR.: M.A.

MA. = b 2 190975,

VR, &25 /f

T

velocity ratio = dis.tance moved by EFFORT




18/4
The pendant brake pedal shown has a force of

150 N applied at an angle of 30°. What i¢ the load L
- in the push-rod? What is the MA of this lever?

X ¢ 300 Sin 607
O {C?/(& Momen/:f déoc/f P
LrSO = /50r 300 < 60

L: 779.-2 &

Effteclive efforl : /50 cas30  : 7299y
MA. = L 77.9-9//29'9 Gl

18/5
Determine the gripping force on the rod if an

effort of 100 N is applied to the handles of the
pliers.

(OnJ/b/er /Zc J/'rzg/e Aoer/eA’a««/ s

Show et .

72%6 w2 o erls aéeDU/ /Aﬁ P””

. FedO & 700 = 100

B o 250
-y 18/6

Whateffort, £, will be needed to support the barrow
— shown?

7 7242 mamen/;—s‘ déou/‘ A
£E5/20 : /6800 <30
£ 2 Lo w

18/7

A crowbar has a mass of 10 kg. What effort will be
required to just support one end of it?

Lel The /enjfé of e bar be 22

| ﬁée mromenls aéouf A
£ = ZE s OO0 - ,f
£ Sow




18/8 % &

500 | 1000

The barrow and its load have their combined '
centre of mass located as shown. Determine the
mechanical advantage of the wheelbarrow as a
lever, and discuss the convenience of the wheel.

772/4@ momen/is‘ oboul ©

£ 1800 - mgxé‘oo Lel it force be mg ~ L
£ = mgs

MA b s e L 30 -

/?O/A,?j 7("'/'67‘/;9!’7 /;g /e_g_s’ ftéal’i 5//Q/lﬂj f/’/},‘f/@é‘?. ;

18/9 :
The windlass has a 200-mm winding drum and
crank handles opérating in a 600-mm diameter
path. Determine the velocity ratio of this machine.
Approximately half of the input effort is used
up overcoming friction, bending the rope around
the drum, and raising the mass of the bucket.
Considering these losses, suggest a suitable bucket
size, if the effort on the handle is not to exceed
160 N.

” VR . D;sfam:'e moved by &

| 300 \ | Distance meved by L el

= ’ 1 ) T * £00

U ’ T = 200

] VR, : 31 o

s0, MA |
100 3 M A - 4/[

MA =15/ /5 L fisn
L 240N~ or 24@ 02[ "‘/a/‘e" ’

/LSSUm/r-zj /f_éj afwa/éf OCCU/D;CJ / bilre , a 24 ////'e AUCAﬁf WOU/C/
be svitable |
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Design a suitablelength, L, of thecrank arm for the
boat trailer winch if the winding drum plus the
cable averages 60 mm diameter and the tension in
the cable does not exceed 1000 N, (Estimate that

7 s 225N
frictional and other losses will use about 10% of ‘ ' ’ \
the input effort.)of 250 ~ ) '

or 250x% |
= 225N
250 -10/4

72;4& moments aboul ©
2285 L

L

1000 « 30
j3.3 ’3 Tee

A




E: 100w

18/11

The efficiency of the boat trailer winch (shown in
Problem 18/10) is found by experiment to be only
40 %,. What length of crank arm is now needed ? Is
this length practicable? What other design modifi-
cations could be made to have a similar effect?

Effeclive eltor/E + 250x40
ﬁée momen?fr oAau/L O e
/00 £ : 100030
A 300 mm
o ﬁ/s /.5 g /;ff/g /0;'73/ Wf// 7@0/ 7%5 fra/'/e/‘ /Dar/‘S/ Cou/o/
' beva/ /Ac /70nc//e Qrre7 efc, Lse jeaf rallfo or reduvce drom

d lam e:f er,

18/12 ]

The windlass shown in Problem 18/9 is updated by Same size Druemg
..... addition of a light nylon cord and ball-race bear- :

ings and achieves an efficiency of 90 %. The crank ViR, = 3:/

now feels far too easy to wind and the effort seems
wasted. What ew combination of drum diameter

f, o and bucket size can you suggest so that the 90/00 : M. % B g&{ﬁﬂmﬁ)

L previous effort on the crank is required?
MA. = 27 :/
MA. = L/

N Zager' Dm dia, : 27 : 4/60

n - MA SR L 432 ~ or 43 /C_g
900 /‘5/!/_«&' Thus a 43 Llre Auc/éef

VIR.: &:3

R VR, . LEfforl dist.

g ' Leoad disl.

S5 . T s 600 D 360 mm

ol 3 m = D

LT e 4 strong-point in the classroom ceiling, a

group is experimenting with a block and taclgle.
The boys are sitting in a “bosun’s chair”and bc?m_g
-1 hauled up and down, when Tom discovers it is
easier to pull himself up, than to pull up Dick, who
has the same mass. Why is it easier?

When The person jn the chaoir raises himself

| | Jhere are & repes Supporﬁn\g The load
(risiead of 3

L Fasier sirce £ - Ye of Joad inslead of Vs of load




el
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Tom has a mass of 50 kg. By pulling the ropewitha
spring balance, Harry discovers that it needs a
force of approximately 60 N to just support Tom
(that is, prevent “overhaul”) and a force of about
170 N to slowly raise him further. If the system has
a velocity ratio of 5: 1, what is its mechanical
advantage? What is its efficiency? How could
this be improved?

MA. 7o raise Tom - 500.//70
294 +/ (3:/)

o MUVGTIEE 60/ |
(/Je /arje’r /Du//zj_r/ bef/er bear/‘nj.fj /@/:i‘é/ rop@&

ty

18/15

Tom and Dick have the same mass, and hold onto
a block each, with the rope stretched out along the
floor. Harry pulls the free end of the rope. Which
boy will slide along the floor? Why? How much
rope will Harry have pulled when that boy has slid
one metre if there is a single and a double sheave
rigged as shown?

E

Lood Load |
(7om) (DM
4 ropes pollimag load £
. /1//)//4 /._.04/79 3 y‘o/pes /ou//l'nﬂ /oad

D AMA - 37
Tors will stide

SFor /aoZ e,ff/'c/ancjv MA. = YR = £/ W
VR _ Disfance rmoved by £ ‘,
LA " Pislance moved [?j ya

L2 ff[o/f FrROye.s 4m

18/16

Your car will not start, and you need to haul it
uphill into the garage, to be repaired. You have a
suitable anchor point in the garage and a block and
tackle with five sheaves. Which block will you
hook onto the car, the three-sheave block, or the
two-sheave block ? Why?

ﬂr/’anﬁemen% @: & ropes ]DU//:‘n\g /Oac/.'. MA - 6} e
Aﬁ‘onjemenf b): 5 ropes po//[nj Joad . NMA. 2 5/ L
. The 3 sheave block _should éeAaffdcﬁeo/ 7o The car
7o ja}n .557/16/ A7 A. (@rrangemenf (a))




18/17

The car engine has a mass of 150 kg and needs to be

lifted out for repair. Your block and tackle has
five sheaves, and is slung from the ridge of the
garage roof. It is about 60 % efficient. Will your

"1 60-kg mass be heavy enough to lift it out alone, or
will it “overhaul” (that is, lift you)?

The 5 sheave block omd Tackle

/s jys/oena/ed wilth 3 sheaves ol /he
With  am €f/}é/éﬂf] of 502 The
"""" etfeclive 1 A. o/ of 87/
3/

Mass Force oF eﬂj/;’ie : /SO0 ~
Mass Force of workes : Goo

A AMA of 3/ prawk/es:
1800 ~ .. h/or'/('er Yoll=¥ /1’[/‘ f/pe Enj/ne

t

"
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Determine the effort required to (a) support;
(b) raise the load of 100 kg if the Weston Differ-
ential rope block shown is only 50 % efficient.

/-?af}o 07[* Large /DU/IQJ . 2

- Small Pu//ej } VB
A Whenn effor] moves 2 lLiks on /a::'ye P'u//c)/ Jhe
vSmall pu//g/ moves ! lizk and lhe Joad /s
- /’c?/fea’ //2 ///hé . ‘
VR 2% or 41 and for SOY effie. MA 2 2:/
(@) L or? s chaim 3 mosl balance Joodl force tr chain /
on_/Jv', Siace 1n Weslorn Diff Sy:?/ém The force im chain 2 (5‘00~)
s su/aporfecf A) limks sm The small pulley

For eguilibcivm L 100 = 50050

L

L = 230w~
MA. - A/[ L ol 2 125w _or more
B 7o raise load : ;
Ma. s 2o MA = S
L. = (000 w /
| L o= 7 E ¢ Tua
-l : 1000/

= 300 VN or more




P"‘Oélem\s‘ 19 8 20 are éxper:'menfa/ cmcf |
Froblem 21 7s o weorked CxaMP/e '   ;
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Fred is carefully reeling in his catch on his 50-mm
diameter reel and the fish continues to pull at
250-N force. If the length of the handle is 100 mm, &
what force must delighted Fred exert to secure . : . =
his catch?

ﬁée mamer’;fs aboul C c 28
250+« 25 - 250~y

250 » 25
/0o

£ = 100

£

LY

\

o0

62-5 w_or grealer ot

18/23
In a test on a lifting machine, it was found that an
effort of 120 N was required to lifta load of 300 kg.
The effort moved through a distance of 10 m while L
the load moved 300 mm. Determine M A /E’
(i) the distance moved by the effort while the load . -
is moving 1 m;
(i1) the work done (output) by the machine while N M
the load is moving 1 m; /120
(iii) the efficiency per cent of the machine when the

load is 300 kg; = 25_ d /

(iv) the effort required to lift the 300 kg load, if the .
Effor? disl.
VIR.

11

machine were perfect.

Load dist.
(/) ;-0/ { Of Loac/ MOvemenf A . 7O x ,'03 13
LHor] rmoves 333 m. 300 w
- 333/
U)  Woeork done : Fxs (i7r) S M. A
: Eflort< V. R, Efliciensy - *1oe
. /120~ 333 : 25';’< 100
103 33-3
: 4ANm - 75Z

('v) For /ooZ e, Mﬁ : VLR = 33-3:1
Z
/i

SO0 x ] O

33-3 =

M. A.

1%

1]

£ 90~
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Fred's D4 Caterpillar tractor (bulldozer) has a
maximum drawbar pull of 150 kN near stalling
point, under full engine power. Fred is about to use
it to remove a stump, and is undecided where he
should attach his cable to the stump in order to get
the maximum bending moment at the base of the
stump. Explain to Fred.where he should attach it,
and why.

When allackhed

When alloched 4 m
Effeclve Horiz. Force -

B.M.

o Attach al

1

-4

/m frOm ﬁrouncl BM = |80 kvvm

fr’om 9raunc/ N
/SO cos 30
/50 cos30 x 4

E7/9 6 kN

Adm Jevel

18/25

A remote lever-actuated electrical circuit breaker
at the top of a pole is shown. Given that the normal
force between the blade and the switch contacts is
100 N, determine the magnitude of the force Fy
that must be applied to the handle when operating
the switch, if the coefficient of static friction present
between the switch contacts and the blade is 0.5.

Fricliorn Force lo be overcome

P o0 O5 <2
: /100 #
-//C;ée; Momenz_f déou/ A

Fr /730 =
Fo -

r

18/26

If a 14-mm steel bar requires a force of 36 kN to
cut it with the bolt-cutters shown, what force
does the operator have to exert on the handles?

100 dooO
SO08 ~

ﬁéé mamenfj aéou'f B
e x 130 = FHX..?QO

Fr

A 30°

] 130

}36 lew % Fh;n_g e
B8

B k:3 A

40 (20 40 oo

%Ae momenfs aéouf/f

Finge x 120 = 36220
Flinge + 12 kn

ﬁ:ée momenfs abouvl B
Fr 8o = /Z2=40
e O 6 Ly
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A setof pulley blocks is used to lift a load of 200 kg. Z_ fodo) d : 20010 w x
(i) If the effort required is 300 N and the velocity -
ratio of the pulley blocks is 8 to 1, what is the = )C)CO ,»f N 300 ~ :

efficiency of the equipment? :
(ii) Explain briefly why the efficiency is less than ‘
100 per cent. n

. 2000 ] '8
a) MAD - L/g ° T 3on &-67: ] 2
. M4 6-67 <100 .
/- 8 = 8337 L

(/// ZOSS@S /7 ﬂ/‘cﬁe‘on) exlensior of ropes, SA.P/DajeefE:,_‘
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A socket spanner is designed for use by a crewman
of a spacecraft where he has no platform against
which to push,

The pin A fitsinto a hole in the spacecraft near
the bolt to be turned. By squeezing the handles of
the tool, the bolt turns. One side of the tool is used
for tightening and the opposite side for looseninga
bolt. The reaction against the pin 4 provides the
“anti-torque” characteristic of the tool.

For a gripping force of P = 30 N, determine

_the torque transmitted to the bolt.

P: 30w

20 40 A foo

Take momenls aboul A l-
F 40 = 30100

Fx rad.

2 30x100 7/0‘:"705 -
<0 _ 30 x/00 x 20
4O = 1000
18/29 = /'5 A/’*‘I

Determine the theoretical torque available to
drive the drill bit with a force of 30 N on the
handle. The pitch circle diameter of the hand wheel
is 90 mm and that of the pinion is 20 mm. The
crank is 90 mm long.

30w F wa
X e
7??‘445 mamerl}; a,éou’il/C :
/Lr 45 . FO0Ox 90 ) { 2]
- S9x90

£S5
Gon

ra becames 714@ Force c/r'/'r/',:zj he /D/‘rn.ar?

- '//foye : Fx ved. ‘ 1"
: 60 x /O
o002

= O-6 Nm




i 18/30
j A garden roller of mass 50 kg is to be moved up the

step. Is it casier to lift it vertically, or to drag it up
- the step using the handle inclined as shown?

, . Force needed 7o //[ZL 7he
b roller = 300 w

Sim @ = 3550

N 9: /138" .
1 Cos 1387 %lse I
VVVVV - Xt 223 mm {
7 (30438 « 43-8° § 500 »
) S = L
- URCER™

Take momenls abool A

Fx 159 = S00x223
A2 TJOI v
] L Lasier To 1t The rolfer

18/31

For a given lifting machine the effort moves 10
times as fast as the load. If an effort of 200 N lifts a
load of 160 kg, find the mechanical advantage and

] the efficiency per cent. l/ R : SO - /

- . A o MA =
| 7~ V&

: 160 <« {0
. 200
& : ,_.% x 100
e, = 8/

\t

80/
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A power operated loading platform for the back of
a truck is shown in the diagram. The position of
the platform is controlled by the hydraulic cylinder
which pulls at C. The links are pivoted to the truck
frame at 4, B.

Determine the force P supplied by the cylinder
in order to support the platform in the position
shown. The mass of the platform and links may be
neglected compared with that of the 200 kg
washing machine on it.

350

Ton @ ¢ —=5
: 07777

& : 37-87°
Take momenls. oboul x
5@ = 2-5?531.!1 3787 = - 45@1 2

FE = 2
28 S 37-87°

Fac
/?esc)/ve boviz .
P : fac cos 37-87"

4.5"1;2 x COos 37.87°
25 sin 3787

T 02 ES
15 - 3468

2]

463 kwn

18/33

What load may be lifted by an effort of 40 N
applied to a lifting machine, if the velocity ratio is
80, and the efficiency is 60 per cent?

N AR

MA. = VR

60 x SO
100

: 48/

200, 250

200 2850
.g
|
Q
%
2k | sy | aso
! |
AMA. - L/E | (
L = 48+ 40

\N

/1920 ~
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!
|
i

M
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i An electric motor drives a steel shaft by means of a

belt drive. The pulley fitted to the motor shaft is Driver
100 mm diameter, while the one fitted to the driven
shaft is 200 mm diameter. Ifitisassumed that there
is no belt slip and the speed of the electric motor is
1450 revolutions per minute, determine

(i) the linear speed of the belt;

(ii) the angular speed of the driven shaft.

Driver

D x /45D
() Drslance lravelle d é}/ belt i / minole - n

100D

T =100 x /450
™ /s

or”
1000 x 60O

or) Revs. of Driver Pu//ey . /oo
Revs. of Drvier pu//ej £00

. /Z\>er.5_ o;f Driver PU//Z)/ . /002;;45'0

= 725 R.PM.

. 27T = 725
- ar’
/ - G rac//s

: 759 /*aok/_a

18/35 Compound idler Driven gear
For the compound gear train shown in the diagram 90 teeth 120 teeth
determine the speed of the driven gear and the
overall velocity ratio.

Revs. of 20 looth idles _ JO ' Driver #
Kevs. of 30 foolk driver 90 20 teetn

L /O//er’ f't;VO/Ve.S‘ C{f .g_.qx/a?OO 30 teeth
O

. 400 RPM

The 30 Joolth wheel also revolves ol 400 R.EPAM.
/\Dé‘gj/‘s, of 120 700ttt Drryverr Gear 30

/?e;/.s, of 3o 750/,4 wheel T I20
o Kevs. of Driver (GGear : 3012X0400 . JOO FFPM
VIR, - Inverse ra/ib of Circomferences
90 = 120

by

30 ¢ 30 = lz-°/




18/36

A {'ope pulley block and tackle has a velocity fatio
of 5 : 1. When lifting a load of 200 kg its efficiency . o
is 80 per cent. What effort would be necessary to . L
lift the 200-kg load?

B M /V MA = £ 1
7 - VR
MA - BoxS £ Lgia i
HO0
- 200<10
- L o Z .
18/37 —_—

A crawler tractor with a dozing blade (a bulldozer)
is pushing a mound of earth with a force of 100 kN,
(i) Determine the force in each of the pair of
hydraulic piston rods which hold the blade in
position,
(i) Is it a tensile force or a compressive force?
(iii) What is the pressure in the hydraulic lines, if
each cylinder has a cross-sectional area of

8000 mm??
() Kesolve Forces horrz.
Fcos 60° = 100 cos30° 30 o“'x
Fi 1722 b 150! i >
or 866 kv each side A %0

(i) The 100 kv force produces o lensile foree 75«;%/;
Jhe /D;n ol A on The f/&forz rod

EE-6 <« /000
(//.// /D/ezs;c//e R
' Soo0
- /108 AP Pn
18/38

The trailer plus load has a mass of 1 tonne and is
equipped with two jacking cams. By lowering the
cams and reversing the trailer the load can be
removed from the wheels. What minimum hori-
zontal force F must be exerted on the drawbar in
order to just lift the loaded trailer off its wheels?

For efw'/xén'un// e 3 forces musl be

Cor? Cz/r'rf/?/
Kesolve verl . Kesolve Foriz.
Rcos 25°: /O e Rsin &5
L

K= 1034 4v s 466 kw
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A crawler tractor with a single ripper attached is
excavating a building site. When removing a large '
rock, the tine point of the ripperisacted uponbya , 0 Hcfﬁs?églrc
force having vertical and horizontal components
20 kN and 50 kN. Determine the forces present in
—1  the hydraulic cylinder and in the top and bottom
links for this system of loading.

J——

/?éfs'a/x/é Ver],L
Fr s 30 = Fp 54730
Resolve horiz.
Frcos 30"~ Fy cos 30" — £z = =50 -~ - -- ® A
Take moments abool A

FRxdC = 50720 + O ==~=-- o o= ©)

Simplitying (0, @ &

O-3F ~o05F =20

220

O-866 Fr ~0-866 Fg ~ Fe : ~50 \

- 180-5" Fg = 36000 20 kv
L FB /188 -98 kv

Subsl in (1) Fr o+ 228-98 kw

Svbst in (@) Fe : 8463 kw

ny /'rzusjoecfl.oﬂ Lok fp rs I ﬁnszbn, Sk A Js 19 KOmprcsjzbn

ae

and /o/sfory rod Fo is in Tensiore.

i 350 !

18/40
A screwjack has a screw with a pitch of 5 mm and
is operated by a tommy bar of 350 mim ineffective
radius.

(i) What is the velocity ratio?

(ii) If the efficiency is 50 per cent, what is the effort

required to lift 1 tonne?

(iil) What is the mechanical advantage?

o (/} L/R ] _9157" Max/e,o( b){ L
2IT = 350

' = r) )7; MAK/R
: 2398/ ‘

N 2 S —
-
L
X

50 . MA L MAz220:

;OO L4 0
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A /hand winch has the dimensions shown in the
diagram. It is 60 % efficient. Determine the tension, $30
T, in the cable when there is a force of 100 N on the

handle.

N 4

Dish moved éj £ in drey of ¢IO wheel = 2m-20 $

/rev of g10 wheel prodvces [5rec. of ﬁ30: 7T:330 S

% rev of di0 s Yy revi of @ro.
7T x
Disl mioved Aj v (7') 2 220 .

3
Effort Disl 7203 o,
VIR. = - 2 :
: Load st TTx 20
AM.A. | )
. MA. -
/v 73
éO X é L . 3é * (0O
MA. (0O

18/42

Fred has his first car accident and has to have his
car towed away. The tow-truck driver’s hands on
the winch handle travel 40 m while he is winding up
the crane cable and raising the car 500 mm: Of the
work done, 359 is wasted due to friction. The
crane cable is supporting a load of 0.7 tonne. What
is the force exerted by the tow-truck driver’s hand ?

4O looo
Soo

L
e
= 80 [/ .

. MA £ -

7 R A
MA - &S 80 . 700 x 10
’ ' (OO 52

= 527/ - /35w

ViR

Lol rfzc/. ol fess tham /35w




-‘“[011\5‘/‘46/‘ force F a/o/o/zéo/ 7o
balf of 7he Wecére:

18/43 :

A row of wedges is used to splita hardwood log. If
the coeflicient of friction between wood and wedge
is 0.15, calculate the maximum included angle 8
for which the wedges are self-locking in the log.

7%2!’6 are 2 Q/O/O/OC?C/Le.s Jo 7%/5 /Dfoéjem, C/epenc/—
’/‘/73 o The /h/ér/orzfaﬁbn 07("7%6 Jerrr
" self- /ock)nj ’
i /'/ EAns 7%6 wec\@e will remiaors f‘/ffmjy
JOmmeC/ /r 7%6 /\0}7 (//70/6/ f/'fs Ow'r7 ‘//8‘/‘54/[‘ fofc*'e.

Resolve forces L to slope.
Ru : mg coso(,
/?csﬂ/re 7€7/Cas / fo 5/0/06.
77g Sum X = LA,
% Sl O fS x %cqsoc.

‘5;,704 L& 0'/¢j" = fé/’?oc
case<

K 3B353° o © - /To05

£. /4 wiore /h/{éresﬁ};j /H/écpfc,/tg/fran af J‘@//— /054/}752 )

Cou/o/ bé 7%@ a/zje where 7%& weof?c': COnna/ be

S driverss e The /Oj , 7O wmaller whal Force rs O/O/D//éd

Kesolve forces L fo The We:c/je
Ry : Fsimet /
Kesolve Forces //70 The Wea/je T
F'Cojo{ : %a’z/?fv
/%/caso( E /&{xﬁ\/‘f/}?o{

COSL < o/S5 2
vl Col ol

el 815 er © - /63 °
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18/44 .

In the car-jack shown in the diagram, the bevel
gears have a velocity ratio of 3 : 1 and the screw
thread hasa pitch of 7 mm. Its efficiency is found to
be 209%,. Find the approximate effort required to
raise a 500-kg load. ‘

Effor/ _D/S/J_ /'/7 //"'e;/_ = 7-(-" 300
71 x 30D

S Z;)r:?e Aere,/ﬁear s/ =

and w//yv o P/‘fcfv of Z;«m Load disl. :\ 7/5 N

N = 300x3 :
VR, 0 | 1.

1\

= 403-9 : |

. 20x LO3-9 . S00ss0
M. A, — £ L

- 808 -/

AL}

&/ 88 w

Boom 12 tonnes -

18/45
The main features of a travelling luffing crane are 6m
shown in the diagram. The distances AC, AD and
CD are each 5 metres. The position of the boom is
controlled by the winch at C winding a greasy wire A c \G
rope which operates through a series of pulleys, 4
providing a velocity ratio of 12 : 1. The winding Winch house
system is 80 9 efficient. The centre of mass of the (100 tonnes)
100-tonne turntable and winchhouse is near the i
al

\sfvyxlr;cri;r;%rflcx;ulm below the point C and the gantry 1s " OGtonr:;ye N 120 ku
Determine the tension in the-cable at the
winding drum and the force on the wheels near the
edge of the wharf when the 20-tonne load is being
raised at uniform velocity. n—-
R f Rr

Take miomenls aboul D 1000 ky 300kn
7 Ssl‘n‘so’ = 1206 * 20020

v 720423;000 ? . MAK/R‘

/OO0 L MA. - EO0x12 29.6:/
| o oo |

Load
(20 tonnes)

i

=z

Wit a MA. 07/.9-6-'/, /kfua/ 7 : /296 : /3-8 /<_A/ =

'ﬂ}‘/ce. 177 O 6/2/5 aboul Ao |
B Rz = /00O /-5 +» 3004 + 120 x /2.5 + 200x 265
Rp: 11875 ko -
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An automobile front-wheel assembly supports
250 kg. Determine the force exerted by the spring
and the shear force in the swivel pins at 4 and B.

!/ 300 / |
A === —=
Fap IEQD =
N
Q 2.5 kN
VRa J
B . HRg 8
Q ~
E_L_ /L ~{ HRe
300 joo | 780
l o I -
5 Fs % VR f
Considler [he forces acling or 2-5 kni

member CD and he wheel
me szomernls abool C

S5 ISO = Fapx 250 o Fap o /S hew

Hesole boriz HR. : Fap = /5 L
Fesplve verl  VRe = 25 /u/*

Member AD /s camjpreﬁsxbn aond exerls o
R S—
sShear force om Piri A of (5 bw

: HRe % VRe
Cornsi: (,‘)_/ef' ?F.; é?‘f ku
member BC and 5Pr}n9 ———
' C Sk
Take morments aboul B ,

Fs5x300 : 2.5x 400 + /.5, 50
fs 2 3.58 k/yt

Resa/ve .éor’/'z i /L/RB : [ S8 ke
Hesoly e very VRg + 225 : 3.5
2//?5 2 /08 bew é‘

Resolf af B = /5% /08" Tan o s 105~
/-85 kL~ L o7

o - 35 75°
CSE o B B s /B85 hy 35725°




18/47

The device shown is commonly used on yachts,
and grips a rope (a line) under tension because of
the very large friction forces developed. Given that
the rope has a 5-kN force in it and the coefficient of
friction present is 0.4, determine the total shear
force acting on the swivel pin at 4 for the position

shown.

Tarr ©

5/!‘78 B 9C/50

s » 50x0-2334 L\/
|

‘5o

024

te

Sl

s

e /349‘5‘7"

- //67mm

Take momenls aboul B
S F g =167 ¢ 285« 30

A

1"

1.
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