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3.3, Theorems of Pappus - Guldinus,

= - - P 3 - ) \
The theorems of Pappus - ( yuldinus were first set forth by Pappu about 300 A.D and then
the swiss mathematician Guldinus about 1640. These theorems offer a simple

restated by
1€ the area of surface of revolution and the volume of bodies of revolution.

way for computiz




Theorem 1.

The area of surface generated by revolving
the plane of the curve is equal to the product of le e
the centroid of the curve while the surface 1s being generatec

Proof.

rve about a non-i ntersecting g

aplanecu L)
{ the distance travelled)

f length of curve and

F!g. 163

Consider an element of length dL. of the curve of |

ength L whie o _ =
The area generated by the element ich is revolved shout th ’

15-equal to 25

ny dL., where ¥ 15 the Ijlim o s
rom x axg erefore the iled :
5. Th h enlire area Eenerated b |
I o Y the CHTTIE,A'«

=2xf(ydl) = 231

27 v 15 the distance travelled b
b Y the centrogd of
Curve of lcngﬁ =
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Fig, 3 64
i -'ﬂ\“b an -_-'ll'vl"l'lq_-r'll '-1 J"l. ol ||'||,- nren A Wi || 15 Tevily n |
» TEVOIvED about th

1 — - % b
gt by the element dA in one revolution is . qual 10 2 7 vdA

volume generaled by A, \ | IAaydA =2¢ [ ydA

2eyA . Where 2y 15 the distance travelled by the centroid of )

Exsmple 3.28.

Ot the expression for the area of surface generated by rotation of a horizonta
g dance ¢ from the line

ot

St ofline = I distance of centroid of line from the axis of rotation, r. Distance s elled
%G one revolution is 2y = 211 [ G
Satface arey peneraled =Lx2nr |

= 2x rxL







x2.78 cm. Ao about Yaxiyjg

ea of surface -~ -
82271 o 3

pistance of centroid from x axis _
o axis y - Yl byl 4y
L| + L'I _|_ 'L} -

= 2184 1Bx9 4 30458
47.1
= 10,72 cm

pistance travelled by centroid in one revolution about X axis
. X1515 27 = 10.72em
Area of surface generated = 47.1 x 2x x 10.72 = 3172 46 :
i = 0 ':mr
Example 3.32

Obtain an expression for the volume of body generated by revolution of a rectagul
; : E ) a rectagular
area. The side L ol the rectangle is in tough with the axis of rotation and the other ﬁidegm of

lengthT.

i ) eyl
Areaof rectangle = L x r. Distance ol ceniroid from the axis , ¥ = ,;.IJ:smnuctraw‘tl-:dhy

e e r : | -
the centroid in one revolution is 2y = 2 — =T, Volume of body generated = Lix [ 7r=

L,

Example 3.33

nerated by revolution of 2 semmicircular

Obtain an expression for the volume of body g€
088 when its base is in a touch with the axis of rotation:
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_— Centroidal axes

Fig. 3.74

14 Radius of gyration of an area.

Consder an arca A which has a moment of inertia | with respect to a reference axisAB
L g sssume that this arca 1s compressed 1o a thin strip parallel to the axis AB. For tis

=y W hese the same moment of inertia 1, with respect to the same reference axis A

L T
w bR
1

\!\ ri- S
XA

mp should be placed at a distance k from the axis AB such that |
wled madius of gymtion of the arca with respect to the given axis AR







ik I'i"”': Byl I

b samtes. that, 1 ki 18 the moment of et of a plane ln

- m Ll MINa of ares A
anc ol |h' E'qn’ | e - 1 T i
ot e the Dis L L nng, then tl L IMOTment ol IneErha aboul ans - AT

,‘ﬂ‘l‘.'"‘l o the centroidal axis and at a distance ‘h' from the

centroidal axis s syven b

l,=Ic+Ah
Connder an clemental arca dA at a distance y from the centroidal axis. The first mom
Sl ares sibout the axis AB as shown in Fig.3.77 is dA (v + h). Second moment

Semeninl area about the axis AB 15 dA (y + h)*, The second moment of the area about the

Mhﬂn[d-ﬁi) + hY

| Jd:\l)' i by’ jn!.-tna' ¥ h™ + 2hyd
A

J.‘l':llf"t L j'Il dA J hvdA

lis 4 II'-Jd*"a [ .Thj y dA 6w WA+ XN LAY)

I“ s+ Al

i = 0, bocause i is the distance of gentrond Ui 1 ot Uhe axas Trom whie
"".j;n‘, 1 masured from the contrombal sxis el

h v is measwed. In
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T =280

@bﬂderan element ufthmknm ﬂ::!a e
Area of the element dA = d,. dx_ Tl
|| ﬁacunB'MMI of this elemental areq. e
dl,=xdAa| s
=x* dy dx

2 d f b | I —_h "] t b+ ||
3 2 2 |
TI
e Fig. 380
Sl 8 8
d b "j_h
3 4 12
/ db’
| lyy = ]_1
. centroidal axis = = = length of
Moment of inertia of a rectangular lamina ahout 115 centr 12

Side paralle] 1o the axis x length of other side )







Again using parallel axis theorem,
L, =16+ Ah?

BH® 1 HG
= --jﬁ—+5xl].;};!‘?]_

BH" | BH’
S0 18

",

5 E I -_'l I'|I

BH'
}‘)

Fx

Moment of inertia of a triangular lamina about 11s base 15
Moment of inertia of a triangular lamina aboul the centroidal axis, parallel to the base 1s

35

| - ertex and parallel to the
Moment of inertia ofa triangular lamina about an axis through the vertex and paralic

base js BH'

i, 4
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I I”“‘””” tdr diy
- - :

J' Ir “um:dr di) \

4
R 4
= J-sln'ﬂdﬂ
0
L] - \
RTI‘I ~ Cos2 ”;du Fig.3.83
] L
4 olis VB
sin 20
,E_. =2
4x=2 | - ()




Using parallel axis theorem.

|, =la+ AN
IF‘:.| "_IJ,;I, -.‘ih'
.HR:_ﬁR:h:jii'
TR . In
II:R4 RJ < &
R 91
-|n 8
a 8 ‘?nl

Moment of inértia of Semiciren]

ar lamina about jts centroidal axis, p:
0:11 R?

arallel to the base§)

e —H—-x_‘_‘_‘_‘_‘_-__

Moment of inertia sbout the centroidal axis, Perpendicular 1o the hase
B 1%

Consider an elementa) ared as shown ip Fig 3,83
Areaof the element, dA =rdpgr
A =rcosf
Second moment of elementa| area abgt YY axis d]
e Yy X d.'\l.
TR
Sl e =
Y=[ ©050)2 1 4g .

0o




Mnmnt/ef-mema of a semicircular lamina about the centrondal axis. perpendicular to the
L ar

(laR* | peITSe T

Example 3.39

Determine the moment of mertia of one quarer of a circle about s centroidal axes:
Consider an elemental area as shown in Fig.3.84. Area of the clement, dA =rd 0 dr
y=r&m H

Second moment of clemental area about the axis OA,

L”. —— i- f".:l'l'"l'"

— |

R
[u_:-;mi.ifnih dr
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sin” 0 db
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|
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1 ] !
+~"-“:-"'H'-r1h\h‘ \

— B8 cm’ |

|. L', = (1G] + AX=) Scm | J3;
I + (1 o - U s |
|
_—1_1. 2 g + ) 5
12
b o
II --,1.1_:3.; Rx 2 +16x1) :ﬂ“\ G, \
-j._ 10em x
= HikE cm | ——— _—_.__—-j

Fig.3.86

Example 3.41
of 250 mmx 20 mmabout its

Find the moment of inertia O
centroidal axes

‘an unequal angle ron section

Solution.
A =125x 20 2500 mm” . As = 230 x 20 = 4600 mm”
125
== = £2.5 mm




' 4
y ﬁﬁg{t 1%\,; 125 % 37 = 83333.33

16, = X zb‘ % 125" = 325520833 mm"

I6,y =\ x 230 % 207 = 153333.33 mm",
12«

o, = L™ A:hlz} St A:'h::

h, =GG, =y-y, =91-10 = 81 mm

hy =GG, =¥, =y =135-9] = 4 mm

]
L o 120x230° = 20278333.3 mm

Sl |
— 20—
T
70
Cis
=
= A4 -
:1
-
|
ol
1258 mm
|y a2
)
|'];_J ] 48

16, = (8333333 + 2500 x 81°) + (2027833333 + 4600 » 447)

=16485833.33 4 29183933 33

= 45669766.66 mm"*
By
B, is the horizontal distance GG ang h,

1S the honizonta) distance G GG

20




20

Fig. 389
=AY ALY, 2000 x 50 4+ 1600 x 110 z
/'.— A, + A, (2000 + 1600) Y
v . Fig-3.90
= 76,67 mm

Moment of inertia of section (1) about its own honizontal centroidal axis 18 16,

20 x Jtmi

I‘Eu::ﬂ: - 12
>

= | 66666667 mm

Moment of inertia of section { 2 about its own horizantal centroidal axis s

80 x 20’

12

- i
— £§3333.313'mm

Ifl\\. _H'll ¥ ".‘i_hl. )T ”I"Z*" r:'Lh-‘:l

b and h, are the vertical distances of G, and G, from G

L 8

_ I
i, =y —y; = 7667—=230=20.8

B =N, — ¥ = 110 = 16.67 =33.33

o eanad A2 IO RIS
lG.. = 1666666.67 + (2000 26.67%)+53333.33 (1
XX

— 492« 10" mm*




X and YY axes.

it v ..meanm‘{[ﬂl X
: loe—= 'ﬁw t I, vy TG

nd G are on the same Y — Y axis,

m7
: " ...ﬂlh’:‘] + (o, FAh?) + (I xx +A h?7) :
., b, and b, are the vertical distance GG, GG, and GG . |
52 180 mm
16y, =16, = 112 <120 % 10° = 10000 mm’ l
.
lJ'@iu= = %10 x 180° = 4860000 mm"* . —_!mm |

— ———
120 mm -_I

lﬁxbf{]ﬂﬂu[l + 1200 % 95%) x 2 4 (4860000 + 180 « 10

R = (1)
mate solution (o g
%ﬁguhlﬁ 6, (for symmetrical [ section),

16, =1a,,, - @m fo,,,

=I’3rx,r2 }%



Solution.
a.= 130 % 20 = 2600 tan?

i+ 300 x 20 = 6000 mm?
130« 20 = 2600 mm*

2

a =
.x|=35mm. X, = 10mm, x;, =85mm )
y, = (40 mm, y, = 0. y, = 140 mm E
=
~ A X, +8:X; + 23Xy
S a, +a,; +a,
2600 = 85 + 6000 x 10 + 2600 "E
== 2600 + 6000 + 2600
=44.82] mm
+A B2+ (layy +A B (165 + Ay D)

lﬁw = (I1G,yy

.20 1307 +130% 20« 40.179° 4 73 %

B = 130+ 20 = 150 mm

D =300 mm

Fig. 3104

l 300 ZUE+lﬂx]ﬂDxl34.E'l'l'l'1‘
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Example 345 n
Find the moment of inertia of the cross-section of an iron beam as shown in Fig 3§
with respect to the centroidal axes,
12ecm
£ ]
AD
H
£
g
e
Fig 3.96 Y

Fig. 397

Since G, G, G, and G are on the same honzontal XX axis

'Iﬁxx.'z mi‘n-‘:l“:xa; = ]“m:

=16,5-2 165

:{E-E'Kﬁu x l.ﬁ:’ =2 % -I_Ei
e 128




1 . _ o
=13 X5 12Y —2 [0y WX 450 o
£ il 2 (=

1
e k]
= X 15% 127 - Z[i}.llx 4.5 +-—___"“‘;‘51 xI(6- 21X 83

_calcu‘iale the moment of inertia of the shaded area, as shown in Fi ' ;
1o the centroidal axes. n Fig. 3.98, with respect
R

Solution

= 6% 107 x6x 10° = 36 = 10° mm®

= 100552 cm*
Example 3.46

% 3% 10 % 3 x 10° = 4.5 = 10° mm’

< 3000 + 1000 = 3 x 10" mm

¥
| Vo

;1=3xlﬂ"mm. X, =

tooo| 3000 II mnnj

: « 3000 + 2000

=
|

y =3x 10" mm.  ¥> =

=3 10 mm

2] A%, — 85X,
@:,L__.—'-; = | 0 mm

a, — 8,

III F F " o
Since G, GG, and G are on the same XX aXis,

_36x10° x 3x10° — 45 10° x 3 x10°

! 36 % 10° — 4.5 x 10°




. r...._ .“
- im, ,.

,%f




h=4-2635 = 1165

_ (10 x (8.66)° 1 Fig. 3101
_T+2H_“5”35’5:[ﬂz' 4
2 1 252)

1
‘ _lﬁxlx43+1x4k{l,3ﬁﬁ-)l]_

=(180.406+2.749) - (10.667 + 16.906)
= 157.582 cm*
=({IG,yy T A1) = (16,4 + AhF)

G

Since Ah® =Ah° =0

=G, =10,
Sesesiel 1,05
36 2
l6,, =157.582 em* = 240.556 - 2.667
I L -
| I6,, =237.889 cm' =237.889 cm’
Example 3.48

Caleulate the moment of inertia of the shaded area, as shown in Fig. 3.102, with respect
lothe centroidal axes.

x 60 x 80 = 2400 cmr

o | —







. ... .
::; x 15+ 5 =10
. Wy R
S =8y |
_ 900 x 20 - 225 x 20 |
900 — 225 20cm

B, v = -4

L Al Nt 0 900 x 10 - 225 « 10

}l’:

since G, G, and G are on the same XX axis

Iﬁ-xx = mlrﬂt A l‘}:.\:x

fecsnt 3015

1}

36 36 X
— 42187.5¢cm’
Since G, G, and G are on the same Y'Y axis, Y

= —10 Fig. 3.
I6., = 1G,yy — 1Gyy ig. 3.103

30 x 60° 15 x 30°
= — — 168750 cm®

36 ih
Example 3.50
Find the moment of inertia of the

Consider an elemental strip of thickness dx

shaded area shown in Fig 3.106 about X and Y axes.

at a distance x from the Y axis, Moment of

dxxy’ :
(about OX) 18 ~—-3—L [M.Lofa rectangle of

inertia of this elemental strip about its base
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3.10. Forces in space .
When all the forces acting on a body lie in a single plane, the forces are called cuplamg

forces. Coplanar forces may be concurrent, non-concurrent, or parallel. When the forees
acting on a body lie in different planes or when forces acting at a point in space are i
different planes, the force system is said to be forces in space. Forces in space may alsobe
parallel, concurrent or non-concurrent

m{._;ml:;a ﬁfm:“F ;l::ll;jgg at the origin O of the system of rectangular co-ordinates X,¥
~and Z as shown in Fig 3.108. Tl : : i
and Z axes d ﬂlcgdiracﬁnn ﬂ‘;:‘;ﬁ;ﬂ 0, 0, and 0. that the force F makes with the X, ¥

and Z axes define Obthe force F, The tomponents of the force F along the X.¥{

and Z directions are given by,




S

/‘fll
2/

The direction of force F acting at the origin of the system of co-ordinates can be specified
by specifying a second point A on the line of action of force F which is at a distance r from
19. The co-ordinates of Aare x, y and 2,

Fig 3.108

the origin as shown in Fig. 3.1(
QA =0C* +CA*
_OB? + BC® +CA’
=x? + 2t 4 '_-,'J

rE:I‘i:l-l-}'.‘I .ﬂ-;







ith respect 1o the origin O, § = xj 4 yj4 A e _

xi+ yi+zk J s

..- J_i -{—'}" +Z Ifﬁ{x.\. :’r.u }ﬂ'ﬂdeLn.? zl}mm“[ﬁiﬂﬁh o .

o positic f point B with res TR
IL-@ on vector o PECLI0 A 18 (X — %N Tl o NIE ) P B
'.m,mple 351 (KTU May 2017y B Xa) 14 (g Ya)) +lzg-20k

A force acts at the ongin of a co-ordinate system in a direction defined by the anele @,

- i 1 ;- ’, ‘

_ 93¢, 0.= 57.9°. Knowing that the Y component of the force is -1 74N, determine (1) the
mgle @ and (ii) the other components and the magnitude of the force. .

Solution, Given 0,=69.3%,8 =57.9°, F =-174N

Tocalculate 8, F,.F, and F
cos'B cos’'0 + cos'H = |
c0s°69.3+ cos'0 + cos319= |
cos8 = 0.5931

-

cos@ =0.11

A= 39.65 or 140.35

ich 15 a positive value. Therefore

¥ chﬁ — _174. F is the magnitude ol the Torce wh
mﬂyshnuld be negative. Hence U, 140.35¢
[ 174 _ 27508N
Magnitude of force F = e .

1< OR % cosb93 = T9.88N

£ Q= I.:”H

2 b 1 O « l_‘l.'h-‘







. b—. _.
M= 3‘—6.1 3k (=2=0)]

Aforce F= 2"" 4] _3klsapphcdata
£ abo! the point B (2,— 1,2 point A (1,1, -2 ). Find the moment- ‘ofthe force

L“ ‘*p,“ iz -*'I](

={(1-2)i + (=1 =(=1)j+2=2k
i +21 4% F=2i+4j-3k
Moment M =1 = |
l i k | Al1)-2)
=1-1 2 —-¥| B(E-12)
2.4 =3 Fig. 3.113
2x2]

=iRx(-3) —4x( H+j (=9 (- 3)x (= D] Fk [(= 1)x4
=10i-11j- 8K

Example 3.54
Aforce of magnitude 44 N acts through the point A (4,-1,7)
= e about the point B (1, -3,2)

9346 - 2k. Find the moment of the force &

in the direction of vector




F= 3ﬁl4'24j"‘3h' :
espect 10 the po!

Rl 2) ki

ni B,
The position vector 1 of the point AWith

< r:{4—1}i+t—1 -
=1 1-1j +5k
fis o3 k¥
M=rxF=|3 2 3
16 24 _3|

08~ i[5 36 I (BN T [ x 28 =25 ok
= _ 1361+ jﬂ-ij F k. |
M= 136 +204]
Exsmple 3.55

Find the moment about C (- 2,3,5) of the force F=41+4 ) - 1k passing through the poiniss
Al 24 )yand B 5 2.3

Solulinn

Moment of foree about © =1 x F, where ris the position vector of any point on the foree
yeetor F with respect to the point O, It can be proved tha L x F=r = F

F=4i+4j- Ik
i
=== i+(-2 3)7+(4- 5) k C(=2,3.9)

551k TR

\

|1'i|.-|

xF=3 _2 _4 \/
frd ' / B(5.2,3)

g G T R B
J+ (1242 )
=Bl iy 0) k A(l,-2.4)

Fig.3.115
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Fig 44 B,
IIFFI:II.J L ™
1 il 3 al | Viagaaiar 1O
Mo
1
bt |
[
Ve ot |
[ | "
(1 | B [EL SN |
11 |
-[_'_‘.mpll.“ A.56
A foree of 60 KN passes o poimt A W
fiarce about o proant Ly i1 el BT
Llution
"il‘ ‘I LY ¥
*n flia Yu 4] .
X, . v, oo '.
position vector of line AB = (7-0)1 + (0-2) 1+ (5-3))
Fi=d]+2K
7i-2)+ 2k
Unit vector along AB ."7‘ ot 0.93i — 0,264 + 0 26
b A .

Force vector along AB, F = 60(0.931 — 0.26] + 0.26k)

= 558i-156]+156k
Position vector of CB = (7 ~TNi+(0-4))+(5-3)K
=0i-4j+2k
| i | k
Moment of force about C, Mc=FxF ‘ o 4 2
Rt 156 154

- I.'* 1<|ti | 3 i“t"i'l l-g -, :;"I'I i .:‘- "

31.2%% 11101 1232k
Magnitude of moment M J'n 220 4 11167 Ik B

251 49 kNm







-

Fi=

Fid 4 Fij 4 File

?:: =Fui . Flﬂ +Fusk

§1 = F1l_i + F,?j = FH'E

Resultant of these forces,

R=F+F:4F

R=R 1+R,j +R_K
=Fui + Figg + Fk + Fasi + Fugj 4+ Fuk + Fosi 4 Fuj+ Fuk
= (Fux 4 Fax 4 Fu)i 4 (Fiy + Fiy + Fiy) j+ (Fis 4 Faa+ Bk

= Y Fu+4 E]'!__l 4-YF:k

R, =XF,
|
R, =%F
R, =2I

— e

B =L ” = — 5 i' .
y -— -G0S 1 : R
I ‘x R ; COs ¥ I







Twa cables AB and AC are antached m Aas shown in Fig 3.117. o . :*-.'.*i-; .
of the forces exerted at A by the two cables, if the tension is 2000 N in the cable AB and
?-_rl';:.'“ N ‘|,n t.hﬁ uﬂblﬂ AC e

.:'rn . [AIHL.
“he coordinates of A, B and C are,
i A (520,00,

Bi0.50.40) and C (0. 62. -50)

1 =
X, =50, y, =0, 2, =9
Ny ™ U, ¥y 50, Ty + 40
1 0,¥, h:h.r‘ 50
I
IIL J l.'“r- %a \¥s ¥a) Ly “"
| _ J(-52F +30° +40°
- =Y e
=825m
= . —v.] *+\z "-“-ltl.H
Tagr = "l.:"'- 1"1\] B il N
T oF + 62 +1=50)

L} ._'\‘»"‘f'.d-!"l:
_‘1 ¥

-95.12 m.







u,._%‘@ oo

3026, 3
ﬁ' 3 ‘3“

coxf, -R; =_l_§|_:3_3_
R 30263

H; = Rﬁ._ﬁﬁ“
g;umplc .60
Three forces SO0ON, 700N and 00N are acting along the three diagonals of adjscent
fuces 0f & cube of side 2 m as showin in Fig. 3118, Determine the resultant of the forces

Solution

Co-ordinate of A (2,0, 2)

Co-ordinate of B (2, 2,0)

Co-ardinate of C (0, 2, 2)







\ i
A I -

For the resultant foroe 16 e v hddeae . ¥

o LiliiLel “rA' are lni “im } -...
e (16,9, - 24) t‘o-mﬂhmﬂfi:u&{

s of
14,0,0),

"n'“‘n'l-ﬂ.z&-#

Xn= |ﬁ.?“=- “-Inz 12
1{_2 1ﬁ,y{_=ﬂ-‘&, =—24

X == I4,yh=l.'l,zu=ﬂ

T = VI{H-_ L i:+h'u = ‘h]r t 8y = 't]'

fan = (16) +( =48)° 412

= 52.m
—_— T e R
Fai 'J'\, ‘-1.| ||’; ~lull Ill'-’ﬂ Ia
L ——

=% m
I I 51T "l
f % | e :.] +n Y
l-.u:‘ilt""u T 1“'Ll- ;
Ay (A8 T
T = V! 1%
= 50'm




Fig. 3.119

(160} +(0-48)j+ (12 -0)k
067 + (- 487 + (12F

_16i—48j+12k
T T o

_ » i - i [ 2 .

=12310-36927+923%




.1-2;31+'3'-39 Fa.c—ﬂ-'lﬂf’mhﬂ%ﬁ% ~086F .~ 096 F, )i+ (923 6;4#

or the resultant to the vertical, the X and Z components must be zero,
Le, 9

Fz=(923 043 F, .+ 0)=0

043F,.=923
S
1 AC T 0343
-' =2147N

Fx=(1231 + 029 F .~ 028 F,)=0
0.28 F, 5= 12314 029F
= 1231 +0.29%21.47
] Fap™ 66.20 N
312. Equilibrium equations of concurrent forces in space.

ilibrium if the resultant of all the forces acting on it is zero. For

(ﬁ body will be in equ = e = —

hnum the components K, R and
$F =R, =0, ZE, =8&= =0, ZF, =R =0
X

iple 3.62 .

lied in X and Z directions
iﬂ' ire ¢ cables ﬂm]ﬂ'ln'rd at A, “hf_‘rﬂ two forces ];‘;nddgmur;‘::m'mlmmmmh
Bshown in Fig. 3.120. 1P = 3.5kN and Q= 13K




‘1o |.Bm

Fig. 3.120

of A are (1.8,0.6, 0) Co-ordinates of B are (0, 1.5, 0.6) Co-ordinates of g
e .
am(ﬂ 1.5, -1.8).Co-ordinates, of D are (1.8, 0, 0)
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Force vector along AB =7 | =!81£08) 06k
AR: g

X
=T\ (086 +043 )4 029K

Unit vector in the direction of AC,

[O=18}i+(15-086))+{0-18k

18] +{-09 <18

~1 B+ 0.9 — |8k

..’."

18+ 005-18k)
— =g

Force vector along AC=T,,

=T, (-0.761+033 =067 k)

Unit vector in the direction of AD,
L (0—06))+(0 {"_,E

JI0) + 0.6 +10]

(0-0]1

0j - 0.6+ 0k
_ 0i-0.6§+0%




For the equilibrium of point A SF, =R, =0
—0R6 T, ﬂ.‘ﬁ"r'f-'at.. +0+35+0=0

0.86T 5 + 067 Ty =35 o ()

SF, =R, =0

| 043 T, +033 T, ~Trp+0+0=0
043 T, +033 Ty~ Typ =0 (i)
¥F,=R,=0
029, - 0.67 T, +0+1.5=0
0.29 T, ~0.67 Ty =~ 1.5..... (iii)

Solving eqns (1), (ii) and (ii1)

Tyg=1.74 kN
Tye =3 kN |
| Typ=1LT4kN
! Example 3.63
A tripod supports a load
0f 2 kN as shown in Fig, 3.121. The ends A, B and C are inth
. B an are I b

X-Z i Tee |
X-Z plane, Find the force in the thyee legs of the tripod




Co-ordinates of A are (1.2, 0, 0)
Co-ordinates of B are ( 0,0, 1.2)
Co-ordinates of C are (-1, 0, -0.8)
Co-ordinates of D are (0, 1.8, 0)

Position vector AD=(0-1.2) i+ (1.8 -0k + (0 -0 k

=—12i+18k+0k
—1.2141.8 j+0k
Unit vector along AD= J{,Lgf +(1 Y +(0Y

=_0561+083j+0k
(-0.561+083)+ 0k)
i+(1.8-0)+(0-12)k

Force vector along AD= Fin
Position vector BD = (0—10)
=0i+18j-12Kk
0i+1.8j-12k
Unit veclor along AD = m

_0i+083j- 056k
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Force (1R~ 0)j+ [0- [—U.ﬁﬂk

| Position vecio




}T . _at'urabout O. Then,




Fo==250], Fy = 1507 and Fo=-1007

Resultant -ﬁ-=£-§='i='.+f-‘ +Fyy + F, h
| 5 - 0 +Fp +Fy + e !

= 1257 (= 2507) + (—1507)+(~1003)
=—625§.
f_;.'-..-. ion vector of point O, ¢, =0
ﬁﬁn vectorof pointA. 7 =4 i
Pasition vector of point B, fu=4i+5k

Position vector of point €, ¢ =3k




of §, o0 7, < F,
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4 0 5| =750} &00 k A rectangul
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' Solution.
Momentof F_ abiut O 15 1 < F, Co-ordinat
- =5k %(=100 j) =—-500 (k x j) A0, 0,0%
=500 1

Surn ol moment of all the forces about O

£ M, =0+ (-1000k)+ (750 i — 600 k) + 5001

12501 - 1600k =

Leteosardinates of poim 1, the poini ol application af resultant, be x_ and 2, -
Positionvestor of D ik, i, = x 0 47, =k ol
| 1[4 o Pl T | Y N;
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e
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gular block: is subjected to three forces as shown in Fig 3,125, Reduce them o
ent force couple system acting at A,

i

Vg

A(0,0.00: P (0.1.0):Q(3,1.0): R (3,1.2); $(0,12); D(0.02)
_ YI|
|

P Q_ F=3kN
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it vector in the direction of



(540+832)i+(0-7.5+0)j + (0+ 554 +0)

I |-.----. g - ¥
-~ R=1332i-75j+554k

Aot

fghr.mingtmmumems of F\, F, and F, aboutA
iﬂ‘- Ly x Fy+r,, x Fyrr, x F, E
T = (0= 0)i+(1-0)j + (0 - 0) 2
=0i+j+0k
T =0-0)i+(0-0)j+ (2 0) k
=0i+0i+2k

Ji &
L O=litgi_s

> ﬁ'ﬂ.
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Mo=M i+M ;
_ . JEM k=0
EM]I-‘.'-EMJ-F EM:k=0 : |

IM, =0
M. =0
EM, =0

Example 3.60 g
. F1_m:l the reaction and moment at support O for the structure shown in Fig. 3.126
Salution.

F,=10j, F,=20i, F, =30k
Position vector T, =31
Position vector -1, =3 i+4 k

Position vector T.=31-2)+ 4k

1 Let R be the reaction at O
“scomponents are R, R, R




20kN BA—>20kN

R'f z . i.'!m
R, j-10j =0 )
R, :Iﬂk” “”ih.\:
(R, +30)k=0

i Fig. 3.126
Ro+30=0 .

II ‘ S FTEITE

The resultant reaction at 0, /R,

| fm "Ei:'“‘:.‘:"'”:
=3T42kN
Iniclination of the resultant with X, Y and Z axes arc

: 20 =
L =08 (—)=cos —37.69
37.42
[0
3,—1-‘!"51—]—Lm _ 74
3742
= R, 30
f, = cos ?=L‘us ——=136.7]
3742

Mament of force £, aboyy () 5 f, xF,
| =3ix-10]

-__‘-:“:”-I-'l:]j

et



(T J'....-“; nfall thE 0 oyl “ S J:‘a..?mi?

=30k +80] ~60 750}

3 ==60i-107-30%
Let M be the moment at O, =30k

. | ﬁl‘i:M. __i"+ - -
‘since for equilibrium £ M - ¢ M, j+M, &
M, P4AM, M, K607 10} -30 =0
(M, —60) 1 + (M, - 10)7+ (M. —30)E=0.

'M-I_-:ﬁﬂkNm. M =10kNm. Mz=30kNm

Moment = MM Mm?
omentat O, M= M *+M*+M,

V60 4107 +30° =67 82kNm. c.e.w.
1.16. Mass moment of inertia.

Mass is the quantitative measure of the resistance to change the motion of a body, The
inertia of 2 body is the property by virtue of which it resists any change in its state of rest or
oluniform motion. Translatory inertia s defined as mass and rotational inertia is known as
moment of inertia

Consider two bodies having the same mass but of different shape as shown in Fig. 3,127

Resistance to rotation about the axis 1s different for the two bodies, eventhough they h.-a_wc
fhe same mass. The resistance 1o rotation about the axis AB depends on the expression

' : FT - i is
lrdm“: _where dm is an elemental mass ol the body at 4 distance x from the AB ax

= ' 5 the integral,
Thisthe moment of inertia of a body with respect 1o a given axis defined by the integral
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m?. The radius of gyration of the
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e e l where m 15 the mass of body. The moment of inertia of s
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nd product of mass and s

I=1c + md"
i ol inertin of a ring of radius R

b the crous sectional area of the ning and p be
glemenml longth of ring, d /. Volume of ring of this elemental length is A » 4y

e i s elemental volume is p = A x di, Second moment of this mass about the 727 axje

the mass density of ring materig|

S ARA R Mament of inertia of the ring about 27 ax1s,
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polar moment of inertia 12z =l 41y =—=

I, mR2

]'-'l-,"- ¥y ) 4

Mass moment of inertia of cylinder

Consider an elemental circular disc of thickness dy at a distance y from the centroidal

XX axis of the cylinder.

Mass of the element, dm= nR dyp-
dmR*

— ——

Moment of inertia thin circular disc about its centroidal XX axis, di 7

dl,, = di + (dm)y
_|dmR”

dlyx = 4_'i' dm}“\
|




Fig. 3.142




