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Uch as possiple befare substit valies, {)

S nmn,kkwﬁﬂﬁ.hmbmm. system can wm&mﬁn&bdﬁ n&hﬁ@.@wﬂm

rical values to

e m,ws 2

is ww,mmm:mwm

¢ neater and more.organized
foq] ; .

- specific dimensions, Rather than fecopying the problem Statement c¥® >

m
S

gives the student 3 chance to concentrate on the method and not the
unique application. [ may help to think, metaphorically, that this
book is the Step-stool to the ladder of a textbook.

In the opinion of the authors, work done neatly and in an
organized MAAST will help a student grasp the material more quickly
than if little care is taken in performing the solution. To that end a
Suggested problem-solution format has been supplied, which wi]]
help the student who is having difficulties in organizing the
information contained within g problem. By separating the process

through it level by level. The first few steps Tequire a thorough
examination of the problem, which helps to dissipate the anxiety of
"where do I start?" Once mastered on stmpler problems, the same

, technique will help in Successfully solving more difficuit ones.

The suggested solution format begins by 1solating the
information supplied in the problem--information 1n the form of the
mass, weight, velocities, accelerations, magnitudes of forces or

>

A sketch of the System is usually helpful. This might include a
general sketch of the System as supplied in the problem, followed by

~

a tree-body diagram, or any other sketches showing important

accurately and neatly as possible since they are important. tools n
the coordination of the supplied information _
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Introduction 1

Force Vector

/ Line of Action -

Free Vector " Fixed Vector

+ Sliding Vector

Chapter 2

Concurrent Force Systems

Introduction

A number of forces acting on a body is referred to as a system of
forces. Forces are depicted as vectors. A line that extends this
vector 1s known as the line of action. This is the line of action
referred to on page 29 of the text. The three types of vectors are

tllustrated to the left.

Definitions
Vector

NYRYD _ 3._44
Principal of
Transmissibility

OTI¥IN Mo
Distributed Force

Concentrated or

Point Force
SDION DMID

Concurrent Forces
.uojd ,:o.?e MPID

a quantity that has both magnitude and

direction

the property of a force that allows it to
be moved anywhere along its line of
action if only external forces are of

concern
a force applied over an area -

a force applied to an area that is so
small that it may be considered as a

point

forces whose line of action pass
through a common point
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Concurrent Force mvﬁmﬂm

O

™

i

200 sin 45

100 sin 30

100 cos 30 _ .NOOOOmAm

Wmogbmia OoBvosmEm components which are 90° apart.
bgCF.U\AJv\o.V,UJ .

Free Vector - : a vector that can be moved to any
e’ 8l location withoyt changing its net effect
Sliding Vector ( a vector that is confined to act
_.vw AN anywhere along a specific line
Fixed Vector ( - & vector that must act at only one
NS ! T specific point

Resultant of Forces

Example 1

Determine the magnitude and direction of the resultant force for the
System of forces shown.

Given:
Forces F, and F, of given magnitude and direction
Find: ] .
- The magnitude and direction of the resultant force
Solution:

>mmc:\_vﬂozmu
The forces are coplanar

The first step is to break the two forces into Components,
Rectangular components with the same axes are used. Adding
these components yields:

]

2F, = 200 cos 45° - 100 ¢cos 300
2F, =200 sin 450 , 100 sin 30°

144 - 86.6 = 54.5 By
M4 + 500 = 1914 m N

LLE S S IFTIINN

[ L i
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Resultant of Forces 3

i

1914 8N

5488 N

106.6 BN

74.0°

We now find the resultant of the vectors as

R? = 54.82 + 19142 = 29507 |
R =199.1 B

The direction of the force is now found

tan 0 = 1914/54.8 = 349
0 =740°

Comments : Here the technigue of representing forces as
components and then adding these components together was
applied. The resultant components were then transformed back into
a single resultant. This procedure will work for any number of

.concurrent forces.

Example 2

N -
Resolve the 100 ¥ force into two components along the axes I and
I shown.

Given: N
A force of magnitude of 100 & acting in the direction shown
two non-perpendicular axes along which the components of

the force are to be found

Find: ,
The components along the axes shown

Solution:

‘Since the two axes are not perpendicular a different approach must
be used. Before proceeding, an examination of what is to be done
will be helpful. Note that we have by vector addition
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Concurrent Force Systems

100/sin 145° = F/sin 20° = F./sin 150

Fi= 100 sin 20%sin 145° = 506 mpl -
Fi = 100 sin 15sin 145° = 451 N

Example 3 r
r\_ﬁ p>
Three forces act as shown; determine their resultant,
Given:

Three forces as shown

Find:
Their resultant force

7“/ o /
/_»\.— 3 VW

Solution:
R=106.5 N
Assumptions:
: The forces are coplanar :
27 N The forces act oo:ocwwozﬁ_v\?:wo:@:ﬁ:nmm:‘_w vomzﬁv

First it must be shown that the forces are concurrent. To show
. . this concurrency, it is observed that the three forces all pass

5245 N through a common point. Now separate the forces into their
rectangular components:

A
Fi = 70c05 15° = + 70sin 15° 1} = 576 b =+181 8N
Fz = 40c0s 65° = + 40sin 65° 1} = 16,9 B =+ 363 gy
. ) d

N N






Resultant of Forces

5

Fs = 50c0s 50° = + 50sin 507 = 52 =+ 385 H 0
_ N N
Re= 676 +169-321 =504 gl — _ 524
Ry= 181+ 363 1+ 383 _ 278 M= 927; mp
KN .
R?= 5242 1 9272 = 11339
R =1065 b

tan 0 = 92.7/524 — 1.77
6 = 605

Note that the resultant must also moﬁﬁ:wo.:&: point O.

Example 4

Two forces are oriented in a three-dimensional coordinate system as
shown. ' Determine the angles 9, and 6, respectively that the two
given forces act at.

Given :
Magnitude of the two forces
Fy =20 p kN
F, =10 bw kN
Direction of the two forces in xy,z coordinates
(See figure)

Find:

The angles at which the two forces act

Solution:

Starting with force Fy. In the x-y plane it is observed that

2= 42 4 62 - 5
d=721

SN PV s oot o .,

Ay e ey,

Wmmﬂ .
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Concu an:ﬁ Force Systems
. !

()

Y

cos 0, =6/721=0.832 8, = 33.7°
Alternatively the angle could ahve been computed as .
tan 6, =4/ 6 = 0.667 0, = 33.7°

However, the cos method was used since this method works in three
dimensions. - As an illustration examine F,. F, can be written in
vector form as

Fo=10[6Gi-4+3k] /[ G?+ 4%+ 3 ]
=10[Gi-4j+3kK] /781 kN

The denominator is the Rm::umzﬁ of the three a_mv_mnw_\:mﬂ
no.\:nozwzﬁm. Thus

cos 0, = 6 / 7.81 = 0768 6, = 39.6°
cos O, =4/781=0512 . @z = 59.2°
cos 0, =3/781=0384 1 0,=674°

Thus the force F, is rotated 39.8° from the x-axis, 59.2° from the
y-axis, and 67.4° from the z-axis. Note that the magnitude of force
has no implication in the calculation of the directional cosines. The
magnitude of the brackets has a value of unity or one.
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*2-48, The brace is used to support the wall. When used for this
purpose, the pin exerts a horizontal force F; and a vertical force F,
on the brace at A. If the maximum resultant force that can be
developed along the brace is-6 kN , and the ratio FIF, = 0.5, de-
termine the minimum angle ¢ of placement for the brace.

Prob. 2-48

2-49. The crate is to be hoisted using two chains. Determine the
magnitudes of forces F, and F acting on each chain in order 1o

develop a resultant force of 600 N directed along the positive y
axis. Set 0 = 45°,

PROBLEMS 37

2~-50.  The crate is to be hoisted using two chains. If the resultant
force is to be 600 N, directed along the positive Y axis, determine
the magnitudes of forces F4 and Fy acting on each chain and the

orientation § of Fy; so that the magnitude of Fy is a minimum, F,
acts at 30° from the y axis as shown,

F, Fl‘\ o0 FE: (3 =

F‘:& St 3D '(U lwé)

Foy v Oy baenf = 6

Shvy 0

Fyscn(Be30) = ey
A

Y o W
B=to
o = DO
Lo N ‘[;ﬂ: P,
3o s

Probs. 2-49/2-50
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A (2,~%N) CHAT B
B(-1,0,0) Bp= T342j-vk Tp =3

Y= -3, 412 -4k
13 [E%e

Eoefas b (-3 +LZ) ‘f’;k) =654 42205 § =738k kil
-t -—
o= o (-3 °
o (22) o3

-1 .
T (E) =22.4°

B
,___,‘ “tf oy . v
¥= o (73) = '07.7
2-39
F=HRu
W=y +,si k . .7
Fosgo(di 42k ) bui+ 1ok N '
X
-l '
N ) ({()'z 31.9° v
f{b S 3 = §3.1° R = 120 [tS”lt + o 98 enld"d 4 es( b
¥ = eovif = ' - o . S ——
(/S) ' o ¥S R +(.7n7)(.5) i+ (;‘Jq?W‘)J
wgk, + @58 4 73.3) -
x=¥ o
o{:&ﬂ— .3.(‘{‘)"’ 613
e (2 = 52.2°
| pees (%) = 62
' v ' ek
- .1, = asiiB) 1242
- = (p,03€) B= 25,433,0) Y Z _
2 LO A ( 770 ( "“B/ =m(5f)”= sﬁqq = L’ n ) k
: . " c y3.3 J ,_l,,k :0."/!!'-_4'-7'j’0'57"
' Wal =247 g Tz -
v {7

Y T 1!;]
e + 82 "= _
£= F_(i = 360 [?]’:@L 5;”;2", l‘f;:_

= 193.5L +2\f€1$j -1 = !

-

“G—

o -

o en30® o 89z 0.8L0 Fe92.4 1L

- | o ) . gLl ;
o Eg=,s.;so° of 5‘7=72-"(”'>)% ' ..“

| Fy = Fry eoso” = 217 b L
T F*J=ij pinse” = 3 1b

- 2971 4388 ). = fok 3 W= 0,324 +0-38) ~ 067k
= 92.Y

-1 (3]
= AD (-32):7‘-3
p =t (:X) =01°
Y v-CC;, (—.Q?)?ISO

F sy

t

?

g

F
- M

2
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N Yy ’WJ\
\’2 —-13,) The mast of the sailboat is subjected to the fTorce of the

two cables. If the force in cable AB is 80 b, determine the re-
quired force in AC so that the resultant force caused by both cables
is directed vertically downward along the axis AD of the mast,
Also, calculate this resultant force. '

ﬁl\m 3

Y AP
|

6> 1[“ D 75

B c

ﬁ.f.n j ey

e g

Prob. 2-13

@ The hipbone H is connceled to the (emur F at A using
thicce different muscles, which exert the forces shown on the
femur, Determine the resultant force on the femur and specify its

oricntation § measured counterclockwise from the positive x axis.

ﬁ']\fa” M yle3n ’D):J?.f sk 037 ,o"wl’l) v Ao
R-"3nA Blu'am

Prob, 2:-23

242,31 N

F;n
H

—
2-17) The cable exerts a force of 600 N on the frame. Resolve |
5§ force into components acting (a) along the x and v axes and
(b) along the y and u axes. What is the magnitude of each compo-
nent?

X,V ll'>>(l¢ At alk 1fe3a

X
Probs, 2-16/2-17
- 600 N

Fy= 490N )

(‘\

2-40.") Express cach force acting on the bracket in Cartesian veo-
“OFTorm. What is the magnitude of the resultant force?

: ";J«'A'C‘)r*"'mub""'m> L0510 1fe 30
y f 1p6n 1ol

Fy =50 kN ,
Fy =60 kN ¢

Fy =40kN

Prob. 22--40

-;7'1
"

-32% + 24 kN
Fx = 55.91 k” -







Torientation, measured clockwise from the positive u axis, of the
resultant force of the three forces dcting on the bracket.
y f!,*e» L e 1f3re 1k3a
u-"34 3345 fipkp fo yn>
Fy=521b

E =801

X

A

Probs. 2—-43/2-44

(2-51
'— J Determine the magnitude of force F so that the resultant
& of the three forces is as small as possible

.)’

20 kN

12kN

Prob, 2-5}

Fe= 160.731b.

[fTLm, 2 F Lo ihda
aswn o

k= 1.31 kN

ERN TR P PROY
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i\, THC o ) ’
4518 Fac SonS = 8 i 26
\ Fac = 130.43 1b

w
O —
~
A

Resubdinb fra = @ 28 + £ enis
= 195,48 b

usduj ’fr(j %d' awcbb.s thew tar Imo»i,c.wa,,
Loo . ke | K
s 6o Singg su s

Fy= 489.9N
Fy= 6b9.2N

..(7&0\ = .—Fj = FM'
S 20 gnys mls

R= ’79'32,\]
/ 20N
2-2 -
3 (o 2/ ZF}( = (20 _g +800530° = s, wynN

SF =
N 60 +120.12 |, gy - .
o B 5 7 + Fosinzo = 21077N R

30°
R= (2507 (5 - oain Al

R ;5 S1826 B201.29" from hovizondsd

Fx

(11

2p0 Fp - 75 (ew204 ~pizoj) = Jodsi -25.68) N
Fao= Lo (o6 + donis)) = h2.934 +Ry3) ke

2 ) e
éﬁ*%’ﬂ = =320 +20)

n

-

R = S‘S.‘il}_,-? 24.08j R= J(sgqy)".,. (8#.09)% 100,97k N

—
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by = .14-._-% 4 BU Ff ISU 43I0V ® 2L DS Ib
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example

xample 2—15 iy

The man shown in Fig. 2-40a pulls on the cord with a force of 70 1b.
Represent this force, acting on the support A, as a Cartesian vector and
determine its direction. ' ‘

SOLUTION E

Force F is shown in Fig. 2-40b. The direction of this vector, u, is
determined from the position vector r, which extends from A to B, Fig. 2—
40b. To formulate F as a Cartesian vector we use the following procedure.

Position Vector. The coordinates of the end points of the cord are

:A(O; 0, 30) and B (12, -8, 0). Forming the position vector by subtracting

the corresponding x, y, and z coordinates of A from those of B, we have

r=(12 - 0)i + (-8 ~ 0)j + (6 — 30)k
= {12i — 8j — 24K} ft

. Show on Fig. 2~40a how one can write r directly by going from A {12} ft,
 then {~8j} ft, and finally {—24K} ft to get to B.

The magnitude of r, which represents the length of cord AB, is
r=V(122+ (=8)2 + (—24)2 = 28 1

~Unit ;Vector._ Forming the unit vector that defines the direction and sense
of both r and F yields

f

12 8 24

r
Fee—= e —— -k
T TR AT

Force Vector.  Since F has a magnitude of 70 1b and a direction specified

by u, then

12 8 24
F=Fu=701] <——'———'——>
i u=701b 281 28‘] ‘28k

= {30i ~ 20j — 60k} 1b ) Ans.

_As shown in Fig. 2-40b, the coordinate direction angles are measured

between r (or F) and the positive axes of a localized coordinate system

‘with origin placed at A. From the components of the unit vector:

12)
=cos™! |—] = 64.6° .
. a = cos (28 6 , Ans
y:cm;wvﬁjm;xg -8\ .
' B =cos™! (-——) = 107° Ans.
28
—24) |
=cos™! {——] = 149° ..
Y = cos ( 28 Ans

W;W’!ﬁﬁﬁ«ﬁ?“
| :

B (12,8, 6)
(®)

Tig. 240
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72-13) 'The mast of the sailboat s subjecied to the foree of the
N b

two cables. If the force ip cable AB js 80 Ib, determine the re.
quired force in AC so tha the resultant foree caused by both cables
is directed vertically downward along the axis AD of the mast,
Also, calculate this resultant forec,

/l"\L'n I/(..))’/J

Prob, 213

(2;—33 The hipbone /7 is connceted (o the femur 1 g A using
thice different muscles, which exert the forces shown on the
femur. Determine the resultant foree on the femur and specity ity
orientation 6 measured counterclockwisce from the positive v axis,

ﬁ]ﬂw e gle3n ﬂ)ﬁlef wle 03y AP v Al
| -3 9];l'>m

Prob, 2.24

F = 240,310

Z—IB The cable exerts a force of 600 N on the frame, Resolve ‘
mi§ Toree into components acting (a) along the x aI}d U axes and
(b) along the y and u axes. What is the magnitude of each compo-
? *
nent: X, v ,ll'>> (ft 83 ple Je 3w

g o (>

Frobs, 2--16/2-17
600 N

-
Fy: l;qu (‘/

/*m) Express cach force acting on the bracket in Cartesian vee-
TIGFTOFM, What is the magnitude of the resultant force?

J'}'C’)j) 7)3'3? N [3I ﬁl,(’—;) ’ ,/cj-'-’-»-.-—._._“.“.
Y flrl'a Iy,

I’:; =50 kN
Fy =60 kN '

Fy =40 kN

Prob. 2. 40

Fa = -320 +24] kN
Fx = 55.9i k")







'_AC S‘W's ya/‘_ng

USRI AL R
l

: B_: 554114+ 84,08 o R= |G i)+ (B08) xéo.ﬁ RN







e

3

léo 73 )L

{‘{‘ 38 ss z:~ 13. 3:. M\d’l&ddvg
: ERE I ¥ 4

‘ lL Fc»‘f.;
e Fsm'{.;

J zsl. - ’sta»‘fS + ch'a '(s + -F’“s;n‘”us

| l(ZF,( ‘ +LZF))

12%»321:%‘154-}:" U e sadtseen

: v(‘t:f“smﬁzuls) rcmiw* i\PF : THTe

-nd

[ H

(=g + 2F) :7 c

1{256-311:%‘1“[-“’- '

B2 U
¢ E




)




Preuzm a~7/ (P £9)

M= 8+36-13.5 = 30.5

N -y NS Ty

DID NOT DO - HANDOIT

= ((9T- 3]0k - (20 +37+3K) =(-2i - 6] -3k ) ft

N= T-T, - (-2t -35 +75k) - (21 +37 +3k)=(-41 -6 +4.5k)
L= (g =Ty

= L S COTGT- ¢.5

2 = J 2262+ (-3)F - 7

ne
Alse tam be <alved
F=Fua -F0 o= R,= F 1 ‘
n r
“h = ER-RA = FR FA (
f r nr,
— _ e o I
mO:ﬁ»F;_I—,FZ = h . W, :L?,-E(:
' r?rl Mtul
Uoslio CAT-67 e 48R B0 = - upig - T0bT +-529k
M
f £.5 f/t/

R - A, = ~857( - 257 - 12.96 ke =, = 30lb
f,;/—;f 721.9% >0 = /j_f; - . 5721 G- J9.2° ngfjuz
. 7’1 L o = ~3Lel; »(,_..‘.n'J'-m
CROSE ~ Aopuei .J\'MC')W ::»f:s:w Session #4 :
, N . .
o | = AxB  whe C Ul oA d 1 48
$i2, ¢ hr ¢ |T] = ABsw 6 0'<h< 0
1 |
/'7?)/’ > CsABALO &, i b & Uik vechn o
— / B .
A K : - e ik ot €
- - > - - => ' '
AXB & BxA = - BxA | ot Commtokic,
L = - — -~ —
m. LAX(Q-»Z mA xB = &xm% =(Ax8) m SCAAR
Ax(B¥D) = AxB + AxD DR bt







.

Loy Clocwxio (SE  Morfroa] 1+
IXE?L \T’*I 20 Kh;/ - lew e
k)(;C =J—, l’lez =0
T%?:»E B e —
- |
- Lxle |
P?xj?*b

AxT + Q‘j? +A:gk~, ) (%wt -&-BjJ -LB% )
)7 - (AxBy A@x)1+ (AsBy -Ay 8)k

S T, 7. ‘)' >
Axé = l ‘)/k VA A olso a rﬁrww"w“
. A a

Bx 83 B.& XB‘j ‘
(s.ww How TO ©PCRATE TWE DETIRM WA | L
THIS 1S IMPoRTANT To KMoe) Fol  THE DEE/NiT?or oF A MomGNT
o=
Mo= FxF (s mowand Wpowk 0 fosifum Ut¢/'o1/ ol
frove 0 fo any Mm%a@%am%wyﬁ@fm
The f»ao w.e,/ov ’
r Y'Y'a 1N 0 IIN ﬁ meaasred Jf)lu/‘(lw
n raJ A3 y o S
’ \ ; J\ijfa ‘“vﬁ;_—{f 77777 --QJP'_’?‘L&SO'#QC{%&“ j r4F
0 -,
d

CoNSIDER  MOMENTS  FOS,TIVE AS DEANGD THIS why . )
—
FRost THE LNE oF ACTION OF F To THE wNE oF Reron OF F

MCC{)M: ..f‘—'(,,,:?sc? <<KF§¢£A9,) CFM =9 Mo = rF%Q - Frg,@@
reebed o Mg ok lm/ﬁw Sorpndiele
' dfoﬁmw dctrm %/ﬁ%w
(Pi21)
TRoBLEM 443 . A L”
Fw‘\}\. W’S“"‘L‘;’ ’% ‘3 P (Z,O,D)M
g ot /’/“/} A (-2,2,)m
ST Pe Bl (HT2p eI m







M = VX F: -l _ -y Y ~y
r :-I,L 2 3 = A,[Z-&—‘#S] ~J [,_.4,3 _(_4)3]_‘ k[—l})'L}_(.éJ
-6 43 _
77 - - .
[ 1en] = £ C6) = (36) vk (-4)
= (~LZ’ ~(,J”—4la ) N
REVIEW y IN CLASS 4. ANDOUT
A8 P 4 /., . -
ot ~ A Tae /4/441‘/“’”’ , e
j 2) ‘a8 = 4p Y Fie = ac Upe,
B
1 st b e e
LeSm L = Gy wi

B ,j'.»ol?f)w } (o =(—,§?—z,sf—4075')m

A
(ﬁlcﬂlfu
SR
A~
} &1-
“wox
¢&L~01
~ 1
“w g
&
N
3
o~

= (.-423 ~,§j’ + O ) m Tag = 10.32m
=2 ~y -3y N y v 5
Me =(-1M -,s‘J ~10 k) m: Uns = - 048 2 _ szJ ~ 969!&
o = - e
he - (.78 m 'ZB’ ae Kaa (‘”" or

. . o | 21,67 -108, LoS b
fm/ = ums~.37lf—,0%f—.3222 é ‘ gj o O&le‘

rAC“ Fac UA—c =( oo )l(/;c | —— :
= (- 11:3% - 13.87- 278, We),\/

e

- > |
f = Byl = (/32,92" - /22,7”- 714408 )/ )

2-8¢ 'gg U/;c, ’Mﬂ.ﬁulﬁca(b 7 /;45 4&7'-5/444.0744% AC = F

(- é(, ~/0f.9 7 AVﬁé.é(_A)M . [—.37/l,m,o¢é\/ _,72&’/&) =417.68 N

/ =
F/ = Uy
. : ~—> -~ -~
»Z*J)J 4479 = /;)8 'F/}C = /bC,”E:B = (:z/qu-;}c, = ,92?
B Fo —
ABTAC . g Te 14

&= eo:"[.?zﬁ) = 2,87 °

\—\_. — e et i







-1

YNGR oy BIA rﬁlé
NS ,mﬁllt

s I3

e "-\

ek 5 .
LR
- z:gxr !

+ L J‘“

(L._).tn(\ﬂz) <30) =&

&>N-

\- t(,i' ,..}.._, X RN . o, ;‘
L3t w(Lo'{o)ﬂ ( ‘w'"lw\) +lb(>-¥o 30)

R E *im =17k). “9”“ N
e L ‘ -
£
sy T L N
SR L _},,1%{:';L:_’,,Mﬂg‘_.w.ﬁsmii B{A Mﬁ ,,,,, iﬂﬁ_ﬁ’ﬁ.ﬂ(faﬁ‘_}).q ...4_'_:-__"- I . e -
SN SO SR _;;‘-—f:ﬁ-b - _\f\\ 'AMB“\ UKF) t MBA (i KF) e e et
e e e e LR Me =9 . . N )
Yoot o




)

O

T TR T T



,,,,,, v 1UICES aboygt
et e UIU Dot u. express the result gs o Cartesian veetor,
magnitude and coordinate dircction an zles of the resultant force. L .
ag ¢ ¢ 8 IoMd, Determine the resultant moment of th

: . e forces abony
W & point P, Express the result as a Cartesian vector,

Fy=(-50i+ 20j + 40K N

Iy =(801~ 40j + 60k) N

E,.=1001b [
he 301t

-y
X x
. ¢ . :
Fi = 71551 -43.6% - |17-»ﬁ i o Pl Probs, 4-23/4-
1 - ,‘! ,.rb/o = _3!"4;! ""ug -2
Prob. 2-89 Mo TapnF,
%2-96. The pole is held in place by three cables, If the fércc of

cach cable acting on the pole is shown, determine the magnitude
and coordinate direction angles a, 3, vy of the resultant force, Set
X=4m,y=2m,

3-51. " The cords suspend the two buckets in the cquilibrium po-
sition shown. Determine the weight of bucket B. Bucket A has a
-weight of 60 Ib.,

Prob, 3-51
Prob. 2-9¢6

] .

[
2-113.  The two cables { lorces s - ! : . . . ' .

. , W(_ ables exert th(,: forces shown on the pole. De ' 3-53.  The bucket has a weight of 20 1b. Determine the tension
termine the magnitude of the projected component of cach force leveloped in cach cord for equilibrium
acling along the axis OA of the pole. ' developed In each corc ! ’
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magnitude and coordinate dircction angles of_ the resultant force, < %424, Determine the resultant moment of the forces about
W point P, Express the result as a Cartesian vector.

Fy={-501+ 20j + 40k} N .

A
Iy={80§- 40§+ 60k} N 2
i : 6m
y 5
0 ft : 2m L
: 4m
3m
- / 0 /

— y
4m VLT Im 7/
!
2m l x/
o
A
Jofo = -3i-4) v 2k
Prob. 2-89 Mgy = ‘:B/o" Ez

Probs. 4-23/4-24

\ o~ >
*4( 4 The pole is held in place by three cables. If the force of

cach cable acting on the pole is shown, determine the magnitude 3-51. The cords suspend the two buckets in the equilibrium po-
and coordinate direction angles «, B, v of the resultant force. Set sition shown. Determine the weight of bucket 3. Bucket A has a
x=4m,y=2m : weight of 6O Ib.

Prob. 3-51
Prob. 2-96

. .
1

2-113.  The two cables exert the forces shown on the pole. De-

termine the magnitude of the projected component of each force

acting along the axis OA of the pole.

|

' .
3-53. The bucket has a weight of 20 1b. Determine the tension
developed in each cord for equilibrium.

3]

Dwenh KRR
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162 CH. 4 FORCE SYSTEM RESULTANTS

4-121. Replace the three forces acting on the plate by a wrench.

plate.

~a Fo= {150§IN

A Fpy= {~400i}N
I, = {250k)N

Prob. 4-121

Specify the force and couple.moment for the wrench and the point
P(x, y) where its line of action intersects the plate.

Fc= {40k} b

x

Fp=(~60j) Ib

Prob, 4-122

Specify the magnitude of the force and couple moment for the
wrench and the point P(y, z) where its line of action intersects the

4-122. Replace the three i'orces acting on the plate by a wrench.  *4-124,

4-123. Replace the two wrenches and the force, acting on the.
pipe assembly, by an equivalent resultant force and couple mo
ment at point O,

<.
IVISON-m

Prob. 4-123

The three forces acting on the block each have a magni-

tude of 10 Ib. Replace this system by'a wrench and specify the .
point where the wrench intersects the z axis measured from
point O. ‘

=

Prob. 4-124
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2-110. Determine the angle 0 between cables AB and AC.

2-111. - If F has a magnitude of 55 Ib, determine the magnitude

ol its projected component acti

ng along the x axis and along.
cable AC. o

31t

e 8 —s

— 521y
‘l %&I:?:!C

1211

e

; x  Probs. 2—-110/2-111
i
|

*2-112.  Determine the angles 0 and < between the axis OA of the
p()lci and cach cable, AB and AC.

o
-

2-114, - Two cables exert forces on the
nitude of the projected component of I,
Fy..
2-115,
to the pipe.

pipe. Determine the mag-
along the line of action of

t
Determine the angle 0 between the two cables altached

Fy=301b

Probs. 2-114/2-115 ' (-

*2-116.  The force I = {25i — 50j + 10k} N acts at the end 4 of
.4 the pipe

assembly. Determine the magaitudes of the components

: e <5 Iy and I, which act along the axis of AB and perpendicular to it.
"4-25. "The cable cxcits a 140-N force on the telephone pole as | B

shown. Determine the moment of this (orce .ul the ba:.sc? A of ‘llhc.
pole. Solve the problem two ways, i.c., by using a position vector
from A to C, then A to B.

[

* Prob. 4-25
e Béo‘i + wo}
feip = 24-3)-Lk
({"B 37

n"’b 3 %J\ - %J‘— L/7'l'. 2) E = bot »‘-LOI ~lwk.

qp OY
\)& 3

> ! (O,Q.é)

y

Prob. 2-116
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164 CH.4 FORCE SYSTEM RESULTANTS

p=px)

dF

l W= W)
dA
Ly

b Tig, 4-51

Magnitude of Resuliant Foree. From Eq. 4-19 (Fr = ZF), the mag-
nitude of Fy is equivalent to the sum of all the forces in the system. In this
case integration must be used, since there is an infinite number of parallel
forces dF acting along the plate, Fig. 4-51b. Since dF is acting on an element
of length dx, and w(x) is a force per unit length, then at the location x,
dF = w(x) dx = dA. In other words, the magnitude of dF is determined from
the colored differential area dA under the loading curve. For the entire plate
length,

+ | Frp = 3F, Fp= f w(x) dx = j dA = A (4-21)
1. A

Hence, the magnitude of the resultant force is equal to the total area under the
loading diagram w = w(x). i

Location of Resultant Force. Applying Eq. 4-20 (Mg, = SMo), the -
location ¥ of the line of action of Fx can be determined by equating the .
moments of the force resultant and the force distribution about point O (the
y axis). Since dF produces a moment of x dF = x w{x) dx about O, Fig. 4 '
51b, then for the entire plate, Fig. 4-5lc,

r‘—l-Ml\’,, = EM(); :\—'FR = J X H’(.\') dx
L

Solving for X, using Eq. 4-21, we can write

J x w{x) dx J X dA
—_ YA

J w(x) dx j dA
. 1. A

This equation represents the v coordinate for the geometric center or centroid
of the area under the distributed-loading diagram w(x). Therefore, the resul-
tant force has a line of action which passes through the centroid C (geometric
center) of the area defined by the distributed-loading diagram w(x), Fig. 4-
Sle. . ' :

Once Xis determined, ¥y by symmetry passes through point (¥, 0) on the
surface of the plate, Fig. 4-S1d. If we now consider the three-dimensional
pressure loading p(x), Fig. 4-51a, we can therefore conclude that the resul-
tant force has a magnitude equal to the volume under the distributed-loading
curve p = p(x) and a line of action which passes through the centroid (geo-
metric center) of this volume. Detailed treatment of the integration techniques
for computing the centroids of volumes or areas is given in Chapter 9. In
many cases, however, the distributed-loading diagram is in the shape of a
rectangle, triangle, or other simple geometric form. The centroids for such
common shapes do not have to be determined from Eq. 4-22; rather, they can
be obtained directly from the tabulation given on the inside back cover.
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170 cH.4 FORCE SYSTEM RESULTANTS

4-130. The column is used-to su
force of 3000 1b on the top of the column. The eff
sure along the side of the column is distributed as shown. Replace
this loading by an equivalent resultant force and specify where it
acts along the column measured from its base A,

fect of soil pres-

3000 1b

Prob, 4-130

o “J"P‘J’ic Irpe ok aniy p3an
4-131.  The distribution of soil loading on the bottom of 3 build-
ing slab is shown. Replace this loading by an cquivalent resultant
force and specify its location measured from point O,

o ' © 30016
T 12— -‘—fo—~9n —]

' \

Y

Az Sn(so)ucs 5 !

) SR 300
| eogre( R )=usy R S T As
|

pport the floor which exerts a *4-132,

&th

Replace the loading by an equivalent resultant force and
couple moment acting at point O,

7.5 kN/m

20 kN/m

Prob. 4-132

4-133.

pinat C. '

' "T17800 W/t
{-\ 15 ft \——’\ 15 ft—

' A—-%h(ad::)
- Se=d (Batbyn

Prob. 4-133

> £9(400) <180

Replace the distributed loading by an equivalent resul-
tant force, and specify its location on the béam measured from the :
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178 CH. 5 EQUILIBRIUM OF A RIGID BODY

Table 5-1. Supports for Rigid Bodies Subjected to Two-Dimensional Force Systems

Types of Connection

Number of Unknowns

One unknown. The reaction is a tension force which acts away
from the member in the direction of the cable.

One unknown. The reaction is a force which acts along the axis of
the link.

One unknown. The reaction is a force which acts perpendicularto
the surface at the point of contact.

confined smooth slot

One unknown. The reaction is a force which acts perpendicular to
the slot.

One unknown. The reaction is a force which acts perpendicular to
the surface at the point of contact.

smooth contacling

One unknown. The reaction is a [orce which acts perpendicular to
the surface at the point of contact.

&
member pin connected
to collar on smooth rod

One unknown. The reaction is a force which acts perpendicular to
the rod.

e L e T et
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R it PR SEC. 5.2 FREE-BODY DIAGRAMS 179 §

Table 5-1 (Contd.)

Types of Connection Reaction Number of Unknowns

8) F
¥ g : . . .
! Two unknowns. The reactions are two components of force, or the : Bty
or / magnitude and direction ¢ of the resultant force. Note that ¢ and 0 : i
F o arc not necessarily cqual [usually not, unless the rod shown is a F H
X
L

link as in (2)]. e

. “ K3

/(<;,\\>x Two unknowns, The reaction$ are the couple moment and the
Ay

~op

F M

%‘i’ém 2
NR P00 \
- smooth pin or hingd

force which acts perpendicular to the rod. -

member fixed connected
to colar on smooth rod

: . R
C(10) e
o ¥ :

Three unknowns. The reactions are the couple moment and the
two {orce components, or the couple moment and the magnitude

and direction ¢ of the resultant force. ‘ 3‘}%

fixed support

Support Reactions. Before presenting a formal procedure as to how to ¥ Z .
i draw a free-body diagram, we will first consider the various types of reactions f i
i that occur at supports and points of support between bodics subjected to co- %l

planar force sysltems. Y

The principles involved for determining these reactions can be illustrated (b) i
by considering three ways in which a horizontal member, such as a bcain, is ¥ : g;
commonly supported at its end. The first method of support consists of a : %
roller or cylinder, Fig. 5-2a. Since this type of support only prevents the Fig. 5-2 o
beam from translating in the vertical direction, it is necessary that the roller
exetts a force on the beam in this direction, Fig. 5-2b.

The beam can be supported in a morc restrictive manner by using a pin as
shown in Fig. 5-3a. The pin passes through holes in the beam and two leaves
+ which are fixed to the ground. Here the pin will prevent translation of the
beam in any direction ¢, Fig. 5-3b, and so it must cxert a force F on the
beam in this direction. For purposes of analysis, it is gencrally casier to
represent this effect by its two components F, and F,, Fig. 5-3c. % ‘ : i
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Weight of truss. "«
assumed negligible
. compared with P £=

2 Cantilever beam L

T

. "Massm

e

3. Beam ;-

'Smooth _s-‘.urface_:.:_ e
~ contact at'A.”
~Massm. |

4. Rigid system of interconnected bodies.
analyzed as a single unit - S

neglected

" Weight of mechanism.
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t  5-29. Determine the support reactions on the beam.
R 3 kip/ft
2 kip/ft P 2 kip/ft
. LT
fo k"l N = - § B A
‘l A LTy
e 600 kip- ft l 57\ 60°
| oK | | C AR
A (6] é 12 ft | 12 fi |
7 7 ' (!
{__ S _Lg ’\__ 10 _...l,...._ 10 —-—‘ Prob. 5-29
Determine the tension in cables BC and BD and the reactions at the "
ball-and-socket joint A for the mast shown in Fig. 4-28a. :
|
"SOLUTION (VECTOR ANALYSIS) \
:Free-Body Diagram. There are five unknown force magnitudes shown - ‘
on the free-body diagram, Fig. 4--28b. !
Equations of Equilibrium. Expressing each force in Cartesian vector
form, we have /
F = {~1000j} N /

Fa=Ad+Aj+AKk

T¢ = 0.707Tci — 0.707Tck T

Ty =T, (:"l) = —0.333Tpi + 0.667T,j — 0.667Tpk
BD

* Applying the force equation of equilibrium gives
ZF:‘O; F+FA+Tc+TD=0

“ (A + 0.707T¢ — 0.333Tp)i + (—1000 + A, + 0.667Tp)]

+ (A, — 0.707T¢ —

Y 0.667Tp)k = 0
U SF = 0;

A, + 0.707T¢ — 0.333T, = 0 (1) }
L3R, =0 Ay + 0.667Tp — 1000 = 0 () © i
SF,=0; A; = 0.707T¢ — 0.667Tp = 0 ©) , |

,_;E‘;-Summing moments about point A, we have

IM, = 0 rp x (F+Tc+Tp) =0

6k x (—1000§ + 0.707Ti — 0.707Tck

‘ —0.333Tpi + 0.667Tpj — 0.667Tpk) = 0

> Tc 5707N TD: ISDO'\]
A)(=ON Ag:ON A,Z:: | 580N

;;-_'t-Evaluating the cross product and combining terms yields ﬁ ~alo feim AR lan  Ciame 'yon
S Jl CN 10,

L, Ol e am) o il mle b o) pes
’ »3A "wa"an N )(B » ik A-»
o 4.24Tc ~ 2Tp = 0 ) N o /Y (SN Jinion

The moment eqvation about the z axis, =M, = 0, is automatically satisfied. j
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210 cH. s EQUILIBRIUM OF A RIGID BODY

. ports are properly aligned when connected

allowed to rotate freely about any
ball-and-socket joint, ,

It should be noted that the single bearing supports (5) and (7), the single
pin (8), and the single hinge (9) are shown to support both force and couple-
moment components. If, however, these supports are used in conjunction
with other bearings, pins, or hinges to hold the body in equilibrium, and’
provided the: physical body maintains its rigidity when loaded and the sup-

to the body, then the force rege.
tions atthese supports may alone be adequate for supporting the body. In’
other words, the couple moments become redundant and may be neglected on
the free-body diagram. The reason for this will be clear after studying the exam.
ples which follow, but essentially the couple moments will not be developed
at these supports since the rotation of the body is prevented by the reactions
developed at the other supports and not by the supporting couple moments,

axis, no couple moment is resisted bya

Supports for Rigid Bodies Subjected to Three-Dimensional Force Systems

Table 5-2
Types of Connection Reaction Number of Unknowns
F
One unknown. The reaction is a force which acts away from the
member in the direction of the cable.
cable
2
! One unknown. The reaction is a force which acts perpendicular to
the surface at the point of contact.
'x(‘b ML aNo
smooth surface support F. P""“j‘" W‘FM‘- 92080 ply

nbel §impa 21 s —poanf M
\ \

3)

One unknown, The reaction is
the surface at the point of con

a force which acts perpendicular to
tact.

ball and socket

Three unknowns. The reactions
nents.

are three rectangular force compo-







Table 5-2 (Contd.)

SEC. 5.5 FREE-BODY DIAGRAMS 211

Types of Connection

Reaction

Number of Unknowns

(6)

single journal bearing

Four unknowns. The rcactions arc two force and two couple-
moment components which act perpendicular to the shaft.

Five unknowns. The reactions are two force and three couple-
monient components.

Five unknowns. The reactions are three force and two couple-
moment components.

“Five unknowns. The reactions are three force and two couple-

moment COl]'I[)()l’ICHlS .

Five unknowns. The reactions are three force and two couple-
moment components.

(@)
Singlc sm()olh pin
()
éinglc lﬁnge

9
1
L]

(10)

fixed support

Six unknowns. The rcactions are three force and three couple-
moment components.
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- size of the collars at D and B and the thickness of the b::c:mw!

determine the horizontal and vertical components of forog z»it“
pin A and the force in cable CB. ‘

boom - "eyon (1w
collowr - ')LT’D ,)’O

350N

4-69. The boom supports a load having a weight of W =]

850 Ib. Determine the x, y, z components of reaction at the ball-
and-socket joint A and the tension in cables BC and DE. ‘

Tee= 721 b Az= .21 "‘P \
4~70. Cable BC or DE can support a maximum tension of 700 Ib!
before it breaks. Determine the greatest weight W that can be Sus-i
pended from the end of the boom. Also, determine the X, ¥, zi

components of reaction at the ball-and-socket joint A. b

Z A,‘j'_ Soo‘b

Probs. 4-69/4-70

5-50. Determine the intensity w, and w, of the trapezoidal load-
ing if the supports at A and B exert forces of 4 kN and 4.5 kN,
respectively, on the beam.

W, = 163 "&N/m

ALN PR

ToMo. LUC 1IED AS @ WEIGNT Woand stands at the center of the
plank. If the planes at A and B are smooth, determine the tension in
the cord in terms of W and 6.

4-33. The crane lifts a 400-kg load L. If the primary boom AB |

“has a mass of 1.20 Mg and a center of mass at G, whereas the

secondary boom BC has a mass of 0.6 Mg and a center of mass at
G, determine the tension in the cable BD and the horizontal and
vertical components of reaction at the pin A.

Crane - yMeY

baowm ~ ION Cin ><3m ‘ ’
Tyor 7h.8kn m > (
’)

O,

- #5-96. The stiff-leg derrick used on ships is supported by a ball-
and-socket joint at D and two cables BA and BC. The cables are
attached to a smooth collar ring at B, which allows rotation of the
derrick about the z axis. If the derrick supports a crate having a
mass of 100 kg, determine the tension in the supporting cables and
the x, y, z components of reaction at D.  +
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