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individual forces) is the same at all points, but the resultant moment will vary (in
magnitude and direction) from point to point.

The resultant of a pair of equal but oppositely directed parallel forces, known
as a couple, is simply a moment having a magnitude Fxd where F is the
magnitude of the forces and d the perpendicular distance between their lines of
action. Figure 8.2 illustrates equivalent couples and the curly symbol often used.

6N 60 N-m

10m

6N

Figure 8.2 Equivalent couples.

posite/'\y directed paratlel forces
is known as a couple.

A pair of equal but op-



: Example 8 2

). (c)about the axis 0Q.

If the system of forces acting on a body is one whose resultant is absolutely zero
(vector sum of all forces is zero, and the resultant moment of the forces about ev-

ery point is zero) the body is in equilibrium. Mathematically, equilibrium requires
the equations

SF=0, YM,=0 (8.2.1)

to be simultaneously satisfied, with A arbitrary. These two vector equations are
equivalent to the six scalar equations:







Simple pin-connected trusses and plane frames provide us with elementary ex-
amples of structures that may be solved by the equilibrium concepts of statics.
The classic truss problem resembles the one-lane country bridge, as shown
schematically in Fig. 8.5a. All members are assumed to be two-force members
and are therefore in simple (axial) tension or compression. All loads are assumed
to act at the joints (labeled A, B, C, etc.) where the members are pinned together.
External reactions such as Ay, Ay and Ey may be determined as a non-concurrent
force problem from a FBD of the entire truss. Following that, the internal forces in
the members themselves may be determined from a FBD of each joint in turn

Fep

(a) (

Figure 8.5 Simple truss.

&

@\\i All members are as-
sumed to be two-force mem-
bers and are therefore in simple
(axial) tension or compression.
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(method of joints) starting, for example, with joint E of the truss as shown in
8.5b. Thus, we solve a sequence of concurrent force problems at successive j<
having only two unknowns. As noted by Fig. 8.5b we may assume the unkn
internal forces such as F!:D, F“V, etc., to be tension. A negative result indic

compression.

Example 8:'5

Summing horizontal for




If the internal forces in only a few selected members are required, the method of
sections may be used. For example to obtain only the forces in members CD, CF
and GF of the above truss, we “section” it into two portions by cutting across
those members as shown in Fig. 8.6. Each portion becomes a sub-truss, and the
internal forces of the sectioned members become external reactions of the two
sub-trusses. Both force (Y F = 0) and moment (XM, = 0) equations are useful

in this method.
2P

|

Figure 8.6 Sectioned truss.

Trusses and Frames
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A plane frame is a structure that consists of both two-force and three-forc
members, or even four-force members, etc. Loads may act at
frame. The problem is to determine the components of the reactions at all pins ¢
the frame. This usually requires not only a FBD of the entire frame, but also .
FBD of each member. We illustrate by the following example.

any location on th

s csemsasatvotisbaterm et
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Figure 8.8 Friction angle.

Examples.s |




Figure 8.9 A belt with friction.

If a belt, or rope, is pressed firmly against some portion of a rough stationary
curved surface, and pulled in one direction or the other, the tension in the belt
will increase in the direction of pull due to the frictional resistance between the

belt and surface, as shown in Fig. 8.9. It may be shown that

T, = T]C'U'ﬁ T, > T, (8.4.4)

where 8is the angle of contact, in radians, and i, is the static coefficient of friction.

=y, Tension in a belt will
increase in the direction of pull
due to the frictional resistance.




Properhes of Plane Areas 409

«vhich normally must be evaluated by a double integration over A. If either one
1 both) of the reference axes is an axis of symmetry, the product of inertia is
-ero relative to that pair of axes.
The transfer theorem establishes a relationship between the moment of inertia
about an arbitrary axis and the moment of inertia about a parallel axis passing
through the centroid C. Thus

Ip=Ic+Ad”, Io=Jc+Ad (8.5.7)

where the subscript C indicates the centroidal moment of inertia, subscript P

indicates the moment of inertia about the parallel axis, A is the area, and d the
distance separating the two axes. Similarly, for products of inertia,

Ix!)w = ]A‘c_vc + Axyy, (8.5.8)

where x,and y, are the distances between axes x and v, and y and y¢, respec-
tively.

Example 8 10
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TABLE 8.1. Properties of Areas

Shape Dimensions Centroid Inertia
L Ic =bh*f12
Rectangle h N x=bf2 I, =bh3/3
* b T g=h2 I, =hb’f3
Triangle r 5
hi =i/ Ie =bk’[36
p T I, =bh*f12
T _
Circle . x=0 I, = 7tr4/4
7=0 J=md*[32
y
Qfla;*er v I ; g=4rj3r I =m'f16
warere (2, T
Half Circle - —x G=4r/3n I = 7rr4/8

The properties of common areas may be determined by integration. A brief list is
given in Table 8.1. Using data from Table 8.1, we may calculate centroids and
moments of inertia of composite areas made up of combinations of two or more
{including cutouts) of the common areas. Thus,

N
~ 2"41 _ 2 Vil

= (8.5.9)
Z 4,

N
24

=} i=1
where N is the number of areas, and x; is the centroidal distance for area A
Likewise, for moments of inertia

I= (8.5.10)

iz

I:‘ = lrl 1‘{2 +"’+IN

An example illustrates.

Example 8.12

Determine the centroida coordinates, and I and Iy for the composxte area
shown.

Pt

So!utxon. Decompcse the composste into two mangular areas Tand2, and the

ASARTED VL e LI LA L s et ey
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8.6 Properties of Masses and

Volumes

The coordinates of the center of gravity G of an arbitrary mass m occupying a v¢
ume V of space are defined by

j xpdV Jypav jzpdVv

frund X——— T o= ";’ (8.6‘
j pdV YT T pav ¢S Tpdv
v v v

where p is the mass density, 4V is the differential element of volume, and x, i ar
z are the coordinates of 4V, as shown in Fig. 8.11.

v




Pmctige Pmblems

(If you choosc to work only a feiv problems, select those with a star.)
[ zlecnin,

’8.1\ Find the component of the vector A = 15i - 9j+ 13k in the direction of
B=i-2j-2k.

a)l b)3 " 95 47
8.2  Find the magnitude of the resultant of A =2i+3j, B=6i-7k, and
C=2i-6j+10k.
a)8.2 b)9.3 ¢) 10.5 d)11.7
@ Determine the moment about the y-axis of the force F = 200i +400j acting
at (4, -6, 4).
a)0 b) 200 c) 400 d) 800

8.4  What total moment do the two forces F; = 50i - 40k and F, = 60j+ 80k
acting at (2, 0, =) and (4, 2, 0), respectively, produce about the x-axis?
a)0 b) 80 ¢) 160 d) 240

RaEREN
% "8.5; The force system shown may be referred to as being
1"5)\} non-concurrent,

200N “

{(x-y plane)

“vIS.B If equilibrium exists due to a rigid support at 4 in the figure of Prob. 8.3,
what reactive force must exist at A?

a) -39i -141j+10k ) 341i - 141j- 100k
( b) 59i + 1415+ 100k d) 341i +141j- 100k
"8.7_ . If equilibrium exists on the object in Prob. 8.3, what reactive moment must
" exist at the rigid support A? - -
a) 600i - 400j+ 564k {€) M00i - 600 + 564k
b} 400i + 564k d) 400i ~ 600j

*8.8  If three nonparallel forces hold a rigid body in equilibrium, they must
a) be equal in magnitude.
b) be concurrent.
¢} be non-concurrent.
d) form an equilateral triangle.

General
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L

L3

/) A truss member _
a) is a two-force body. ¢) resists forces in compression only.
b) is a three-force body. d) may resist three concurrent forces.

2

@Fmd the magnitude of the re-

action at support B.
a) 400 <) 600
b} 300 d) 700
@ What moment M exists at sup- i
port A?
a) 5600 €) 4400
b} 5000 d) 4000

8.12 Calculate the reactive force at support A.
a)250 c) 450 200N/m
b) 350 d) 550 Vool }

B
3m Im .S\:_L

813 Find the support moment at A.
a) 66 c) 88
b) 77 d) 99

-

'@To ensure equilibrium, what couple must be applied to this member
283 cw <) 400 cw
b} 283 coww d) 400 ccw

100N

Hw *8.15 Calculate the magnitude of the equilibrating force at A for tbce three-force
body shown.

a)217 ¢) 343
b) 287 d) 385

m




8.23 Find the force in member FC.
a) 5320 - €) 2560
b) 3420 d)0

824 Determine the force in member BCin the truss of Prob. 8.23

a) 3560 b) 4230 c) 3820 d) 6430
e
¢ "8..,: Find the magnitude of the reactive force at support A.
“2) 1400 <) 1200 1000

em

)risoo d) 1100 '
v A

v

8.26 Determine the distributed force intensity w, in N/m, for equilibrium to exist.

a) 2000 ¢) 6000 1800 N ,
80 cm 20 cm
ST 2 C
: NOURN
md the magnitude of the reactive force at support A.
a) 2580 ©) 2790 fag e
) 26/ o %2880 -~ o . 2: “ﬁﬂ N

PN )

Diam

S e NN

2590 b) 2670 ) 2790 d) 2880

@/ia/i;ulate the magnitude of the force in member BD of Prob. 8.27




[ *8.29 /What force, in newtons, will ca Friction
N pending motion up the plane?
a) 731 €) 973

b) 821 d) 1245

T —
@ What is the maximum force 7, in newtons, that can be applied without
< causing motion to impend? ]

a) 184 ) 316
AT294 d)346 N :
| = ‘"‘k Py
F ke Ke=02
: 50 kg between all surfaces
, *\t‘ AANTTRRRTRRRRRRES
*8.31 Only the rear wheels provide braking. At what angle 6 will the car slide if
u.=0.6?
a)10 ¢ 16
b 12 d)20

8.32 Find the minimum k value at which tipping will occur.
a)8cm 12cm
b)10em didem

- ‘..._.___* F
ﬂ$= 0,4 caa -~ A.a‘a h
ei) mmmmgm Z
*8.33 What force F, in newtons, will cause impending motion?
a) 240 <) 280

b) 260 d) 320

8.54 The angle 6 at which the ladder is about to slip is
a) 50 a2
b) 46 d) 38




@A boy and his dad put a rope around a tree and stand side by side. What
force by the boy can resist a force of 800 N by his dad? Use u, =0.5.

a) 166 N b)192N ¢)231N d)246 N

8.36 What moment, in N.m, will cause
impending motion?

a) 88
b) 99 Hs=04
) 110 200N
d) 121 >
[ &

il L S

30 cm {10em

8.37 A 12-m-long rope is draped over a horizontal cvlinder of 1.2-m-diameter so
that both ends hang free. What is the length of the longer end at impending
motion? Use u, =0.5.

a)6.98 m b)7.65m €)7.92m d)8.37m
Centroids and . "8.38 Find the x-coordinate of the centroid of the area bounded by the r-axis, the
Moments of Inertia " linex=3,and the parabola v =x".
a)2.0 b)2.15 €)2.20 /d')/?..ZS
8.39 What is the y-coordinate of the centroid of the area of Prob. 8.38?
a)2.70 b) 2.65 c) 2.60 d) 2.55

840 Calculate the x-coordinate of the centroid of the area enclosed bv the
parabolas y=x"andx= yz.

a)0.43 b) 0.44 c)0.45 d) 0.46
841 Find the y-component of the centroid of the area shown.
a)3.35 ¢)3.45 y
~ b) 3.40 d)3.50 ' 5

842 NCaiculate the y-component of the centroid of the area shown.
a)y3.52 ¢) 3.60
b) 3.56 _arSies




*8.44

—N

4

*8.48

" *8.46 Find 1, for the symmetric.
., / -

b)2.42

c)2.84 e 5
d)322 o] o= -
10 kg v)’/ - 1 x S, 3 kg
P
Yy
Calculate the moment of inertia about the x-axis of the area of Prob. 8.38.

2)9%4

b) 104
Q112 ‘ -
d) 124

What is 1, for the area of Prob. 8.42?
a)736

b) 842

c) 936

d) 1056

a) 4267 ¥
b) 4036 2 2
c) 3827 - ]
d) 36352 , - 8 )

.......

.........

........
........

- Determine the mass moment of inertia of a cube with edges of length b,

about an axis passing through an edge.

2
a) 2mb~/3

'b) mbzfﬁ

¢) 3mb* /2

d) mb™ /2

Find the mass moment of inertia about the x-axis if the mass of the rods per
unit length is 1.0 kg/m. :

a) 224 * 8 m
b) 268
c) 336
6
d) 432 6m ™




Afternoon Session . , '
Practice Problem: Questions 8.49 - 8.51 relate to the truss shown. All angles are equal.

E 400 N

600 N

8.49 The magnitude of the reaction at A is
a) N
b) 527
<) 672N
d) 748 N

The force in link BC is
a) 19N
b) 373N
cy 332N
d) 746 N

851 The force in link EF is

ay 100N
b) 200N
c) 300N
d) 400N




zuesuons 8.52 - 8.34 relate to the frame shown, Each link is 80 cm long and the
wire is in the middle of the link.

A
(]

. The force in the wire is

a) 137N b) 98 N <) 9N d) 10N

o
Gy .}
o

- 853" The magnitude of the force at Ais
a) 137N by 98N <) 9N d) 10N

8.54 If the wire were cut, the force at C would
2) increase
b). stay the same
¢) decrease
d) can't sav, need more information

Questions 8.35 - 8.36 relate to the figure shown. Motion is impending and
Hq =03, ug =05and - = 0.

Wks frictionless
frictionless A Pulley bearing

\ . S0kg B;

/////////j

A

m

8.35 The tension in the rope where it attaches to the 40-kg mass is nearest
a) 90N b) 120N c) 150N d) 180N

8.56 The mass m for impending motion Is nearest
a) 18kg b) 22 kg ) 28kg d) 40 kg




Questions 8.57 - 8.59 relates to the following figure.
Y|
3cm

2cm

3em

12em

o

. 857, Find ..

a) 2572 cm®  b) 2185 cm* /1 180jen’ff  d 1567 cm*

~ 8.38 Find the y~coordinate of the centroid.
~——  a)32lem /b)’-%.ﬁ'/'cm ¢) 5.12cm d) 632 cm

o

, 839 “Find the second moment of the area about the centroidal axis, ie. I, .

a) 45 am’ b)) 5B an' o) 685 em® /r{%s cm?




81 ay

@w
o

t Solutions to Practice Problems

c)

d)

c)

a)

b)

c}

b}

aj}
b}
a)

b)

¢}

i a)

L S P
= em— = (] - 23~ 2k
R e 5(1-2i-2K)

A-ig = (15i9j+15k)- 2 (i~2j-2k) = 5+6-10 =1

A+B+C = (20 +5)+ (6i - 7k) + (2~ 6+ 10k) = 10i - j+ 3k

l

magnitude = v10° +1° = 3% = 10.49 -~
M = rxF = (4 - 6= 1k  x (200i - 400). M, =4x200=800 sincekxi = j

M=gxF+nxF = (Zi-4k)x(SOi-40k_)-,-('~1i+2j)x(60j-;80k)
M, =2x80 =160 sincejxk =1

Concurrent = all pass through a point.

Coplanar = all in the same plane.

The forces are three - dimensional.

YF=0. ~R-=11i-141j-200i - 100k = 0
~R = 39i +143j -~ 100k

SM=0. M, +{4j-3k)x (~100k)- 3k x (-200i) + 4i x (141i-1435) = 0
<M, = 400i - 600j + 364k

They must be concurrent, otherwise a resultant moment would occur.

It is a two-force body-.
M, =0 Fsx8=100x4+400x6. ~.F =300 N
M, =400%x8+100x 6= 5600 N-m

TMg=0. 6F; =4x300~600x3/2. ~F, =350 N

300 600
----- vy T
A ; -
: ~— A
E, E—

M4 =06x100-141x0.6~141x0.8 = 83

M =100sin45°x 4 =282 8 cw




8.16

8.17

8.20

8.21

8.22

o
J
J

<)

d)

a)

d)

by

a)

4]

d)

d)

SMy=0. 12 =3x4000. - F =10004 i - 7

EMy=0 ~6x707=2x0866F,. -.F =245
TE =0 ~-707-245x05+F, =0. ~F, =198

LR =0 o-707-245x0866+F,, =0. -, =285

“Fy= (Fio+Fj, =V1937 +263% =343
TM,=0. ~2F+12x200— 1414x2-1414x12+30=0. - F, =512
TE =0 “F -200+1414=0. ~F,_ =386
YF =0 ~F,+812-1414=0. - Fu =602
~Fy = \J‘F.:Zx + F,f,, =586 +602% =840
XM =0 5000 +200x0.866( - F-x2r =0, - E. =337

0.866Fpc =337. .. Fpe =389 A
0.866 x 389 = 0.866F;p. .. Fyp = 389 Y

1337 .
~Fpg +200-389x0.5-389%05=0. - Fp, =-189 N

2 M, =0 .5x5000=10xF.. ~F.=2500 ~F,.=2500 T30

0.70‘71-"SD =2500. - F 3p = 3336 1Foe

ke 4
0.707x3536 = . . F,, =2500 ‘X
£ . A
i
!m fp 1T

Z;WA =0. .'.4X2000+6X10%'=84FC. S B =130 £
0.707Fpe =1750. . Fpe = 2475 30

A
Sum forces in dir. of Fyg : Fpg — 2475+ 1000 x 0707 = 0. 17301
Ny

DE ﬂ
Sum forces in dir. of Fgat F. F =0 \

t

15 =0 ~08Fc=1000. ~Fc=1250 £, ? 1000

Cut vertically through link KA. Then Fyq = 3000.
Obviousl}", a.t‘.u_ = O. e F“.g = 3060. e PSC - 30@

At Eweseethat Fie =0. - AtC, Fee =0




s

824 o

826 d)

827 d)

828 a

. 03x0.6w = 0.6 x 2400, Sw=§

9 =6 +5 - 2x5x6c0s8. ~6=1095°
6 ==9:+52-2x9x5cosaa s a=389° F4
meptsf, C,FEB weseeﬁ\athc =Fe=Fs, =Fgp =0.
Also, Fy =Fpe. T M. =0,

3% F, sin38.9°+ 5000 x 6 sin 70.5° = 3000 x 6 c0s 70.5°.

~F =-3817N -

Recognize that Jink BC js a two-force member. IM, =0
~0.2x1000+100 = 0.08 x Fge x0.8+02x Fye x0.6

“Foc=1630. A, =1630x08=1301 A, =1830x 0.6~ 1000 = -2>

TTRTe——
SF =104+ 227 S5 N

1800x0.8 = 0.6F;c. .- 5, = 2400 N

IMy=0. 2125 =08x2100, - F; =1600
A =2400. A, =1600

ey ——
.z}:& =42400" + 1600~ =2884 N

=

LinkBDisa two-force member. -, the force acts from D to B. Hence,
the angles are found.

1207 = 100° +1~2x10{2x100cos,3.
BD =40° =40% - 2% 60 x 40 cos 73.7°.
62.1 10

:”?‘——‘ - :“,Q‘::_ = bnd
Sin73.2° “sing” "0=3827 a=(180

SM.=0 1600 x 10005 33.2° = 60 x £, sin 3.

YE =0 Nx0.866-980-04Nx05=0 - N =147
SE =0 F=1471x3.5+0.-§x1471x0.866=12~15N ‘




BN
B
b

8.32
8.33

o
1 97]
\Fl

¢
(]
(>N

8.37

b)

<)

b)

d)

b)

a)

d)

Ny =490. N,=980. ..F=02(490+980)=294 <

T Mioniwheet =0- - 200N; ~W cos@ x 200+ W sin@x 350 =0
SF =0. 06N, =Wsiné.

If h<hg,, thensliding occurs, and F; =0.4N. o !
. : ) wi FY»r
If > hgyy tipping occurs and Fy <0.4N. !
= T

When h=h,,, F =02N=04W =F. F. = 4N
YM,=0. ~4W =hf =hx04W. -h=10cm N
TF =0. ~N,=04\.. Also, W =980
TM.=0. ~W-r={\N,=04N, +2x0.4N,)r.
~N; =0.3814W = 570

SF, =0 .F=980-570-0.16x570 =319

TE =0 2N,=04N, YF =0 ~N,+04N,=W.
Ny =0345W
TM. =0 ~LExWcoso=N. xLsin6-04N, xLcost.

This gives tan@=1.049. . 8=161°

Fg = Fpe™ =800e ™% = 166N R

Y M. =0, ~200x05=01xT, =0.1xT..

Let h = long end. m = mass/unit length. Then,
(12-1.88-h)mge®>* =hmg. - h=838m

S
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843 b) Feamml 2I2OTIX7 .
3 . 3 ,

841 b) I =jydx3=]x"dx/3=3/21=1041.
¢ 0

a
With a horizontal strip: [ =y
g

843 d) zr=8x53/3+(3x33,-’3e~1:x73}~(nx1*‘/4+m6?)=1056

$46 a) I, =12x12%/3-(8x8" 12-6dx 6%)=1267. Or, altematively : -

1] .
-

I,=8x2°/3+4x12" 3-8x2312 £ 16 x 11" = 1267

Ff)
the
~1

-~ - D
D e =l = MIT = 50 -5 ) MY = 2o

848 &) I = (6m)x6" x2+3mx6" =432 with m=1

Q3 |

8.49 a)  Alllengths must also be equal. Sum moments about C:
M =0 400x0.866 x 2L - 600L = 2L x Fy, -~ Fg=26iN1

L
;-

W

0. = Fqy =400N. . Fq=v46.4% +400% = 403N
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8.50 b) Find the force acting at C:

IM4 =0. 2L xFe =2Lx0.866 x 400 + 600L.

-~ Fc =646.4 N. Sketch the force situation at C.
0.866x Fep = 646.4. . Erp = 746.4. Foc
Fgc = Fepsin60° = 746.4x 0.5 = 3732 N

8.51 d) Consider the force situati'o'h at E:

T, = 0.

o Fzzcos60° = £ 100. -

FE.: =400 N

-
EF

8.32 b) Link 4B is a two-force member so that the force in link AB is in the x-
direction only. A free-bodv diagram of link BC provides the solution:

Tag

Since there are oniv two vertical
forces acting on the link, they
must be equal :

“ Fuire =10x98 =98 N

835 o  The force in the two-force member is found from moments on ‘he free-
bodv of Probiem 3.32:

98x40sin 457 = £y x80sin45°. - F 5 =49 N

]
P

- - 8.3+ o  The force would reduce to zero since the two links would be free o
o ' simpiv fall and assume a vertical position.

8.35 b) Draw a free-body diagram of the upper block:

N:=W=40x98=392N T
| w
\

——
u 3\'1 N 4

8.36 a)  From a free-body of the lower biock we see that Ng=117.6 N. Draw a
free-body diagram of the pulley:

L =03% 307 = 11T AN . T
'5..:.).\-_;‘ =03x392 =117, NO= g

s NS = 1176. ‘Llsz\'rs = 0.5 x 1176 = 38.8 Tl
Moiiy =0, . mx98=T; + UgNg y
g
Som=(117.6+38.8)/9.8 =18 kg
- uNg




857 ¢ Usetwo rectangles, one 3 cm by 12 cm and the other 3 cm by 9 em:

3 3 - 3 3
Ix=[-b%—J .,,[_12!1_] =3X12 L 9%3” _ 1800 em?
1 2

3 3 3

838 b) Use the two rectangles of Problem 8.57:

_YaM Ve Ay 6y36.15477
YT AT A T TR

=4.07 cm

1 8.39 d)  Use the parallel-axis-transfer theorem:

- -~ ¥
Iy, =1 ~au; =1809-63x 1.07° = 763 cm*

o e

AN SN £ G




