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++ Statics deals with the equilibrium
of bodies, that is those that are
either at rest or move with a
constant velocity .

Al ol ¢ alual) ()5 ae Jalay el

i 5l el A 8 L) o
A Ao

+* Where as dynamics is concerned
with the accelerated motion of
bodies.

albaa D de judiall 4 jall algd eluailall Loy
Al dany Y il dpadilell dadal)
LAl Al
+* We can consider statics as a
special case of dynamics, in which
the acceleration is zero .
o oala g Ll il o e ) LSy
it sl A el L )5S0 5 laanal
. oa 0 £ bl

% Particle( ;=) : A particle has a
mass, but a size that can be
neglected.

A5 iy AlLad] LiiSay dana (1 S )
Ad ga gl sl

particle ®
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** Rigid Body ( Gl sl (oulad) auall): O Units( <lasgl) :

Com.bina.tion o.f a large numk?er of 1- Sl units : (Ss <Y1 Al

particles in which all the particles i

remain at a fixed distance from one 2-US : (Sl ) alail

another, both before and after

applying a load. This model is Name length  Time T S

important because : the body’s shape International meter  second  Kilogram

does not change when a load is penatlos S ke N

applied, and so we do not have to ( ’S:m)

consider the type of material from US.Customary ~ foot  second pound

which the body is made o . . "

gen b A0 AN Gl el e juS 2o (e
Ji ¢ Gl lgazs (e 400 ddluse e Sy )
Saall Gkt aay

¥ AL ¢ Jaall ket die anall JS5 juahy Y
el Lgie 0 oS5 Al Balall & 53 (8 Hlaill Lide (e

Rigid-body (continuum of particles)

+» Concentrated Load : Represents the
effect of a loading which is assumed to
act at a point on a body.

Jazy () (it A Jpanil) il 3 3S all 5 g8l Jis
aall e e ddals 2

AL E 3D

e SN

+»+ Distributed Load: A load applied
across a length or area instead of at
one point.

_8aa) g Akl (e Yo dihaia gl Jgh tes 8l Ll
&I Al Al (8 Juadilly 4a ) Gl

*Derived unit.

» Table 1-2 provides a set of Direct
conversion factors between FPS and
Sl units for the basic quantities.

g o J Canas Cpallail) e s gl gt L
o WS Adiia Cilaa gl (68 G el Jay
o Sl GV 5 daldaiall Colas gl ¢ S5 Ladla Balall
b alall QL (e Jad Jgaal) 138 laiaY) 8

Cila sbeall 038 o jad () elile aniga ol <1

Unit of Unit of
Quantity Measurement (FPS)  Equals Measurement (S)
Force b 448N
Mass slug 14.59 kg
Length ft 0.3048 m

» When a numerical quantity is either
very large or very small, the units
used to define its size may be
modified by using a prefix .

¢ 13a 3 yurea o) 13a 5 € Al ekl () oS5 Ladie
[PREENRPLERA PR ERAVON | [YGHRENGA g FRES PR
Aalee S8 G K3y cillual) 8 Lgaladin) A geud

e 4000 N = 4kN
»  4000000N=4*10° = 4MN
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U Example. Convert 2 Tm to ? ,

Exponential Form Prefix SI Symbol f
) t . .
Muliple ( ‘ How many — is this?
1 000 000 000 107 giga G S
1 000 000 106 mega M
1 000 103 kilo k W LA i< s ] \ S# “f
Submultiple EI o J - d‘ ‘ \& ‘.-.’-‘Q Y
0.001 103 milli m .
0.000 001 106 micro n Jagd LAy b
0.000 000 001 10~ nano n e

+* Rounding Off Numbers : As a general

rule, any numerical figure ending in a
number greater than five is rounded
up and a number less than five is not
rounded up .

O i salall o2 dgle Sl g ol Y1 oy
ol Al 5 i e Gl yiad 4 Hie ililaY) ()5S

O e Gl 5ha ) BB Y1 eda i oy i

9.3866 =9.39
(9 s 8 Juad A 5 (e ST U (8 )
1.341=1.34

(2 WS a4 Al 5 e J8 i) a8 )
3.5587 = 3.56

(6 s 5 Jaai AN 5 (ha ST L 8 )

2km/( 1000 m 1 K
2l g < ket ><36005>

2000 m
= = (0.556 m/s
3600 s

0.956 m | ft
S 0.3048

= 1.82ft/s

0.556m/s =

Note:
1km=1000m
1 hr=3600s
1ft=0.3048
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Force Vectors 17

Chapter Objectives 17
2.1 Scalars and Vectors 17
2.2 Vector Operations 18
2.3 \Vector Addition of Forces 20

2.4 Addition of a System of Coplanar
Forces 33

2.5 Cartesian Vectors 44

2.6 Addition of Cartesian Vectors 47

2.7 Position Vectors 56

2.8 Force Vector Directed Along a Line 59
2.9 Dot Product 69

++ Scalar (A) : A scalaris any positive or
negative physical quantity that can be
completely specified by its magnitude.
OV TR PO PO TR0 PN W
)l dua e JelSIL Laanaas

» Examples of scalar quantities include
length, mass, and time .

L gl 5 AL 5 Jphal) Gl LSl Aial el |

+* Vector (A7) : Any physical quantity
that requires both a magnitude and a
direction for its complete description .

Leia ol btV 5 il e SIS bl Aol 43S (4
ROALS

> Examples of vectors encountered in
statics are force, position, and
moment .

el s adsall 55 8l o Cilgaiall o AL

* Avector is shown graphically by an
arrow.

e sl 3 Ly Al jelay

* The length of the arrow represents the
magnitude of the vector .

* The angle 8 between the vector and a
fixed axis defines the direction of its
line of action.

il e pgdl J gk e

ol o jad Sl ) saall 5 aniall G 6 ) N
4l

* The head or tip of the arrow indicates
the sense of direction of the vector .

oy ol sl Al sladl ) agadl (sl 5 ey

I.ine of action —

1 - —
\<—>\ Head g . )/
P

A
X
Tail 2!“
)

(&

*

L)

» Multiplication and Division of a Vector
by a Scalar.

Cdlaed e clgatidll dad g o pua
* If a vector is multiplied by a positive

scalar, its magnitude is increased by
that amount.

L)

A3 ddad b i ge e O andall i 1)
23l dad i,

* Multiplying by a negative scalar will
also change the directional sense of the
vector and its magnitude is increased
by that amount.
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** Vector Addition :When adding two
vectors together it is important to
account for both their magnitudes and
their directions.

» To do this we must use the
parallelogram law of addition or
triangle rule .

J\Js.a ‘_“J\ ah.uY\ 5-@.43\ e u.u.ur.ml\
u&dﬂaﬁuf'dhe%)ae—th&“é{‘des
- Jaall Jrails (Y agania s o s g

2y ladie

» As a special case, if the two vectors A
and B are collinear .

Aaliiny) Guis e 1S3 1 aaadl (e dald Als
el lae 2T CAS i g

4aidll 1) ga Jad P "
Xl Il A0 i) i

LRSS

ui 9 i s Jsdmise BN
J aaidl Parallelogram law
(a) (b) (c)
A A B
R
R
B A
B
R=A+B R=B+A
Triangle rule Triangle rule

(a) (b) (c)

J s sebad e a i (age sl el ))Aaie JS (e
s ciab.a adagy Chasa Q:J\_“db 5 ‘fﬂﬂ\ Aaaiall

el adais) oY) Cpngaiall o) ALas (pa o
Al eyl adass ) das aas (IS

G55 llin ) I iyl ki o A0 44y

g

- e

Al 45kl 8 L it W JSa Y1 A8 k)
. dadd aa) g Euliia oo UK Ll
aniall g g o s Liild Aaliiua) (i e ) 5ilS )
s aniadll (ol (e dnia g o 5035 4l (e (SU
@m\ﬁjﬂ\‘éﬁ@ayﬁus

R

o :'
A B

R=A+B

A+B=B+A : Aadl

1) (it b datia (e ST LD S A B

Aniall gany o s ¢ lgaio GG Ll of (g il
o LS Ll ) &5 lgaiall Slalit Aaia L
. @m\a‘)}aﬂgzg@aﬁ

Fr=(F1+F2)+F3
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% Vector Subtraction : " g gy L ol Sl L JU-”(Z
The resultant of the difference between Ay A (Oulida e o (ol 4
two vectors A and B of the same type..
b Al &) S paall 3 lalialed 28 3l 4, Ll —
kb CABNERY) iy () bl kL =
= PP = =} P

Bl e daie JS b iy pan Aol A a4 yiiad
o) uSad cllal = Jhal) (B ) LSt 4l J AY)
L aai & ey Al alaie) Jers LilS (gl A 4aidl)

(o5 aaliil) ddads & gaa Ul 5 anie JS1 5 )l 54
- adalal) ddads J dad aai 6V adall) dads

Lasd 4450 A%y ghal) g i W () S A gY) ARy yhat)
Cpall Ala Ll LS a5 il

R=A-B=A+(-B)
) b
A \/
L P

°w0‘$"'w Parallelogram law

UM&M‘L&;\)A@A.\“JQM;M\J.@LA .
la S e 2 Vs ALY a8 las dalgll Ll
AT PRV

Laa 5 & Sl sladiall SGls/ i) (1
pfne bad e 58 ) sladie Gy g)
. A 0180 Legild & sana

.42 0180=4 * +1¢

.42 » 180=3 # +2 ¥

Triangle construction

S

Laa 5 » doluiall L) g il) (1
._-,—“‘QL’—‘-‘ q-‘-u}‘)JS
Q_.)jaaj\ J;\J q\_’_q_))

OlasBhcaal) (s 1D)
T Ol ssa

G F =4 F

5 ¥ =3 F
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AN I
i c h (hypotenuse) o (opposite)
0
b B

a (adjacent)
a > RN, - . o
A B C Sne =
e
cos @ — —
h
o
tan & — —
e

Cosine law:
C=VvVA?>+ B> —2AB cosc

Sine law:
A _ B _ C
sinag sinb  sinc

Ol gluia Cpiililiia Gy gl 5 JS

K]

\'LQ 60°

60° 120°

42,2180 &liall Ui g) £ sana

L) Q) ok (o clalal) da Ui

CAsIO

NATURAL-VPAM.

Mode-
Setup

Jaal A1 el
Gy AP |

cAsIO

NATURAL-LV.P.A.M.

v
1:COME  ZiCHMPL#
SISTAT 4:iBASE-N
SiEGH SiMATRIA

| F:iTAELE S:vECTOR

CC DD
1]
a..u@q
DDV
DVDOVDD
()88 EDE

nnnnnnnn

caAsio

NATURAL-L'P.AM.

1: anE+br''=Ccrn
21 and+bnY+onZ=dn
S anZ+bE+c=0

‘ a1 aR3+bRE +Cr+od=0

)8 @
()]
WEOIO0
0BT




U Example2.1: The screw eye in is
subjected to two forces, F1 and F..
Determine the magnitude and
direction of the Resultant force ? .

Cad il Glaial) 8 sl A aa) an ) 43 )l s diadle O
Ak dla oY el Qlla 13 Y) Lealadin) e | jiaa

DAY 4l J ) se ot dnie IS e an i1 A 5kl O
Adaii (s dad e i ey Al adal Ay sy ()
Alaaal) 3 gall () 55 o8 5 Al aa (NI adalill

Il aaidl Jg ) i il

A ) plid) At

J

360°-2(65)
= 115°
5

100N 4t J 3 ge s g

Ao ) A

90° - 25°=65°

L8 0585 O cona Ll g 1) (A ol jlea o ) 8 gladl)
L saling (b sas ) Ciladal) oany (je Liaas il

& Ceaiall G g sl 3l 5 90 A ALalS dyg) )
90-(10+15) =65

5 Yl (55l sia L) g sena 2 dald Adiadla
O glmia (e (4351 5 JS 5 360

sty o Al il gl a oda 3 ABIEY) 5 gladl)
fonLal 13 8 Lealadin

Al 550 A8 Calid) (S Y ol o g

pSalad S IS5 Lealading) al g Jas daga (il 58
pedain 5 Laily agy alaiuy)

A L= e
Fa) Fr §
—
Cosine law:
— =~.AZ + B — 2.AFR cos c
Sine law:
e | S = — L

sSim « simn H sin o

L)) A ol Alanall 56 Al 3 agaladind) oy
Ay pa o

150 N

o

-
‘b/
2. —— 100 N

v

<)

Fy = V(I00N? + (150N - 2100 NYIS0N) cos 115°
= V10000 + 22,500 - 30 000(-04226) = 2126N
= )13N

¢ LA (il 68 aladin) &5 Aduasal) 3 gdl)

axiall 5 J oY) Aniall (8 ) geanall A gl 3 plas
|
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Applying the law of sines to determine 6,
50N 2126N » 150N 615
—= sinf = ———(sin v v
g sinl15 26N W2 AN
g = }980 180 — (60 +45) =75’ 105° Fr 105°
Thus, the direction ¢ (phi) of Fy, measured from the horizontal, i N5
20 105°

0=308+ 150 = 4§

Al 5 Abasal) 8 g8l Aualdd) 4y g3 sl & 58
RGN T P JPREGNE R PIE

al alilaal) 4 ) 3 Caymi g J oY) Aniall lada Cojas
o s Al AL Ay sl 50 5 Alanall 3 gal) laia o yai s
)0 Jlate G yas W LY AN Aaial) dag 220
C 4l allad)

Oady Gliall add Al Alalall 4yl 1) dad Lisa
Sl jsaa Juad O () ALalS Ay g0 30 2 53
Jadalall 450 50 ae da 52 15 aead A e gal)
Calidll

O F2-1. Determine the magnitude of the
resultant force acting on the screw eye
and its direction measured clockwise
from the x axis ?

J )0 bad Ania JS (e i 1 A B ghadl)

o (e Al adals ddass sy () ) DAY asidl)
o2 5 AN e (I gV adaliil) Adas oy Jad Juaad
sl 5 68 <o

B8 ()55 ol g Ll 3l B o Jlga 3 Al 5 ghadl
e saling Gy ) ) mns e Wiaal il

- AN 5 ghadl)
¢ LA 13 8 el il T g 1) () o20
Al sl a8 i) ()5S Y ()l da

i) oSileb S U Laldiad w5 1an Aaga (i) B

. (QQ_ESAJ LA:"J eﬁ
A = V=4
> Fir ]
P
Cosine law:
=~ AT + BT — 2.A8R cos c
Sine laws:
A R - _ «

SI1TY «F sim o> SIiTL O

Fr= RN+ (6 KN - (2)ZRN) BN - cos{ 105 =

6.80KN

sar | ol ) sin{ 105

G kN G680 KkIN

i = S8

e — o+ 45 = 103
05° Fr
2

Jaad) lla 1388 43 caa gal) ciliswd) ) gaa (el
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U Proplem2.3 : Determine the magnitude
of the resultant force Fr = F1 + F> and its
direction, measured counterclockwise
from the positive x axis ?

Note :

Counterclockwise : 4slull @ lis (use

¥

/7 = 250 1b

J s se bt anie IS e anyi 1 A gY) 3 ghadl)

A ey Al adali ddads Chasy of ) DAY 4aidll
238 5 Al ae (A 3V adaliil] ddas (pyy Jad Juad
lasall 568 o s<s

1 adal®il) Adads
A e I AL adaladl) Ak

B,
Fs= 25048
a - A
’> Fa
”
=~ =375 U

60+45

L3 “
75“¢“
.

g3l ) (B el Gany 1 Al § gl

360—2%(45+60)
2

=75

s N 5 gbil
Ll g ill g Ueanall 5 4dlf Aoy ClLial) il o8 Al

Ly Loals))
Fr=393.2
9 —_—
375 757 250
303 2 - 250
sin /5° sin &

@ =37.89 +45+ 180 + 90 = 352.89

Y i gl sl gaa ga gl 985 O e
Sl Al

10
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U Example2.3 : Determine the magnitude
of the component force F in and the
magnitude of the resultant force Fr if Fr
is directed along the positive y axis ?

200 1b

iandl 5580 dagd dlay) Jhsad) 138 e alladll @
Loy J8 (ge Lidie ) LS ot BN asiall LS
Gl Lalas (33 (S5 Agladl 8 Gl dpmaa 5l il )
ST 5aY1 0 s et g AN ALY 8 e

RESEYI

J s se bt anie IS e anyi 1 A gY) 3 ghadl)

A ey Al adali ddads Chasy of ) AY) 4l
oM;@N\@&jy\c&w\&M%hd@
lasall 5 68 o s<s

sUaza daglxa =

Nsad) (2 A adal@st) ddads

oY) adalasl) Adais

Ll alag) (Bl jlgall Gany 1 A 8 gladl

90-30 €16

dadlll s

- AENAY 5 ghadl)

¢ 13l (ALY ¢ N Gadll g Ul (il 8 ardiug

S gL L) SUA Clgaial) Ao ellas Y LY
4 sllaall e glaall JalS aad ST 4 ga adlaty Liad

Cosine laws:
C =+V.A7 + B — 2ARB cosc
Sine laws:

~A V] _ [y

sina  sin b sin o

c)

200 1b

F 2001
sin60°  sin45°

F=2451b Ans

e 2001b
sin75°  sin45°

Fp =213 1b s

11
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U F2-3 : Determine the magnitude of the
resultant force and its direction
measured counterclockwise from the
positive x axis ?

)%

800 N

600 N

8=30+0

J ) sehad ania JS e au i AV 35bdd O
40U adals ddats Caaay ) ) HAY) sl
e VoY) adaliil) Aad g Jad Joal 5 e g

dlianall 3 gal) ) oS5 s2a 5 4l

a5 sl b il gl (g 3 A 5 kAl O

FR

800

600 600 9=30+®

- 43N 5 ghadl) O
dliasall 3 gl alayy GUR i) B andi

Lo dualall 4 5 51
Fr=721.2=
V6002 + 8002 — 2 * 600 * 800 * cos 60
721.2 800
sin60  sin
6 =739

@ =73.9—30=43.9

U Example2.4 : It is required that the
resultant force acting on the eyebolt be
directed along the positive x axis and
that F2 have a minimum magnitude.

Determine this magnitude, the angle 68
and the corresponding resultant force ?

: Lgd oLyl alle 45 S8 2 I

5 sl il gaall e dlasd) s 8l G Jlgall J sk
Aad JB1 065 Ol Ly yis A sae 4l 5 8l A o J s
¢ Laal 1 giaty of L asa

S|00 N

Fy

| S5

J s s bad ania IS e i i 1 (A gY) B ghadld)

& ey Al adals Aati Casy o ) AY) asial)
o3 5 Al ae (V) adaliil) Adats (yy o Juad
dlaaall 5 gil) <5

I, = 800N

/

i)l il

\ Al ool o

il ¢ 3l US jig g slall ¢ jaldl Lida] sl L
znaa LaadlS

6 = 90°

12
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90 Al ) 5SS Ladie (o J8) N aniall A (55
CAailE )

DS e G A5V B dalaty Ll gl

sl 48 5all o Agad) 48 yal)

A 5 58 a dgaliall) A4S yall

Fr = (800 N)cos 60° = 400 N
F, = (800 N)sin 60° = 693 N

Note : alaill cus (198 alii 439031 L Jaa

QO Prop2.31 . If Fs = 3 kN and 6 = 45/,
determine the magnitude of the
resultant force of the two tugboats and
its direction measured clockwise form
the positive x axis ?

J ) s bad daie JS e amyi 1 gV 3 ebdl) O
AN adals ddais sy o ) AN aaidl)
e oY) adaliil) Aads g Jad Jaal 5 e g

dluasall § g8l ) <5 oda 5 A

&=z Kk

R

e=3 KN
a3l eyl (B ol jlgal) (g ;A 3 skl O

s Al daada
360 s» g3 (53l sie Ll s & sana

O gluadia (pililiia (45 5l 5 S

Fr= V22 + 32— 2(2)(3) cos 105°
= 4.013kN = 4.01 kN
sin « sin 105°

- — 46.22°
3 4013 “«

¢ = a — 30° = 46.22° — 30° = 16.2°

G gall i) ) gaa J Alasall 5 681 (pa Aol ) &8

13
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O Prop2.10 . Determine the magnitude of
the resultant force and its direction,
measured counterclockwise from the
positive X axis ?

S00 1b

500 1b

axiall J (550 50 ok dnia S (e ana i 3 A6V B gadd)
Ombd Jaai i (e g A adal ddadi sy o ) AY)
Aasal) 5 g8l ) 5S3020 5 300N aa I $Y) pdaliall A

8oo b

g3l ) (Bl gl (pzny 1 AN 5 el

e

Fo = VSO0 + 500 D(800)500) cs 5° = 97046 b = 9801

sin 957

sin 8 :
979.66

500

¢ = 50° — 30.56% = 19.44° = 19.4°

e gal) i) ) gaa J Adeaaall B g8 (ha 4590 30 2 4

U F2-2 . Two forces act on the hook.
Determine the magnitude of the
resultant force ?

200 N

\ 500 N

Aaiall J (g )l ga bad Aalia JS (e paa i 1 (A 9Y) B gladl)
b Jual 4l (e g Al adalis Ada dany of ) AY)
Lﬂgﬂah\;@lﬂ\@u{gs’\ éhliﬂ\;\.hlnuy
Aaadl)

200

. 500 Fr .,

360-2+(40) _

140

V2007 + 500° = 2(200)(500) cos 140°

= Hbh N
dsalle glaa oo 5 le S oY) olialad 48 La (S
Lad dgalle Cud ) glacall cuils Alla 48 oS8 g
T ¢ g Jaladl) A Lag Sl
Las g fasall 5 (o) 581 i (pa Agiliiia ) 5aY)
abriia Ui alad Ay Gilldaa & aa ) Uil cull
i e aia¥) Ay gl g gl A8y ok
llalf Jla b dadiiodd GS1 an ) aladia) o
A &g (s g Al alina oY

f IIH

14
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O Example2.2 . Resolve the horizontal
600-1b force in into components acting
along the u and v axis and determine
the magnitudes of these components ?

1205~
\30° |
=
600 1b
Use sine law :
Bl LS ya a3 B GAN a3 (a1 JAgY) Bebdl O
assﬁjmngg.ig’,@,@\#u\‘;a o B 600 1b
Ll s B §
Lglhaall jgaallad uandv O F, = 1039 1b
. F, _ 600 Ib
Fv sin 30° sin 30°
600 F, = 600 Ib

[H P RNPRLA PRI

Ll gl A dasual) &) jlgeal) (amy 1Auilil) 5 ghadl)

180-60=120

15
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O F2-6. If force F is to have a component
along the u axis of Fu = 6 kN,
determine the magnitude of F and the
magnitude of its component Fy along
the v axis ?

5 501 LS o 85801 53 (o 1 (1 6¥) 5 gl
cliSay g 2l g ¢ (IS5 4y sthal) ) glaal) o
LASAAU&EAQ&%@QAJZ\.\AISM}\MJ

FlJ
360 —22(150) _ 10
sin (S0 sin{ 105)
F N G kIN

Fr=3.11 kI~

sind 105)
G ke IN

Fo. = 4. 39 kN

O F2.4 . Resolve the 30-Ib force into
components along the u and v axes,
and determine the magnitude of each
of these components ?

u

5 5 S 3 3 5581 13 s (1) 5 5lad
liSay g aal g 5 oy AT g 4 sllaall glaall o
LaS daf g Culiia 341 a5 pa g ALalS A )l an

105

as 30

30

360 — 2(45 + 30) _
> —

FLI
105

105

30

sl 105 )
S0 1k

simn{45)
=, 1>

. 222 0 1k

sl TOVS )
S0 1k

sira S0 ]
57, 1>

Fo — 15.5 1>

16
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O Prop2.8 . Resolve the force F» into
components acting along the u and v
axes and determine the magnitudes
of the components ?

()

F, = 6 kN

1 B SR LS e an i BARN Jud (a2 AV B ghadd)
b}‘?ﬁﬂ)&&h\jﬁjﬁg—iﬁﬁj%ﬂ&‘)&@\
,&mﬁﬁ%.\a\\g&ﬂai&ieﬁy‘gﬂn&
L5391 B Al gl any_cAlL) 5 gl

30’\\\\(5 )u
G kN -
75° B M
o

180-(75+30)=75

ol ol Jas

(1) 6 _
= - (B), = 600kN
sn7e  smres (=0
(FZ)-U 6 L P
=Tt (B)y=3106kN = 311KN

U Prop2.13 . The force acting on the
gear tooth is 20lb Resolve this force
into two components acting along the
lines aa and bb ?

Q

O 3981 il pa awa 5 3 981 o (a2 W) B ghadd)
liSayg 2al g & Ja ATy 4 pllaall jglaall o
LASAAU&SLS&%@’\QAJMA\SMJS\MJ
O Jead LsaY) Gl 348l

a
a
20 F,
= X = 30.
snd0°  smgoe fa=3060b
20 F, |
- . F,=2691b
sin 40°  sin 60° b= &0

17
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O F2-5. The force F = 450 Ib acts on the
frame. Resolve this force into

AB and AC, and determine the
magnitude of each component ?

450 1b

F
Ag 450 1b

450 1b

l:AC

450 _ FAC
sin30°  sin45°

U0 FAC=636.4

450 FAB

sin 30° sin 105°

U FAB=896.3

components acting along members

Prop2-4. The vertical force F acts Q
downward at A on the two membered
frame. Determine the magnitudes of
the two components of F directed

along the axis of AB and AC. Set F =
500N ?

P

e B oAl CLS ja any Bl Jud 0z AGY) Bekdl O
L )l pay AiSayg ) g £ Jag A g 4y glhaall ) glaall
Mwwhijmh\éw‘g:\.hls

F 4 L 500
sirn &0 simn 757
Fagree e 500
sim <45< sim 5T

I o Foe TN

18
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e g 898 Julad (8 5 le U8 Wil 49 Liad La
a1 (B ok (8 g Aualdld) 4 g1 311 g Aluasiall 5 8
oln oSl culhy Lgub 4 grua 229 aSJiST O 4 Y
(b g Al &8y plat) Al (g Jall ol 48y )k

© 453 e b 3 QT

» When a force is resolved into two
components along the x and y axis, the
components are  then called

rectangular components.
o | daliall g Abual) LTS ja ) 3 68 Jalad aie
Adadiad) LS jally i CilS sal)

>

» For analytical work we can represent
these components in one of two ways,
using either scalar or Cartesian vector

notation.

Gl pal) el Liiay Autait) Jand) ) A

A &y lal g dyasad) Ayl iy
. Jaall Jualills aga yd a ghin g

+«» Scalar Notation :
g (ol g iy oy ALAGT UL (Say o
O it al Jla B ASY jliaa JS0 agagd
O oS £ 0 pudicd J)igud) A B gl Jlas
. JalS 5 28 g diade
poid 4y 515 aa Aaia diany 0 1 J oY) JSA)

Ol e () Leladasy
h%
F
'y
F,
7]
\l' T X
F X

F.=Fcos# and F, = Fsinf

alaill s (1985 ol 45130 La Jaa

(B A4S pall cuilS Jla B o) oL (e Lyl 20 Y
O (s Al 55 all) aaadl ) ga ol
(1955 G gall salual gaall  Agaia il

e 1358 9 A g0

Agloh o Yoy ey o ga UL JSAN .
daghy oLAlY) iy Uy o Gilia dlibay

R
_\‘
I“\ o l)
F = X F
C .

F, b F., a
a _— =
F c

Crad sl Eulial) Andy pauall Euliial) BadU gl
i (o)) Uiy cililial) 4L 3acld

Fxand a
Ol sia Gadia 2
Fyand b
O ) sie Opnlia a2

r=r(4) ne ()
C c

ogaal) B LA) J A) ¢ a3 Aadd

J5aa J gllsal) adal) Jeh Al 4 sl
B Al g paa gl Ao Laguda cilivd)
o5 J sl diall Jeh rduatall A8 sal)
B Sl gy sl o Laguadia il il

¢+ Cartesian Vector Notation :
» Itisalso possible to represent the
x and y components of a force in
terms of Cartesian unit vectors i
and J. They are called unit vectors
because they have a dimensionless
magnitude of 1, and so they can be
used to designate the directions of
the x and y axis, respectively .
Ay dpalall g dbaal) S pa Jfial Uiy Ly
sda gl daday jglaall Jo Jlall Claa gl data
slaly) (o uamill agaladicg UiSayg dalyg Al
sl e

»

=i
-

=
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L4

=

F=F,i+F,j

898 (e ST (S ) (ST Bas g B g8 B ()S () 1aa

¢ Jaad) Lad

S pall g o (109 S a () 858 S s

VAR 5 () Lginy pen Aopipad)

¢ Coplanar Force Resultants :
When several forces
several forces act on a body .

Gl g s LaadIS g ¢ty plally Jad) aodatods
Ll sl

F,
> -,
Fs
(a)
F, = Fi,i+ F,j
F: — _F_-;_t.i -+ le.j
Fi; = F5i — F;3,
y
|
o Al Fu -
o |« == 1"'”’ » Fi )
~ Fa, *
F.’l_].' b
(b)
FR:F1+F3+F3

= Fl.\i + FI.\'j B Fl\‘i U FZ,\'j + Fl\i B F}\'j
. (FI.\‘ B Fl\ T Fh)i i (Fl.\' + Fllv B F*\)j
- (f ‘R.r)i t (F R_\')j

Scalar notation(Coplanar Force )

,

o

( FH J_r — E‘ F_rr
( Ff-ﬂ' )_v - E" F_.'r
iy (FR).I' = Fl.l - FZ.t + F3.r

+1

(FR)_\- - Fly + FZ_\- - F_‘i_\-

5681 Jgaagh o oY) At da iy Liad La JS (ad
. Lo Aaldl) dlasal) 4 ) H) g Alasal)

{ FR )_u

Fr = V(Fp)? + (Fg)?

e =

an

(Fg),

pell Ll Jadl A LA &l ¢ o8y clatiay) A
&\S\EMiM\MiubMui
i) Ay ke

20
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Q0 Example2.6 : The link in a is
subjected to two forces F1 and Fo.

Determine the magnitude and
direction of the resultant force ?
.v
F, = 400N F, = 600N
45°
o
N 30°

s S 5 ghadll
g dpdba 48 a9 Al 48 ja ) 868 JS Jlad
kel cul JLa) J olasy)

600 sin 30°

y

F, = 600N

30°

—) () 05 30° N

alaill Gua alil a3 La Jaa

400 cos 45°
A

F, = 400N F, = 600 N

< ' X
400 sin 45° K

s 81 & sana (1 gilE (Gakal ; AN § ghadl)
25l 3 LA J oLy e Jhia (g gl

(FR)_:-; - EF‘;
(FR:'}- — EF".
Jsl &y
L F), = 3F;  (Fp), = 600c0s 30°N — 400sin 45° N
=2368N—
+1(Fp), = XF;  (Fy), = 600sin 30°N + 400 cos 45° N
= 5828N]
G o5 Alasall 5l st ; G 5 ghdl)
O SRY Gadad

Fr = \/(FH)E- + {FH)_S

V/(236.8 N)? + (582.8 N)?
629 N

FR:

5681 o Aaldll Aygish and o Aay) )l 5 ghadl)
Ol Gl (33 s o2 Aluasal

® — tan ! ‘
{FR)l

f = rm—'(sgz‘g N) = 67.9°
= \236.8N '

1 oL aSile Aol I ady Lah
O8I e gall aal) s gaall g ) 31 7 AS O JuaY)
Y19 e il el Jjpad) dang g cuthy ol Jla
41 3 ypaail Al 48y s o<l ghlus

Ao Gang oS0 agh ¢y Al (B Al 3 LYY (025 Y

g sana B Bk oo iy el ay) of (b 4d e
JMY\‘;Q‘,\ESU&H&:\M%ALAU@M‘ X
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3
i a M . * « 1w I 2()() = £
P U ) (P Wlan aw g Ag gl ) AS LSy (w)
F, =250 N

270—0  360—46

U Q. The end of the boom O in a is
subjected to three concurrent and
coplanar forces. Determine the
magnitude and direction of the
resultant force ?

F, =250 N
F;=200N

-t
0 F,=400N

p (A gY) 3 ghadl)
2o Apdba 48 a9 Al 48 ja ) 868 JS Yl
sl el Ll J slay)

250 cos 45°

YT > 250 sin 45°
=

O3 A slaal) o gl L 8 gl

F;=200N

0 F,=400N

s 581 £ sana (5i8 (Gakai ; Al 8 gladl)
253all B LAY J oLyl aa s (5 sl

SF=3F;  (Fy) = 400N + 50sn45°N - 00(¢) N
= 33N = 332N

+T(FR)_\- = EF_\.: (Fy)y = 250 cos 45°N + 200(%) N
= 2968 N/
Gaob o8 Adaaal) 5 gdl) an ¢ ALY 5 ghdl)
Gl (ks

Fr = V(Fp)? + (Fg)?

Fr = V(—383.2N)? + (296.8 N)?
= 485 N

5 9811 o Aualdl) dg 90 310 a5 dagl ) B ghadl)

QSN Gkl (325 oo Alanal

& = tan ' M = 37.8°
383.2 o

3
¥ |

296.8 N

383.2 1N o

S g gall ) jsaal) o dlia cullay B

. A e
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O E2-9. Determine the magnitude of the
resultant force acting on the corbel
and its direction 6 measured

counterclockwise from the x axis ?
.v

F> = 400 1b
F, = 700 b

F; = 600 1b

DAY 3 ghadl)
o Al 48 a9 A 438 o (1) 868 JS Il
oskanad) ail ) J oLy

dh@ﬁﬂ\w&;ﬁ@g&u&aﬂa
Al B ) i gl dliany o LS

)

F;=6001b ,F2=4001b

F, = 700 1b

30°

o *
.
.
0
*
0
.
0

5 681 a3 gualial) oA 13N
:‘éfi\'é‘ghsi\

o dpabia 48 pa 9 A 438 o () 868 IS Il
sl cl_Ld) J o)

F;=6001b ,F2=4001b
Fy=7001b

&

—700cos30°

v

—T700sin 30° 35

Jias ¥ jsaall o gl ) 5 gal)

Fy=6001b | Fa=4001b
F,=7001b
NS
3 30°
3
I ) f > 600*
5
PN
3
A 4

4

-600*=

5

s 81 £ gana (1 gild (gakai ¢ A0 § ghadl)
25aadl LA J olidy) a5 sl

S(Fp), = 3F,;
(Fg), = — (700 Ib) cos 30° + 0 + (3) (600 Ib)
= -246.221b
+T(FR)V\‘ = EF‘J
(Fg), = —(700 Ib) sin 30° = 400 1b — (£) (600 Ib)
= -12301b
Giob (5 Aaaal) 5 gdl) aad 5 AL 5 ghadl)
O 98N gaadas

Fo = V(2462210 + (1230 1b)? = 1254 b

Alanall 5 gall o Lalad) 43 g0 30 and 3 Anal ) 3 ghadl)

b = ™ (398%) = 7868

0= 180° + ¢ = 180° + 78.68° = 259°
Aclud) e (use 0985 O gl il

180+78?,_\

78.68°7 7 |

-~ |
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O Prop2.44 . Determine the magnitude (Ea) =89Ib
of the resultant force and its direction, = i ——

measured clockwise from the positive é I
X axis ? i
y |
\L______________ |

sitferarflatie (5)7=5le ";‘

91 1b

O 1 A 3 ghdll
e dptbia A8 e g Al 8 e ) 868 JS S O
skl il L&) § sl

40 Ib

- .
30 1b 40 5
(1 .

— g1*>
13

91 lb

13
v

S8 £ gana (g8 (gukai 1 Al 3 ghdll O
253all B LA J oLl s Jhua (5 gluss

3 5
S(F)e=3F:  (Fe)e =40 (3) + 9](12) +30=801b—

M)y = SF (F)y = 40 (:) - 91(@ = —521b = 21b)

Gish o5 Alaaall 568l aad ¢ A 5 ghadll (]
QSN (Gaudai

Fo= V(R - (R = VP 452 = 10808 b = 1031

5 981 @ dualdd) 4 g 311 aad = dagl N 3 gladll O
O (b (31 5h (e Alasal

Jai gl edd) ) saall (pa g AS L o i 2

(Fr)y 2
0 = tan_{ ( FR)" ] = ran—l(@) = 30.30° = 30.3°
R'x

Q Prop2.37 .

Determine the x and vy

components of each force acting on
the gusset plate of a bridge truss ?

F

L As¥ skl O

e Al 4 a9 Ao 48 e ) 368 S Yl
oslaad) cl L) J olidy)
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o s sRl) £ ogana (il (akai o ALY B ghadl)

25aall B LA J oliddY) aa Jhia
(4
— 8(;) — 6.40 kN —
3

= 8 (;) = 480 kN |

(F1)x

(F1)y

(FE)J: -

(Fz)y -

(F3)x
(F2),y

(Fy)y =

(Ff—‘l-)y

0
F3--F4

Lalal) 4.8 pal) Y cliad) j9aa Ao ddiaia

cosaal) BLA) (e | pda (89 9 s

U Prop2-41. Determine the magnitude of
the resultant force and its direction,
measured counterclockwise from the
positive x axis ?

S5sin45° ¢

Fy=8kN

% —p 5 cos 45°

— 8sin 15°

8cos15° %4
]
F; = 8kN
F,=5kN
I (-
o L
>
—_—

A 5 gl
(), = 44 Saos 5 - 8sin15° = 3465 KN -

(R = 35045 = 815 = 11263 kN

25
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Alanall 5 gal) aai ¢ AN 5 ghadl
A,
v oaipV) e aral " - =}
o= VI = VT 1= 00 = sk
dlasall 5 g8l o Aaldl) 4y gl 31 aad 1 dag) ) 5 gladl) A’
X
g = lan—w{[ff}-"] _ 1311—1(]_1-2§f) 641 = 61° 0 Cartesian Unit Vectors: In three
(Fr): 5463 dimensions, the set of Cartesian unit

Ma) AL AU = Wy Uingl) B (Y1
Baa A3Y | S Ada | giSali o)f aS1 iasalg
o e oY) Ll s Agle alaie ) ¢ S alaS
6 Sieal) 3Ly 5 It 5 gaY) | Sla) AN ALY
L Axlia g Azl pa ) zladg

Al D AU cilgatiall aa Jaladi Ciis
JSdy ¢y gaaall Juay (S AdlIAL A8y oy 7 il
.ty

0 Rectangular Components of a
Vector: A vector A may have one,
two, or three rectangular
components along the x, vy, z
coordinate axis, depending on how
the vector is oriented relative to the
axis.

Al NG Al o il pa NG 4l Apiall

o A 4y phay a0l Ul iy

» We resolve the vector A to

component Az and A’ As¥) 3 ghill

> Then we will resolve A’ to A x and A v
> ayill) 5 ghadl)

o 5Y) 3 ghadld)

vectors, 1, j, K, is used to designate the

directions of the Xx, y, z axes,

respectively .

| aw\ QA Wl MUN Lad Qg\},ﬁ\)&\ Aadiall
Ay ) AN L8 L o<l el AL
AlYall Jadd 58 9 aa) g Alad Aada ¢ 0 b
g b gl i ga (198 B9 olady) o
A3 S guda gin s g gaall B LG o o)
. Jaadl Juadilly

O Cartesian Vector Representation: Since the
three components of A in act in the positive
i, j, and k directions .
O 4gal dadial) 138 5 Cp sl A8y phally cilgaiall (il
Y Ao e il L) ¢ slany aganan g il ja 3
o2 dlaia)y (s 8 LaS A gall jslaall o (e
c by 81y dudi jgaall dad 0 5S3 ) glaal)
U We can write A in Cartesian vector form .
JAaY) B i giCa h LaS 135 Aqial) 44liS LiCay

26
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« Magnitude of a Cartesian Vector:

e

D R, |

A,

e e

A= VA2 + A2+ A2

Coordinate Direction Angles. We will
define the direction of A by the
coordinate direction angles a (alpha),
B (beta), and y (gamma) .

A_k
A
Y
5
\3
v A3
—“
A i
> o /
A.l’ B A.‘*' A:_
COos a = CcOS = — COS§ _——
A A YT A

13 addiiald LMY & 59 Gl g) ) dad Cuale o) o
Ol

v . /.
cos“a + cos“ B + cos“y = 1

If this is generalized and applied to a
system of several concurrent forces,
then the force resultant is the vector
sum of all the forces in the system
and can be written .

o 08 ke (S Aluanal) B 6Bl dad Ui ) ()
GsiSa g LS jglaadl e Ao (5 48l £ gara

L gD A

Fr = SF = SFi + 3F,j + SFK

* Express the force F showninaasa
Cartesian vector ?

F = 100 1b

6.00 Dy v

_445?

Agal Aadial) 1da o W ey 681 3 88300 (e
o Lghie Ul ) 48, jlal) gudaid il ja A
£ 9:a gall Uis i Ayl

FF = 100 1b

WS, O ) Aadal) Jlad s A6 8 ghadl
25l (i Al (5 AY) A pall g W3 j 93 o

F. = 100 sin 60° 1b = 86.6 1b
F' = 100 cos 60°1b = 50 1b

Qbﬂmﬁ&ﬂ\@d\dﬁ;@m\sw\
) oL By i g Apdbay Al 43S e )
Al ol 4a ga dagll) cuils 13 g glaall

F, = F' cos45° = 50 cos 45° b = 354 1b
F, = F'sin45° = 50sin45°1b = 35.41b
G By gually dadtal) (<3 5 dENEY 5 ghadld)
Coial Gkl (33 sk (o Aadall jIaia slagls a gl g

F = {354i — 354j + 86.6k} Ib

F=VE+E+F

= V(354) + (354) + (86.6)> = 100 Ib

27
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N R T
) =i— = e o —l
F F F F
354, 354, 86.6
— 1 — 3 [
100 100 100
= 0.354i — 0.354j + 0.866k
5.9l Lalad) 4, o) 310 M) ¢ Aal ) 5 gladl)
3&35\49&4@!@-\95{&@@3%@\
a = cos '(0.354) = 69.3°
= cos '(—0.354) = 111°
v = cos (0.866) = 30.0°
F=1001b
a x

Prop2-62 . Determine the magnitude
and coordinate direction angles of
the force F acting on the support. The
component of F in the xy plane is 7
kN ?

~

7 kN “

X
1 e ) S s ) dadal) Jlas 1 A 3kall O

el gl G a5 AY) A pall g 33N 5o
e ¥ Aqiall dad (<l Aagll) Aaglaa a9 sabally
A U g WY w3l jsaa o Al 223 & ey
L O Aqiall

|—.|

i

F=——"_=808kN
cos{ 3|

F.=F -sin(30) = 8.08- sin(30) = 4.04 kN

dale Ulaa 3B o) daial) Jlad ; 400N 3bdl (O
) oL B pa g pdbia g Al 48 50 )
Al af A ga Aagll) cuils 13) g ) glacall

— T - sin{d40) = —4.50 kN

w — I

Fo=7T-cos(40) = 5.36 kN

O Prop2.77 : Determine the magnitude
and coordinate direction angles of the
resultant force, and sketch this vector
on the coordinate system ?

F, =400 N

F, = 500 N

S ja, OGS sa ) Aadal) Jlad s 6N 35kdl (O
ssaall C i g AY) A8 pall g 23N s o
. (_ﬁgél.aa.“\g g-'\,).nd\

dgle Ulaa a8 o4 dadiall Jlad ¢ 460 3 ghdd) O
() oLiY) B g e g Ayl g Apions 48 10 )
Al af A ga Aagll) cuils 13) gy glacal)

F; = 400 (sin 60° cos 20°i — sin 60° sin 20°% + cos 60°k)
= [325.52i — 11848 + 200k} N
CilsS o A3 ) 5 68N Julasi uu\ 5¢hdll O
25 JSs Aaldld) Ll g 3 ellad LY g 138 9

F, = 500 (cos 60° + cos 60°% + cos 135°k)

— {250i + 250j — 353.55k} N

oarl) Lagudany aa (S G a1 dagl ) 5 shadd) [
M\Sﬂ\g@neﬁ&a\g

28
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Resultant Force.

Fr=F+tF
= (325.52i - 118.48) + 200k) + (250i + 250j — 353.53k)
= (§75.52i + 131.52) - 15355k} N

The magnitude of the resultant force is

Fo=V(F)}+ (F)y + (F)? = V7552 + 131522 + (~153.55)
= 610.00N = 610N
5 98l Aaldd) Ll g 51 A 1 Aualdd) 3 gladl)
daa gll data Gl 31k (8 Alaaal)

[§]

(FR)x

o 5755 o -

cos« Fr _ 610.00 « -

os B = (FR)y  131.52 B — 77.549°

cos Fr _ 610.00 -
(Fr);  —153.55 _

cos y = L = 104.58°

Sy T T 610.00 Y

U Prop2.60 : The force F has a magnitude
of 80 Ib and acts within the octant
shown. Determine the magnitudes of
the x, y, z components of F.

F=801b

L s L5085 (A (a9 Apia Ll 1 3 6Y) 5 ghadd)
49130 alad Vg Gy gl ) Lnalg il ja ABNE ey 43)
Ul 0 4S3 a3 a8 o3 ¢y 6SLAN)  gaadaty Uinle Sl AENEY

» ,) 2
cos“a + cos“ B + cos”y = 1

| = cos? 60° + cos® 45° + cos® vy

Solving for the positive root,y = 60°

(el 5 gRl) dagd Lisal g L) g 300 Lisad - A5 3 ghadl)
snal) g Bdlaa Ayl Adafize 35AN Y il

S i) M o sl
F, = 80 cos 607 = 40.0 1b
F, = 80 cos 457 = 56.61b
F_. = 80 cos 607 = 40.0 1b

0 A position vector (r) (&8sl 43i4) : Fixed
vector which locates a point in space
relative to another point.

o) A pliadll b Akl aaay M) g el Axia (O

o 4
= —
/ T~ ’
———
/

X

(a)

r — xi + yvj + zZKk
4 pllaal) Adalll) § Jua¥) Adali o dadial) O
mn b4
m
gle »* B(xp. ¥p- )

Ly

A(XA, Vs Z4) o

Hs

r= (g = x)i+ (g =i + (25— 2k

AU Adastl) g oY) Al Aqial)
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U Example2.10 : An elastic rubber band
is attached to points A and B as shown
Determine its length and its direction
measured from A toward B.

N

/": 17/
7
= 2 v
x 3 m
laf”
e
Al I m

Caad 13) A3Y 13 1ax agea ABT Alaa) 4B jpa o
(Bl Il Ja 0 s A Jd salaly
. odad) dllad Jalslly

Jagd g-.\;u.d\ 25l e daB) g a8l LS 1Y) o3
gball Alaa) g aw Eilaa) Jasd Lt L) ay
N8R g jhaa (g gben 30 g

A ga dagil) (980 ) gaall J (g 31 90 Badd) S 1) <
Aol () 5<i8 ) gaall alaia) J 43)) o S N3] g

i
e de | GIE ME dujlaa ) Aalay £ gdga

s W Anaal) Jaghall) g 5i ABAL ) BT 4
Aadll) 3ty o 30 g8 yglaall Gy ol

O‘M g-.‘.-.“-‘s‘ JM‘ J QSJ‘JA A daly e'é)l\ o2
1 8 (rad) EanY)

O el alie) J (55l sa sp A QBN
3- 58 430 &y

dad () galall jsaall J slga ol 2a e Y
S R ‘géhal\ aay)

5 TX
/k@j
Allm

2 1 — a8
e l:?””’
_a—
—_ 2 1M
O Al jgaall Aaial J g ge sA L) ABLY
2- A sl &Y

A galalljgaall J sl A L) ABLN m
2 58 3l galall dilaay)

&laay) G 3l eaall J s 5lge gp A A8
358 23 a3

A(l m, O, —3 m)
B(—2 m, 2 m, 3 m)
<+ Atoward B :

ada A leally fagd Al Adadil) cilfilaa) ca o
4xial) olad) cas

r=[-2m— 1mli+[2m —0]j+ [3m — (=3m)]k
={-3i+2j+6k}m

Aaiall laBa aad LaS o lala dad o

r= \/(*?,m)2 + 2m)> + (6m)> = 7m
dalal) iﬁ\j\wgﬁSuﬂ@w X
Lhocea Lialad LaS 4y
r 3. 2. 6
u=-= ——-i+ —j+ -k
r 7 7 7
daially Aaldl) Ul g3l b o

a = (— —) i 5 i
B = cos_'<—> = 73.4°
v = ( ) = 31.0°
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O Establish a position vector from pointQ
A to point B ?

-

4m

A(-1,-4,3) 4
Elaay) &) sl gaall el § (55 sa sh 2a) g b )
1- 98 (Al
Ol gakall jeaall i) g gllse sA Amf a8
4- & gilall &aay)
S8 330 &) ) a5l eaall J 55l se s A A8
3

B(3,4,0) U
o) &13Y) ) e gaal) g 5130 g8 A3 g 0
3.5
Slaay) 0l gaball jsaall J glsa sp Axg B
4 s~ édbd\
L0 Slaay) dad 3 a3l peaall § g )ge ol 22 g Y
Aa A
O Establish a position vector from point

A to point B ?

a

a

3m

A(5,0,0) 4
) AN cliwd) jgaa o dldaia ddaddl (O
Aua gl 23l galall
B(0,3,2) O
O L3 Jsaal) alaia) J s ilse s L) Q80 OO
2 & w3l iyl
O glall jgaall J silse 4 ABDE W3 O
3 B gilall Slaay

Establish a position vector from point A to
point B ?

I m

A(-3,1,4) 4
O ) jgaal) el J g5 ga g A NN O
3- 54 (riaad) &laaY)
GY gaball peaall § silse A aaly K850 0O
148 Lg.shal\ &laay)
Slaay) o3 33 peaall J g5l sa sp dx i a0 O
4 5 23
B(3,-3,0) 4
G hadl pgaall J il s ABDE L8N O
3 8 Al &ilaay)
glall jgaall daia) J gilse sa U AN O
2- A gaball &laayl o)
L Al O3 a5l jsaa d @il kd an Y O
BURTE
U The direction of a force is specified by
two points through which its line of
action passes. where the force F is
directed along the cord AB. We can
formulate F as a Cartesian vector by
realizing that it has the same direction
and sense as the position vector r
directed from point A to point B on
the cord.
Lag oy ilall (31)b 08 3aay 5 8l olad) yaad [
OSSOl G ARy yhally 8 B Jiad Liikay g
98 LaS Ll olialad (5 3) a8 gall Aavia olad) (udiy
L Bogall A rage 2
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I (= x4 0p = v0i + (- 2k
P=y= M= by ’ Jb .AJ) b A’
W1+ 0= 3+ - o

Q0 Example2.11. The man shown in a
pulls on the cord with a force of 70 Ib.
Represent this force acting on the
support A as a Cartesian vector and
determine its direction ?

y 30 ft

LA cliiaa) aa 1 JgY) 5 ghdd) O

A(0,0,30) O
gﬂ\h‘g\ AN 3 s o dddata ddadtl) O
Hua dlall g Al
B(12,-8,6) O
Glaay) o) 330 saall J s 3lse 2 6 48,0 O
6 s 43
O gakall gaall sia) 531 5a 58 8 BN OO
8- & alall &laay)

O () Jgaall J (51 5a 90 12 280 O
12 9 el Elaay)

G5 il g algall dnia aad @ &Ul 3gkdl) O
A Akl Mag LG ) A6 Al o
A (ay olady) aaaa (5 Balally g Jaad)

. Bacea Llaled LaS dadal) jlada aas

r= {12i — 8 — 24k} ft

r= V2 ft)? + (-8 ft)> + (—24 ft)’> = 28 ft

Bl alagl Al Cpag Ban gl Ancie and ; L) 5 ghadl
GARY (Gnkai aok oo

r 12 . 8§ . 24
—_— —l —_— — — e—
N
o 12, 8, 24
F=Fa=701Ib gl—i_]—ik
5580 Aualad) Ll g 30 Saal = Aagl ) 5 gladl
12 .
a =cos | — ] = 64.6°
28
—8
PR PPt o (O — o
B = cos (28) 107
—24
| i £ — 14Q°
Y = COS ( >3 ) 149
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U Dot product

0° =< 60 =< 180°
A‘B=ABcosf

Laws of Operation,
1. Commutative law:A:B =B-A

2. Multiplication by a scalar: a(A+B) = (aA)*B = A+ (aB)
3. Distributive law: A*(B + D) = (A+B) + (A+D)

A . B = A.\'B.\' + A'\'B'\' + ACB:

Applications: The dot product has two
important applications in mechanics.

pgiiliog p gic g ilaga (plal Al all) G jpuall
Jmalilly aga i g

1- The angle formed between two vectors
or intersecting lines.

Crgaia O 4o g1 30 Al

A‘B
0 = COS_](H) 0° =6 = 180°

2-The components of a vector parallel and
perpendicular to a line .

A3 galad) 48 pall g Ay 30 gl 48 pall | Antal) S 1
. Sl e Qudd X
. Jaadl Juallilly aga 1l a ghin

U Prop2-116 . Determine the angle 6
between the y axis of the pole and the
wire AB ?

i A sthal) cilgaiall J adgal) 4nia 2231 Y 35bdl O
L Bugana cilgata o On dagl Y

AB And AC O Susana 43930 O
rac = {=3j} t
rap={(2-0)i+((2-3)j+(-2-0)k}ft
= {2i — 1j — 2k} ft
b sall A jlala and ¢ AU 3 gladl) O

The magnitudes of the position vectors are

ne= 3000 rg= VIS (1F £ (<2F = 30

Lglsh pady Gl ol el o AR Bebdl (O
5 gaaall

(Bl G pa (pgaiall iyl daii bl 2 O
@AJSJM}A,?M\@ [ |
‘—1(
CcCOs

(=33 - (21 — 1j — 2k)

A-B
AB

(7]

Yac " TYap =
o2y + (—3)X(—1) + 0(—2)

= 3

e

—1 - — 50
cos {3.[}()(3.0{})] 70
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U Prop2-127 . Determine the angle 0
between pipe segments BA and BC ?

Via = {-3i}0

BC=+6%+42 +22 =7.48

BA=432=3
B _1(?35'7:% ) B ,_1( —13)
f =cos | == ) = cos 5
| Yadl [VBal 22.45

f = 143°

U Prop2-115. Determine the magnitude
of the projection of the force F1 along
cable AC?

! (ﬁ -
F,=40N / ‘
< 4m
. 0 F,=70N {
A <L ~
3m \ m\\
S i B
s \ 3 m
) 3m
SOL
A(2.-3.3)  B(0.3.0)
C(—2.3.4)

2,6, 3
F1 = FluAB = 70(‘? + ij - ik) = {‘20i + 60j -

D=t B (-3 4 o, |

(
= = T k
Usc \/(_2 ~ 2)2+ [% _ (_%]]2 1 (4 _ 3)2 \/%l \/%J 53

4 1
(F)ac = Fruge = (<200 + 60 - 30k) (——i LI

\/; M \/a

_ (_20)(_%) n 60(%) n (—30)(%

=5632N =563N

U Prop2-129 . Determine the magnitude
of the projected component of the 3 kN
force acting along the axis BC of the

pipe ?

” F=3kN

D(8.0,0). C(3.4,—1) B(0,0,0) m,

-3+ 047+ 0= (1K
VS=3F=0-4F +[0- (-1

Sl

—1 -

Vi

“CD =

L
Voo Vi

F:F“CD:?

<WWH
12 3

)
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(Fgc)| = |Frupe

15_12_3)(3_4,1)
= | —=i- +—=k || —=i+—j-—=k
ﬁ@'mjwa-@ V%' Vs

g e v e
Vo \Wag VWi Vil Vi
6
U Example 2.15 . The frame shown in is
subjected to a horizontal force F =
{300j} N. Determine the magnitudes of
the components of this force parallel
and perpendicular to member AB

= |-0.I816kN| = 0.182kN Ans.

B F=[300j)N

X
O AB: Gsihall sl
SOL:

sl L el Al Tl cililan) aad 1 d6Y) 5 ghadl)
48 g GG (V) aaala) dile Jual) g sllaal)

A(0,0,0) B(2,6,3)
ey sthall jsaal) J adgall daie 25 2 A0Y 8 gladl)
Gslaall jsaall J sda gl dada alay)
Iy 2 +6j+ 3k

B VO + 6F + OF
g O dapally B g8 aad o i 1 A B ghadl)
DM g il g o plhaal) Andal) G jal

F-u; = (300j) - (0.286i + 0.857j + 0.429Kk)

U = = (.286i + 0.857j + 0,429k

= (0)(0.286) + (300)(0.857) + (0)(0.429)
= 257.1 N

Gsllaall jgaally sl (Al 5 6B alagl &1 5 OY) 1 Ayl ) B gladl)
e d culs ABad) 5 ghadl) B USY ()38 S dia &
Fip = Fypup = (257.1N)(0.286i + 0.857j + 0.429k)

= {73.5i + 220§ + 110k }N
dasally Lagalall S jal) Aagl a8 1 daldd) 5 ghdl)
QA (Bandad Bk oo 058

F, = F — F,5 = 300§ — (73.5i + 220§ + 110Kk)
= {-73.5i + 79.6§ — 110k} N

5gdadl) sl g lafa duagalal) 48 jall aad 1 dalud) § ghadl)

elia J)pead) Gl 13} (ny (o 4l

o 2

- \/f‘ - Fip =

= I55N

F, V(300N)? - (257.1 N)?
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U F2-30 Determine the components of the force
acting parallel and perpendicular to the axis

of the pole ?

F = 600 1b

0(0,0,0) A(4,4,2)
tope TOA _ (4-0)i+(1-0)j+2-0))
oA~ Jariez
4 4 2
= gl + g] + g k

F = [~600cos(60)sin{30)i + 600cos(60)cos(30) +
G00sin60)H = [~130i + 260, + 520

[~150i 4 260.5 + 520.F - [—4i + 45+ 2k

i

K
1004+ 346 = 446

- )
FL=\/F2— " = VG002~ 4467 = 401 1b

U Prop2-134 . Determine the magnitudes of the
components of the force F = 90 Ib acting
parallel and perpendicular to diagonal AB of
the crate.

F=901b

60°
B &
_45‘3

aldian) aad ¢ do¥) 5 ghadl)
B(0,3,1)

O A(1.5,0,0)
e (0- 151+ 6-
Ulp=—"-

W15 G- -0 |

Gsllaall jgaall e gall daia i 3 AN 55kdl O
Gslhall ) gaall J oaa gl dada sy ol (g

Oj+(I-0k 3 6 2
= (1-0) “"llﬁk

I 0-13i+(3-0j-(1-0k 3 ¢
_ig_‘ ) (’ )] ( ) :_ﬂi_ﬁ“gk

lyp="—"-= \
A L5 - 0ped-0f | ]

QS dipa B gl (985 o g 3 BN Bshdl) O

F = 90(—cos 60° sin 45°% + cos 60° cos 45°%j + sin 60°k)
= [-31.82i + 31.82j + 77.94k} Ib

QS dially B g8l aad o i 2 ds) Y Bgladl) O
e g il 5 o sllaal) Andall G i (Al g

o
Bl = Foug = (3180 5 3180+ 71002+ 2
; 77

P I I LA
JLOL 7 ..L7 Iy 7

=03.181b = 6321b Ans,
JIA8aS A0 galad) A0S pall dla) 4 4 7 Aaldd) 3 ldl) O

(Fagly = VF= [(F)ggly’ = VO - 63,18 = 641 1b
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3 |
Equilibrium of a !

Particle 87 LY

Chapter Objectives 87

Condition for the Equilibrium
of a Particle 87

The Free-Body Diagram 88
Coplanar Force Systems 91

3.1

3.2
3.3

3.4 Three-Dimensional Force Systems 106

U A particle is said to be in equilibrium if
it remains at rest if originally at rest,
or has a constant velocity if originally
in motion.

O A b 13 0518 s b asadl o) O

Ao A S gl ¢ O gSu dlla B Jual) b s

CASS A B Al

U To maintain equilibrium, it is necessary
to satisfy Newton’s first law of motion,
which requires the resultant force
acting on a particle to be equal to zero.

GOS8 Al (g gl (e ¢ 015l o Aldlaall O

Bl 0983 o)) ullaly gl g ¢ AS adl Jg¥) (5 g

LS (5 e puaal) o i ) Aaall

O Also, F=ma ma=0

(constant velocity )

so the a=0

O
O

> F

N

S F, =

U To apply the equation of equilibrium,
we must account for all the known and
unknown forces (F) which act on the
particle.

da A e G 4 Y QI Ol i 1 0

el e 5 jiisall 5 sl

U The best way to do this is to think of
the particle as isolated and free from
its surroundings. A drawing that shows
the particle with all the forces that act
on it is called a Free-Body Diagram
(FBD).

o adl) JJo A sl ddjaa J Al h Jdl O
o A awad) i a9 4y sl Jaw gl

QO Springs( d£3Y): If a linearly elastic
spring of undeformed length |, is used
to support a particle, the length of the
spring will change in direct proportion
to the force F acting on it .

A Ala B osly ) Jeb 4 08 a3 O

WLV NRPL P AT PUPEQENY. - PRGN

. 4gle 5 jiisall 5l olatl g

QO Stiffness k : Defines the “Elasticity” of

aspring.

L AdUaiay) J & ad 3 da glia

AR A,

M

)

I

[

U The magnitude of force exerted on a
linearly elastic spring which has a
stiffness k and is deformed (elongated
or compressed) a distance

s = | = lo( Akiy)), measured from its
unloaded position, is F=Ks (53 clua)
éﬁb&hﬁﬂéﬂbsﬂﬁl}\‘fb 3 _yigall 5 g8l) ;)a8a
LaS 3 6811 () oS5 daaa jla8ay CuilS g 0 gl J L gad A8
Ay gisa Al Adlaal) B
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QO If s is positive, causing an elongation,
then F must pull on the spring;
whereas if s is negative, causing a
shortening, then F must push on it.

G 38 3 gBl) (o)) iy 13g A ga A il ()
4y @i 3 g8l () Ao (ol Al Aaia) CuilS (o)) 9 4
U Cables and Pulleys : All cables will be

assumed to have negligible weight and
they cannot stretch.

U Also, a cable can support only a tension
or “pulling” force, and this force always
acts in the direction of the cable.

Gl W (Juadl o) el s ol pasi O
A Gl e Y g ek

G B g gl 3E 3 g JiSN aeny o oSa L O
Jaad) oladl 8 Laila Janti 5 g8 o3a g ¢ Jadd

o

b |

U Smooth Contact: If an object restson a
smooth surface, then the surface will
exert a force on the object that is
normal to the surface at the point of
contact.

digud ¢ gulal mha Ao L awa R 13 O
BN (sSiy amall o b phdl Gujla
. Jualy) 4l sie mhud) o 43 gale

> If a particle is subjected to a system of
coplanar forces that lie in the x-y
plane, then each force can be resolved
into its i and j components.
Uded 558 (a ASY (e ) (1685 Latis >
ol sl J oy gaaaiy Lgllas
Gl ally andl Lgudany g Al SlS yal)
) Lgpdany aa dpabial

» For Equilibrium, these forces must sum
to produce a zero force resultant .

BoAl goana (% O @ ¢ Q) @dadt >
Ad (5 gl B i 5l

F,
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U Prop3.2 . The members of a truss are
pin connected at joint O. Determine
the magnitudes of and for equilibrium.
Set 6 =60°.?

4 \
7TkN Fy

U Prop3.3. Determine the magnitude
and direction 0 of F so that the
particle is in equilibrium ?

8 kN

Gbi a3 ey 348N Jalad a3 ey Al awal) bhbia g
Saal) Jaall il O ped) 138 7yt o sblas ;s ol 8
Ay O 9Si &l ghadl) (ary ol (pa g 5 SR Juall S

i) (1583 ST pad) Jadadal) a5z A5V 5 shadl

aad) e s 58 lad Ule gaa

F
s A8 L) <) ghadl) (puds
2) (?_
8kn
30 > X

Ans. éd 5k~
o

Ans. 4’“ F

L3F=0 Fsinf+5 - 4oos bl - §cos30° =10

Fsinf =398

HiE =0 8sin30° - dsin0° - Feosh =10
8iall s sl £ gana (il Gaudati 1 A 3 gladl) s
h Feos = 05339
Aua g sl amad) o
. 4 sinf _ ) Adalaal) dacd
BIF =0 FasinT0°+ Froostl - Seos 3 - (1) =0 osg 1301 fju\ "
‘ in 6
Realizing that tan § = ﬂ. then
0.9397F, + 0.5F; = 9.930 cos 6
tan 8 = 7.3301
—TEF_V =0;  Fycos70° + 5sin30° - Fysin60° - %(7} =0 f=823¥=8.72
0.3420F, - 0.8660F, = 1.7 F sin 82.23° — 3.0282
F — 3.9646 KN — 3.96 kN
o — O_60 kN
, — 1.83 kI
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U Example 3.2 : Determine the Tension in
cables BA and BC necessary to support
the 60-kg cylinder ?

g uuﬁﬁduh-'a-'ws 3 il

T sin 45°

T

T cos 45°
s Gulial) pa Jabadl) A g g 005 Lusal) by (e

il snall J (gl sl aloall )l | Al RSyl 3 5
,)3}“ é“‘ “-“""“9-'"'}

@l sl J g sall plall ) lan | dgaliall A8 pall 3 5
,)3}“ é“‘ “-“""“9-'"'}

8 98Il agy pad (S yall
3
31,

(5)74

r}r

Lale g bl gaball ) sae e adaie 43 Jlag ¥ )50
Jaa <l LS sy

pal) e 3 il (5 sl & gana ()58 (Gaukai 1 ALl 5 ghadl)
Jha sl

I
L

5 -

= T (%)TA =
HIIE=D T+ - B0 =0

Top= Amiladl £ jludy Gig e 4l ghat) 39
. 3..3.«'4 fi\

Equation (1) can be written as T,
Eq. (2) yields

= ( 88397, Substituting this mto

TosindS + 308897, - 108N =
50 that
To= 566N = 6 "

Substtuting his result nto ether Eq, (1) or E, (2), we ge
T, =40N
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O F3.1. The crate has a weight of 550 Ib.
Determine the force in each supporting
cable ?

LAl o gladll

FBD
E{3/5)
Fagsin30
Fac{4/5)
Fpgc0s30 «
30
ty
+x
5501b
—++3 Fr=10
%F{If.‘— Fabeos30® =0 ... (1)

P+ Fy=10
4 Fac+ Fab sin30” - 550 =0

from (1) and (2)
Fab=478lb  Fac = 5180

U F3-6 . Determine the tension in
cables AB, BC, and CD, necessary to
support the 10-kg and 15-kg traffic
lights at B and C, respectively. Also,
find the angle 6 ?

EFy =0 = Tygsm(15) - 10(9.81) =10
Typ=379N

EF == Tpr- T,qﬂf.‘ﬂ.‘i{lﬁ] =
T =366 N

At C

15%9.81

ZFy =0 = Tepsin(f) — 15(9.81) =10
ZF; =0 — T{_"D[’.‘GH{EJ — T =10
=219

Trp=395N
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O Prop3.30- Determine the tension

developed in each cord required for
equilibrium of the 20-kg lamp ?

At C
n}
Fp=339-83N
—>—x
%
e
F o
A .
S 4
20C9-81IN
S3R=0 FysndF-008)=0  Fy= 304N =N
IR WA -Fy=0 Fy= RN =N

& P
At C
53F=0 330.83 - FCA(%) ~ Fepoosd5° = 0
4 o
T TE'F\ =0 F(_“A(E) - FCBSII'] 45° =10
Fey = 243N Feg =215N

O F3-4. The block has a mass of 5 kg and
rests on the smooth plane. Determine
the unstretched length of the spring ?

O . LAl g iy b o Jised) 1 Jal

k =

(LY A8k

sl (198 Sl (FBD) pmisi 1 (A gY) 3 glail)
SLEH) e g pual) 1o s 1 (s Lde prinna
il gl Judas it

J'M&ﬁaﬁis\gcﬂﬂjﬂui&sﬂ\dﬁgﬁj

Fol3/5)
stp(4/5)
FBD +y +X
45.
Wx=5.0%(9.81)sin45° \ . )
e ww_s.g ﬁéﬂcms
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Bsal) s sAll £ gana (gl (Gudal 1 A 5 gladl)
SAua g sl pul) o

A +S Fae=10

F., {%J — g sindd =0

Fop = 43.35N

Flap = (I — 5]
A43.35 = 200(0.5 — I,)
f, = . 2833

Al A8y jal)

& 55300 IS Jghal a1 ay Ui (b e

kA =— 200 NN /m

=032+ 042=05m

Fwsin(45°) = S FC

Fc=4.42kg=43.35N

Fo = kAT
AFI .35 = 2000 T
S = .21 6G1m

[p=1-Al=0.283m

U Example3.4 . Determine the required
length of cord AC in so that the 8-kg
lamp can be suspended in the position
shown.

The undeformed length of spring AB is
' xe = 0.4 m, and the spring has a stiffness

of Kkas = 300
m

T kg =300N/m '

WY

B

T:\(

: -
’1], Tas

W=T785N

X

8*9.81=78.5

Equations of Equilibrium. Using the x, y axes,

BH3F, = (; Ty = Tyccos30° =0
+13F, = 0; Tyesin30° = 785N = 0
Solving, we obtain
T,\(' = 157.0N
T,s = 1359N

1359N = 300 N/m(s,5)
'.’I.'l R = {]453 m

Tap = kagsap:
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2 m -

' Kag= 300 NMN/m
30° |
r

PSPy

Aoy + L) 38 L Jghall = Jalsl) J shal)
0.853=0.4+0.453

=

"
z!l

[iecos 30° + 0.853 m

1.32 m

2m=

U Prop3-19. Determine the unstretched
length of DB to hold the 40-kg crate in

the position shown. Take k =180 %

3m i

(1)

aull (1588 SIS(FBD) s 1 (A5 3skdl O
ad (S ) o (5 68l Jidad Uil s
¢ Jand) Lad Eulia fda gl Ll gy Alad Y

2 539 dagally ALES 2 g g3al JI gkl 225 O
LB o L] (g AT 48y 5k

AN 4kl O
Q6= tan‘1(§)
ol (5 ob e 4l 43, kY O

Q z=/x% + y?

40 (2.8DN

V13=v32 + 22
V2 =V1% + 12 = /8 =V/22 + 22

3 ]
LEFY =0 TBD(W) - Tcg(ﬁ) =)

J)
I3F, =0, TBD( m) ¥ TCD(%>—4[J[U.81)=[J

Solving Egs (1) and (2)

TBD = 282%] N TCD = 33206]\]
o se Uil (Gaalal (e ol i 30 ASY) J ghall
A3 b AL o gild gl
The stretched length of the spring is
= Vi + 2=V
Then,x =1 = [, = V13 - I, Thus
Fy=ke 2829 = 180(VI3 - ;)

[y =203m=203m
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O Prop3.15. The unstretched length of . (4
spring AB is 3 m. If the block is held in = 1F =0, Teos 43" - f‘“(g) =0
the equilibrium position shown, ‘

determine the mass of the block at D ? I'=618N
| 3m 4m | : v ) 3
— | SR =0 W+ 8« 60| =0
W= 84N
84 .
m=oer 8.30kg
El 2,0
Prop3.21. Determine the unstretched
length of spring AC if a force P =80 Ib
causes the angle 6 = 60° for
equilibrium. Cord AB is 2 ft long. Take k
Ib
=50 = ?
At A
Fac . Fas
o d : 3
45 4
W
‘ﬁ v 2 m . .lé - .
3 2l G giE Gukad I = V12

Jgual) B dra 5293 s 55l Ll 3 L gkl
GF 5 C8 oke s AdUiay) Saldi Sl J ghal
oL Gkt )k
5=v32 4 42
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\/1_’7' 5 U The 200-kg crate is suspended using
Il the ropes AB and AC. Each rope can

sin 60° sin ¢ withstand a maximum force of 10 kN
before it breaks. If AB always remains

b = sin](z sin 6‘[]’3) — 300 horizontal, determine the smallest
V12 angle 6 to which the crate can be

suspended before one of the ropes
breaks ?

+1 2F,=0;  Tsin60” + Fgsin30° =80 =0

BIF, =0, ~Tcos60° + Fycos30° = 0

8’“ (a)

{
0=3V-1) [:\/ﬁ—i—U:Z.ﬁﬁfI

—1

U 1962=200*9.81 < 10kN (Safe)

£y L
BIF =0,  ~Feeosf+Fy=0; Fo=
cos
+13F =0, Fesing = 1962N = 0
O F=10kN

O el J daa bl ol Jiged) b daglra A
Crss oS 10 &

Feesin@ — 1962 N = 0
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[10(10°)N] sin® — 1962N = 0

f = sin '(0.1962) = 11.31° = 11.3°
oy
e =
Coes
IOC103) N — gl
cos 11.317
Fg = 9.81 kN

U Prop3.11- The block has a weight of 20
Ib and is being hoisted at uniform
velocity. Determine the angle 6 for
equilibrium and the force in cord AB ?

0 Pully( €u83Y) : Whsh (e 05 Uas A
Cphall (B adl) B8 O Lgsd Gaaally Culs
Ol gluia

=20 Ib
2o Ib
LI3F=0 20sinf — Typsin20° =0
20sinf
T -
A sin 20
+T2F__v =0 Typcos20° = 20cosf — 20 =0

Lealizing that sin (6 — 20°) = sin f cos 20° — cos 6 sin 20°, then

sin (§ — 20°) = sin 20°

20 sin @

————cos 20° — 2 = 2
sin 20° ©8 20 0Ocos# 0

sin # cos 20° — cos 8 sin 20° = sin 20°

20 sin 40°
sin 20°

Tap = 37.591b = 37.6 1b

Cra Al g dina ATV alaa Al coia (Gibed) Il igudd)
Ldh 4 981 G

U Prop3-8 . The cords ABC and BD can
each support a maximum load of 100
Ib. Determine the maximum weight of
the crate, and the angle 6 for
equilibrium ?

47




§y‘<}'ﬁ~§ & P
L3F =0 W ) 100 cos 8 =0
ILiIF = E cost = 7,
100 cos @ = T ) =
. , 12
HIE = 0; 100sind — W - W B =
) 3 3
s —X
100 sin 8 = EW 8 F’ =/000N
sin &
cos O E=800N
. ~ sin#f
Realizing that tan 6 = —~—. H3F, = 0; 800 sin ¢ — 800 sin 8 = 0
tan @ = 5 H3F = 0; 1000 — 2[800 cos 8] = 0

6 = 78.69° = T78.7°

=

5
A0 = — W
100 cos 78.69 3 W

W =50991b = 51.01b < 100 1b (0.K)
A Gy (] Gl 355 OV 100 Lz ge 5 4l
(Jaa) 2 ol (2 g
U Prop3-24 . Determine the distances x

and y for equilibrium if F1 =800 N and
F2=1000N?

> F,

2m

Jilaia JS&) 0 2 Ao

y=2m
Y
¢ B=5/32°
-
m 0=5/.32"
s

|E -

) )
—=1{an)
I

L3 r=160lm=160m
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+* Three- Dimensional Force (3D)

¢ In the case of a three-dimensional
force system, we can resolve the
forces into their respective i, j, k
components .

oAl Al Judas Ule ) DG aUAL B
LS e ) Ledlal

F,

ip il Jgaa o N
j: Lgél.«d!\ )5 u.\c ANy
k: 23l s e AN

SF, =0
SF, =0
SF. =0

U Example: Determine the force in each
cable used to support the 40-lb crate ?

~

<4 f

= - “r~4 .
|
gl

dJ
|

Sl Gy

— 3 e

GO9S Y (Sl Bl cilfilaa) aas 1 A Y1 3 ghadl)
6 o ] SLBINY) S (055 of Byl ¥, L b
.. 138A g Jadd Lgdbaggaygi\h\@hﬁ&&@ugg

Jsaall dlaial o ddlueal) culls () Skl Gl (ha
Al ¢y g
C(-3ft, 4ft,8ft)  B(-3ft, —4ft8f)

A(0,0,0) Jua¥) Ak o ddais

~3i - 4 + 8k
Fp = Fy 5 - -
V(=312 + (-4 + 6
= —0318F,i - 0424F,j + 0.848F;k
~3i + 4 + 8k
Fe=Fe —
V=37 + @) + @)
= —0318F i + 0.424Fj + 0.848F Kk
Fp=Fi s gl ) Lo didia Y
W= {40k} b Q) ) g e Aidata LY

3=, B+E+E+W=0
~0318F;i - 044F,j + 0.848F,k
~0318F i + 0424F,j + 0848F K + Fyi - 40k = 0
SF. = ~0318F, - 0318F. + F, =0 (1)
3F, =0, ~0424F, + 044F. = 0 2)
=0 0.848F, + 0848F - 40 =0 (3)

F, = 15.01b
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U Prop3-43: The three cables are used to
support the 40-kg flowerpot.
Determine the force developed in

each cable for equilibrium ?

SOL:
A(1.5,2,0) D(0,0,1.5)

u =
AD
{ -1.5 ) 2 )
l —
V1.52+22+1.52 /152422 + 1.52]
1.5
+ k}
v1.52 + 22 4 1.52
SE=0. F (1—") —400981) =0
S RV Ty R

Fip = T62.60N = 763N

Using this result,

SE=0, Fye- 762.69( =0

N
VIZ+ 2+ 1.52>

Fye = 3924N = 302N

)
SE =0 Fyp— 76260 ————| =0
e (\/1.52 v 2+ 1.52>

Fyp =5232N=53N

U Prop3-45: If the bucket and its
contents have a total weight of 20
Ib , Determine the force in the
supporting cables DA, DB, and DC?

L5,
Upa = 351~ 350 T35k

[.5, [ . . 3 K
Upe = =521+ 57] ]
N o
35 35 35
SF, =0 S g - g 0
— & x — 45 DA 3'5 DC
- 1.5 1 B
_r.Fy =0 _45FDA — Fpg + %FDC‘ =0
3 3
SF, =0 25Fpa + 35Fpc —20 =0

Fpa = 10.01b

FDC = 15.61b
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U Prop3-61: Determine the tension in
each cable for equilibrium ?

z

A(Olo)s) B(4)410) c(-zlslo) D(4)'510)

$ o 4 5
U =[ i+ - k}
LR o R v R A
4 5 5
I =[ k}
A0 v42+52+52 R 52] V42452457
2,2 .15
' ]
A {\/22+32+52 V224324 52] V22432452

4 2 4

EF_"_ =) FAB(W) - FAC(\/B—b) FAD(\/(]F) =(
4 3

EFy = () FAB(\/i—?) FAC(\/E) FAD(\/(E) -l

5 5
SE =0 —FE,(‘—)—F () F( )+8[)()=[}
: Mv51) i) AV

o

n

Fae = 85.77 N = 85.8 N
Fap — 577.73 N = 578 N
Faip = 565.15N = 565N

U F3-8. Determine the tension
developed in cables AB, AC, and AD ?

X 900 N

Face i3
AC-5] 5

Fa: J93a 5 (Gulaia 43 Jadd dyiac 43S ja 4]
G gl (Al
-3, 4
Fao= —j+-k
AD 5] 5
4 jralg S ja D5 Al JS) 2 g g ko iy ¥ S g e LB
L osaa o o ady gl o sgana cpf Al (5 53 Al

SF, =0 Fﬂ”{éj — 000 =0
)

Fap=113kN

| 3
> Fy=0— Fm"{g,'l - FJUJ{EJ =1

Faco=844 N

3,
2 Fe=0— Fap— Fac(z) =0
Fig=5%0G6N '
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O Prop3-10: Determine the tension
developed in cables AB, AC, and AD ?

Q Fao= Faocos(120)i — Fap cos(60)j +
Fap cos(45)k

Q) Fas: Fasi (M‘Jﬂ‘u}‘m
2 sall)

O Fac=
Fz= Facsin(60°)k
Fx= - Faccos(60°) sin(30°) i
Fy= Faccos(60°) cos(30°) j

) Fy =0 A33F - 5Fyp=10

). F. =0 866F ¢ +.707F;p-300=10
Fio=2031b

F”J=lrbm

L

2 =0 Fyp-
Fip=1301h

DFyc-Fp=0

> F3-7. Determine the magnitude of
forces F1, F2, F3, so that the particle is
held in equilibrium.

Y 900 N
|

SOL :

= Fo*t #3 .3 A
Fs=F; 5k+ F35*51+F3*5*5]
F1=F1*%k+ -I-Fl*gj

Faor o) aadl jsaall o Alihia

SF, =0 (S)Fy(2) +600— Fy = 0
_'I' ]
i 3 i
F =0 = (=|F —|Fal=) =10
> T' 1 — {G’I a{er
i 3
Y F, =0 (2)Fs+ (5)F: —900=0
Fi=466 N
Fy = 870N
Fy=T76N
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4

Force System
Resultants 121

Chapter Objectives 121

4.1 Moment of a Force—Scalar
Formulation 121

4.2 Cross Product 125

4.3 Moment of a Force—Vector
Formulation 128

4.4 Principle of Moments 132

4.5 Moment of a Force about a
Specified Axis 145

4.6 Moment of a Couple 154

4.7 Simplification of a Force and Couple
System 166

4.8 Further Simplification of a Force and
Couple System 177

4.9 Reduction of a Simple Distributed
Loading 190

O When a Force is applied on a rigid
body about a point O is defined as
the product of force and
perpendicular distance of the point
from the line of action is called a
Moment .

Al Jga (ol pui Ao 348 (ki aie (]
Al oo B ke s (gl e (eSs  Badaa
Aaia) gl 5681 (pa And galald) ABlically Ay g piaa
. 4 sllaal) 40283 ) 568 Jas b

U When a force is applied to a body it
will produce a tendency for the body
to rotate about a point that is not on
the line of action of the force. This
tendency to rotate is called a torque .

a C;U\gd&wﬁl‘éww\c'&ﬂ\éﬁhﬁﬁs
3 5l) Jas Jad alaia) o udd (ST Al

Q

/"‘T‘\ M()
\ p

d
¥ O Y\

d : Moment arm or perpendicular
distance from the axis at point O to the
line of action of the force.

p pJad) olad)
5ol olatly ( aolal) dy aua

G 94 (98 Adalll) (olaily) s gine ) Gl IS )
el U3 GMA

¢ Resultant Moment :

Litd Adadil) (udi o figa )gd ade (e S

Jdoandl & ey AL aa aje JS Qluag a6l
aJadl J Axilgdl) 3 Lay) e
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(,HMR)U = EFd; (MR)“ =f Idl - ngg T F3d‘1

» Counterclockwise or out of the page or

moment sum is a positive scalar or
aclud) 8 use

» Clockwise or into the page or moment

sum is negative scalar or <& aa
aclud)

» Exampled.1 : Determine the moment
of the force about point O ?

XYL 3 guaiiall 138

‘IIIII

2
Z

O 9

2m

2135 YL 3 geaiall 138

v
__<llllllll-l-l-t-1-—

e
SOL:

My, = (100N)2m) =200N-m )

Aslud) e (use (98 o) slady) L2 4 Ladl
ouse Jad Jady (81 s dlll VA g cun gall 98
Gl Gl gadl QS Jla B e ga A luad) i
aclud) o jlae & Y ejﬂ\ K7 0‘ UJG aNa

EXAMPLE :

| 2m i

Mg, = (50 N)0.75m) = 37.5N-m )

EXAMPLE :
N\
- 2 ft
X
o go( \. 30° Y40 1b
¥ S

|

|

|

] . [
I 4 ft i

T 1
2 cos 30° ft

My = (40 1b)(4 ft + 2 cos 30° ft) = 229 Ib- ft )

Ailuual) £ g 30 J pra s

| 2m i
d=0.75 0.75m
- l SON
Lj‘i YJUIY
(b)
i J| d=4+2cos(30°)
A\
21t )
N ol
Ogﬂ . 30°Y 40 1b
» i
| 4t |
2 cos 30° 1t
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EXAMPLE :

‘-— Zm—-‘
—

I m
<«—1—7kN

0 (e)

‘-— 2m a|

f
Im
- ‘ e BF3 NI

d=4-1 4m

My = (TkN)(4m — Im) = 21.0kN-m )

O Example4.2

40 N

@J%Jécﬁﬁ‘)ﬂ‘a'bwgﬂ\sﬂ‘ |
A2 00 Y A i aall ¢ 5% A gllaal) Adadll
Adlca

Al (g Lgi Ll Biiat 598 <9 548548 Jad O
ALl B LAY 7z A0 sl aaadly a i

s 58y S ey (IS 13) 9 3 68 A Unlual auad [
CMA g dua ga B LAY (0 eSid 4 gllaal) Adadil)
b &lld

sl s Aol o jie Guse G2 d) O

C + (MR)“ = EF([:

(My),

=50 N2 m) + 60 N(0) + 20 N(3 sin 30° m)

=40 N(@ m + 3 cos 30° m)
(Mg), = =334 N+'m = 334N'm)

U Prop4.4: Determine the moment
about point A of each of the three

F,=3751b F,=5001b
5f)4
{128 " B
- .51t
8 6 ft ! 5ft~‘

Fr=1601b

(;-I- (MFl)A = —}75(3)

= =30001b+ft = 3.00kip+ft (Clockwise)
i ¥ sl Ol GgSaw , B4Rl sladly dalal aa O
b BLEN) (4585 UM Adaly

C+ (Mp,)a = —S(}li](%)( 14)

= =56001b-ft = 5.60 kip - ft (Clockwise)

Alual) 0¥ 10 e Ll ARGl A A8 5al) O
BLEY) (1985 g Agalual) 48 jally Jadh ol AN jhia (oS3
. Lol A

G+ (Mg) 4 = ~160(cos 30°)(19) + 160 in 30°(0.5)

= =259 Ib-ft = 259 kip- ft (Clockwise)
d

Alca 23 g9 (S pal) Y (insS pal) Jalaty a gl Ua O
Gl £ 8l AR e
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s ft —=—m—— 1

F,=3751b

d:8+6 F;=1601b
d=8+6+9
F =3751b Fy=5001b
\ i
WA 3 A
Y _
d=05 L
'-—sn—~—6ﬂ~l»5n—
ES
Fy=1601b

\/

U F4-4. Determine the moment of the
force about point O. Neglect the
thickness of the member ?

S

Pl()() mm-—

50sin 60

50 cos60

]——l()() mm—“
BRI Jlad LaS (S ya (41} 200 Jad

Fr,=50cos60 =25 N
F, =50sin60 =433 N

dy = 100(107%)+ (200(10~) co 5+ 10010°%) = L4 m
d, = (00(107%)sin 45 = 1414 m

0.001 & Ui pda Uil cihaa gl (3 gty Liah Jusd

Mo=Fd +Fd,
Mp = 433N 31 4m) - BN 1414m) = 112N m
QO F4-6 Determine the moment of the

force about point O ?

S00N

3m
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S00N

li—.
Mgy =500-3 cosdd” = 1060 N - m
358l Jlxia) aa Jalasii i) o jald olif Jasd Lia 5 Al

U Prop4-16. If the man at B exerts a
force of P = 30 Ib on his rope,
determine the magnitude of the
force F the man at C must exert to
prevent the pole from rotating, i.e.,
so the resultant moment about A of
both forces is zero ?

30 (cos 45%)

aJe JSEI Y Ay sllaall Alilly a3 A o 58 O
daaa g 4 gllaal) 4dadll) die o jad) e O
Jedl B Jara A5 e A 2l

C+ 30 (cos45°)(18) = FG)(]Z} =0

F=3981b

QO The cross product( (RN @ ) of
two vectors A and B yields the
vector C also it is written :

C=AXDB

O The magnitude(,)84l)) of C s
defined as the product of the
magnitudes of A and B and the sine
of the angle 0 between their tails .

C = AB sin 6.
(0° =60 = 1807

U Direction(sw<¥l) : Vector C has a
direction that is perpendicular to
the plane.

G gasale GsS E Gl qpall Ades sl ja) 2 O
_BJM‘Q’AG.AJAJQLGSGEM\

C — A < B
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il T
¢ The commutative law is not valid; i.e., A X B # B X A. Rather, -
AXB=-BxA i — k

Same magnitude but acts in the opposite
direction

[f the cross product is multiplied by a scalar a, it obeys the associa-
tive law;

aAXB)=(aA) XB=AX(aB) = (A X B)a

The vector cross product also obeys the distributive law of addition,

AXB+D)=AXB)+AXD)

i X k =

i< j=— Kk —J
o< k — i Jxi=—k
K < i = j k>xj=—i
i x<i=—==~0
J>xXji=0
k <X k = 0

+ - +
i j K
AXB=|[A, A, A,
B, B, B.
A ¥ g il Bas gl) Cilgaia (38 Gl LAY g
1 | P
A, ATy
. By ~B.|)

) L - i A
k&d}i,gJM\JMQUA&\SAj\@A,Ui
Mﬁhdsgkwgdybgééi

— i(AB. — A_B,)

i g5, gakall jsaaly (aldld) Baa gl Axie &
Mﬁhdsgkwgdybgééi

— | P
A 2 = Ay
B N B.| |

Gudal) dalany o g Jai pualic day ) Y) ) A

(bl
- lrl'i{-")‘l.lr"'!:"): o A’BJ

Ba 51, 230 ) saaly galdl) Bas gl data & )f
Ala La JS bl g3 gale g 8]
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- Y i j Kk
% X ,.-"":‘._.. '
Fz. y = Mp=rXF=|r, r, n
' F, F, F,

= k(A B, — A,B,)

L e A Le aniy Llad (g duilgdl) dapall
AL Al

V=B -ABi- AR HAR -AD

U The moment of a force F about point
O, or actually about the moment axis
passing through O and perpendicular
to the plane containing O and F, can
be expressed using the vector cross
product .

M} r X F

U Here r represents a position vector
directed from O to any point on the
line of action of F.

4 gllaal) Adalil) (pa A gial) 2B gall 4nia Jiad (O
GsSmg 3 981 el oo Ao Akl (o) )
L 03T (i Ll () 1 1o gy Jlalall (il

Moment axis

X

I Iy, I, Tepresent the x, y, z components of the position
vector drawn from point O to any point on the
line of action of the force

F,, F,, F, represent the x, y, z components of the force vector

AL quall Ll o) ) 2y gl gl

M, = (I’\F - ’F\)l = (rF; - 'F\).] + (r.rF_\‘ - r\Fl)k

898 (a SiSh agag da B

(MH)” — z(r X F)
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U Example.Determine the moment
produced by the force F about point O.

Express the result as a Cartesian vector
?

120

F = 2 kN l

h \—
W Bas

4m ~y

L a0 Al BalAT cldiaa) aad ;A4 5ehadll O
b gall dnia leaa (a9 B 58l

B(4,12,0)

Q A(0,0,12)

r, = {12k} m and ry = {4i + 12§} m
dy i g o3 gl) Aaia Gl 1 AU 3 5kdl) (O
dapally 368l o Juaad S slarall 3 48l

Ol

(4i + 12j — 12k} m
V@dm? + (12m) + (=12 m)

F - Fu‘,“} = 2](N

= {0.4588i + 1.376j — 1.376k} kN

O paSS g 3 gl G 2B gall Aaia G pa 1 BN Bokdl O
. G dally 68

i j k
My=r,XF=| 0 0 12
04588 1376 —1376

= [0(=1.376) — 12(1.376)]i — [0(—1.376) — 12(0.4588)]]
+ [0(1.376) — 0(0.4588)]k

= {-16.5i + 5.51j} kN*m

ra: 4aie guaig Ayl (8 slisa (o) gall 4aia
Jaia) Ao dahidl of ) 4 gllaal) Adalil) (pa aB gall
. 558l Jas lad
Froad gl 3ghlly Galdd) 6N | glaal) Jlaa)
4300 B ghadl) b anala)
ddadtl) Jay Umida g of Ui aaslil) Qi (e - Adiadla
gl (o iy o) AL AdaR3Y) Uinida g A ¥
4 g JuBh g (3810 (15 il gl il G gSam g
Glwall

i 0§k
M()ZI'BXF: 4 12 0
04588 1376 —1.376

= [12(=1.376) — 0(1.376)]i — [4(—1.376) — 0(0.4588)]]
+ [4(1.376) — 12(0.4588)]k

= {1651 + 5.51j) kN-m

O Example4.4 : Two forces act on the rod
shown. Determine the resultant
moment they create about the flange
at O. Express the result as a Cartesian
vector ?

F, = {—60i + 40j + 20Kk} Ib

0 A y
t /
2 ft
|
/
Y 4t
f——BY <
Sft—

F, = (80 + 40j — 30Kk} Ib

5 58 Lisal CulS 3ilud) Jligaad) B prial g idERY) O
dapally olara 5 g LA 5 ¢y 68 LAl oY) g Baal g
NSRRI
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L e Al Bl cfian) aad 1 A6V 5 ghdld)
éﬂ\@ag@é@\gﬁﬂ\

B(4)51'2)

A(0,5,0)

{5)} ft
rp = {4i + 5j — 2Kk} ft

A: &ubjmﬁé Lﬁdbaj‘ JJMU.‘G @’SM.U\

A

Ay pia g 023 g1l At lues 1 AN 5 ghadl)
slana 3 g8 (Y Lgland ol g oUarall 3 gl
3 gladl) ety o 685 SUId CIDA g (IS disaally

of ARSIS g B 5All G a8 gall Ania : SN 5 ghadl)
QY (abaine Ua G o i S daally 058
B (S sa ol (s

(M) = XX F)

:l'AXF] +['B><Fg

gk ij ok
=(0 5 0[+]4 5
S I T

15(20) = 0(0)li - (0] + [040) - (5)(~60)]k
+15(=30) = (=200 - [4-30) = (~2)80)]j + [4(40) - 580k
= (301 - 405 + 60K) I+ f

U Prop4-28 Determine the moment of
the force F about point P. Express
the result as a Cartesian vector ?

F = {-6i+4j + 8k} kN

A

T T

6m

JZQ m

X
L a0 Al Jaliil) cililaa aad 1 A4V 3ghadll O
dag L (819 ad gall 4ada Glus a3 (e g B4
S Cabeal) bl gead) B 5 SN Uia g sy iR
Ua 8y Juald) dali Jga 2l alag) cistha
. Bdaq Ak Jga i gtha

P (0.4.3)

~—  1m Y

by, = (1= 0)i + (<2 - 4)j + (6 - D)k

=1{i —6j +3klm

.-MIP = Ipy X F
I

-1 -6 3

-6 4 8

(—60i — 26j — 32k) kN -m
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U Prop4-33. The pipe assembly is
subjected to the force of F = {600i +
800j - 500k} N. Determine the
moment of this force about point B ?

B (0.5,0,0)
C(05.07,-03)

te = (05 - 03)i + (07 - 0)j + (~03 - O)k
= 07 - 03K m

i j k
=0 07 -03
600 800 —500

= {—110i — 180j — 420k} N-m

U F4-10 Determine the moment of
force F about point O. Express the
result as a Cartesian vector ?

F=500N

59A1) Ly jal Al JalAll) cilfilan) aad 1 A 6Y) 5 ghadl)

saa gl) dala oS (a9 18 gall dale Glua a3 (e

BoRlly 4y pdg adgall dnia il ; ALY 3 ghadl)

slaxall

AADIS g 3 i) oo aB gal) Aia (o gl o)f 1 4B 5 gladl)

- Ol daally 05 0

F = Fup=500(4 - ) = 400i - 300;
M, =1, x F = [3j]x/400i - 300;]

= [~ 1200kN.m

a -Example. Force F acts at the end of the

angle bracket. Determine the moment
of the force about point O ?

(@)
T
0.2m
| 4
}‘— 0.4 m *‘l .,
130°

F =400 N
(a)

(Se=¥) A Y A8y )

G + M, = 400 sin 30° N(0.2 m) — 400 cos 30° N(0.4 m)
= —986N-m =98.6N-m )

M, = {—98.6k} N-m
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A Ay )

r= {0.4i — 0.2j} m
= {400 sin 30°i — 400 cos 30°j} N
= {200.0i — 346.4j} N

i ik
My=rxF=|04 -02 0
2000 -3464 0

= 0i — 0j + [0.4(—346.4) — (—0.2)(200.0)]k
= {—98.6k} N*m

U Example4.5 Determine the moment
of the force in about point O ?

~—d,=3c0s30°m—
F, = (SkN) cos 45°

dy=3sin30°m

130° F, = (SkN)sin 45°

X

(l+ M() = _F.\‘d\' = F\'d.\
= —(5¢0s 45° kN)(3 sin 30° m) = (5 sin 45° kN)(3 cos 30° m)
= -145kN'm = 145kN+m ) {ns

U Prop 4-20. The handle of the hammer

is subjected to the force of F = 20 Ib.
Determine the moment of this force
about the point A ?

C+M, = ~2c0s 3°(18) - 200 30°0)

= =30L.771b+in = 362[b+in (Clockwise)
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+* Sometimes, the moment produced by
a force about a specified axis must be
determined

Jdaa e Joa ajall Claa s L CBMAY) o
Al Joa il Loitd

a, a, a
M, = (rxF) Iy ry rz
£ F, F.

U Example4.8 Determine the moment
Mae produced by the force F in
which tends to rotate the rod about
the AB axis ?

&N

F=300N

/ 02m~ B

X (a)

L e Al Bl cldiaa) aa 1 68 8 ghadl)
Al (g algall Antia )l (g ugllaall ) saal)
paa g1l Aaia laia ala

Iy {0.4i + 0.2j} m ; .
Uy =—= = = = 0.8944i + 0.4472j
[y \/(0.4 m)* + (0.2 m)”

Al 5] (pa aB gall Aiia Guuad 3 Ailil) 3 gladl)
Bl dlaia) o AdakS i ) ‘-UMUM‘&
c.\.\huW\d@.u.\uSlgﬁ i aladia) Jgla g

{0.6i} m

Cra STy culd S dqiall 138l aladiin WiSay

-

A ggd) Sl

d: usaall o adi Al Jual) ddadil) o dBlual)
5 g8l A\.\.u\u.\c ‘_,J\ M\JHQM‘

dasally 5 g8l (ST o e 1 AEIEY 5 ghadl)

 Lgie asiad ¢ 3 <)
{—300Kk} N

. Jhall) (B 3 g sal 538 (Gaba ; syl Sl 5 ghadl

Mg =gty XF)= | 06
0

= (.8944{0(=300) = 0(0)] - 0.4472

=80.50N+m

08944 (4472

0
0

0
0
=300

10.6(-300) - 0(0)

+0[06(

(0) = 00)]
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U F4-15 . Determine the magnitude of
the moment of the 200-N force about
the x axis ?

<

0.3m

F=200N

£

ko

F=10.37;+0.25

F=Fecosai+ Fcos 33+ F cos-~k

o = 1207, 5 = 60% -

= 45~

F =200 M

F=—100i+1007 + 1002k N

1 0 0 |
M,=| 0 0.3 0.25
—100 100 1002
0.3 0.25 o
M, = 100 1002 = 17.4 Nm

U P4-3. In each case, determine the
resultant moment of the forces
acting about the x, y, and z axes ?

100N

200N

Im 300N

¥
Al A8 hal) Juabi i G0 g Jipend) 130 Jad ()l 22 g
llaia) o<1 £yl Al A8y ) ) ae Wil WAAAL Lidd
3y Lgad Undl)

g yay (Al JalAdl) cldlangan o A 6Y) 5 ghadl)

A (g adgal) Anlia dlag) al (g ugllaall ) saal)
sda olf dade laie Moy

ux: 1i + 0j + Ok
uy:0i + 1j + Ok 138 1 i g8y Laila | Jada
UZ:0i+0j+1k
dhii o] (e 2B gall Aiia Gauad 1 ALY 5 ghadl)
3 581 daia) Ao ddakS o) A quslhall jsaal) o
e Gilual) Jguad (81 Adgs Al ladis) Jgla g

daally 5 gal) eSS o) caag 1 ALIAY 5 gladl)
8 0N 4l ga o 68 pea Jalai L) Layg ¢ 5 )
S ddsay Laily

, JEaY) 8 3 sa gall SR (gula 1 Aaal ) 3 gladd)

s5aal) adady 3 gBl) Jao Jad g gaall 45) gl 8 581
pnd ¥ gl

100 A kb aje Jaad Al 5 gl
Mx=uX. (r*F)

My=-300

65




& P

My=Uy . (r*F)
My= -400
200 & L8 aje Jaxi Al 55l

da 099 o aglad
A )
2 0 0
0 0 200

M.=u;. (r*F)
M.= -600
300 (A hdd o e Jaad Al 5 g8l

Ja 090 sha agiad

(o 0 ) 1
2 0
0 -300 0

QM\ AadA
s ) ) gaall Jadadl Ui 1)
) B puila gl 4 50 252 gall B g8l ilS g o
L s saall J 4y gall ddball

) 30 &S pall (B B3 g ga B gl LS 1) g o
gkall jsaall J 4yl gall ddlally

s galall [ gaal) § ajadl Baji1d)

) B puila Ao 48 a2 92 gl B4 LSy
MTPRER IR E I

e 8130 A pall B By ga B g S 13y
i) 55l )yl Aibanally

;330 gsaall Ja el U 13

Q) B puila Al 4 sa 252 gall 3 Rl ilS g o
il gaal) J 450 gal) Al
Liacad) A8 yal) B 3392 ga B GRS 1) g o
gduall ) saall 4y gal) Ablually G )

s A couple is defined as two parallel
forces that have the same magnitude,
but opposite directions, and are
separated by a perpendicular distance

Ofsf L r oAbl 5 Jualll g gdagal) o

dBlas aginy ClaSlaie Gl igie O shude

A gale
| )
- -
«d
] -
—F
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U Example4.10 Determine the resultant
couple moment of the three couples
acting on the plate in ?

F, =2001b

Fy; =3001b
—dy = 4ft—

F,=4501b Al —=—

T N\ds =St
dZZBftPE_-'_:"' ‘

e
F, =450 1b
F, =2001b F;=3001b

598N san) AU U (g g U dan G Y 1 Jal)

B9A1) (i g gk Aga galad) Ablsall i Lo puai g
Ll UAA LaS ALt) g JaB g Lgd dlilaal)

C+ My = 3M; My = =Fydy + Fydy - Fyds
= —(200 Ib)(4 ft) + (450 Ib)(3 ft) — (300 Ib)(5 ft)
= =950 1b+ft = 950 Ib-ft )

U Prop4-76 Determine the magnitude of
F so that the resultant couple moment
is 12 kN # m, counterclockwise. Where
on the beam does the resultant couple
moment act?

O aei, Aaualgs Sby laa Jasew i Ui
5 58l lus dlia alhs g 77 g0 Jal) Caia gall

— I I
SL\N —~1 0.3 m
1.2 m
- .4 m
: ye
C+Mp=3Mg  12=(Feos309(03) + 8(1.2)

['=9238kN = 9.24kN

U Prop4-78 Two couples act on the
beam as shown. Determine the
magnitude of F so that the resultant
couple moment is 300 Ib.ft
counterclockwise. Where on the beam
does the resultant couple act?

) —F
213
T 200 1Ib
] 1.5 ft
- 200 1Ib
5 7
F 4
4 ft

3 4 g
C o+ (Mg =7 F4) + %F(I.S) — 200(1.5) = 300

F =1671b
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U Example. Determine the couple
moment acting on the pipe. Segment

AB is directed 30° below the x—y plane
?

O olaiy) (b iuaSlaia iy s (15 58

O dea Jeul) |, pasall (A Jua¥) Aok UMA) Lia
S saa) Ly pal Akl A g pall Al

M =1, X (-25k) + 1 X (25K)
= (8j) X (~25k) + (6.cos 30°i + 8 - 65in 30°K) X (25K)
= =200i - 129.9j + 200i
= {~130j} Ib+in.

O o san gy yat A5 a2 sall Ln
feaa Laadls g Jall U puaidld

M = ;5 X (25Kk)
= (6 cos 30°i — 6 sin 30°k) X (25Kk)
= {—130j} b in.

U F4-13. Determine the resultant couple
moment acting on the pipe assembly ?

i M), =2

50 1b -ft

ALkl Gud cilagall aa, Ua Jisadl O
dxiag 4y ey ellig o) Jyad Y | ¢3S
saa gll

Aaia i Gag hilaY) aad 1 Jal) il ghd [
poadl dad i dg g Ban gl) Aaa ol (a9 @B gall
S R agrad Al (g agadl AL J13Sa

ri = |—2i+2j+ 3.5k

V(22 + (22 +(3.5)2 =45

M; = 430(~ 0441+ 0445+ 0.78k) = [ 1983+ 108j+ 331k

'_2‘4— 2 + 3 Gk
_1 —
ST T IS

= [—0.44i+ 0.445 + 0.78k

um,, =

L i+ 0j — 1k

01 + 0§ + 250k

Mo =230{0i +0j + 1k) =

rla = (1512 +(—-2)2 =25
15, 2. 0

1. = |—1 e e

s = 51T 9l T o ER

— 10,61 — 0.8j + 0k

M.5 = 300 [11—[] ""g]+[]|k,| = lﬁ[] 2405 +[]|k
My =M, M, + M,

::—1']3i+103j+351k+:[li+[] [lk+1*[] lD+[lk

= [-20i- 40} + 100k
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U F4-24. Determine the couple moment
acting on the pipe assembly and

express the result as a Cartesian vector
?

Fy=450N

ot

Ol gledia Gligd | 7z 9a3all adal) Ao Jiigud) 13
slady) & (liuslatia

0i — 4j + 3k

0i +4j — 3k

rl=+/(—4)2+(3)2=5
g = Ui — 0.8 + 0.6k
ug = Ui+ 0.8j — 0.6k

F 4 = 450{0i— 0.8j + 0.6k) = [0i — 360j+ 270k
Fr =450(0i+ 0.8 — 0.6k} = [0i + 360j — 270k

I' 4
'G5

i j k
My=rgaxFg=14 0 0
0 360 —270

= [0i + 108j+ 144k N-m

rga = [4i+ 0j + 0K

U Sometimes it is convenient to reduce a
system of forces and couple moments
acting on a body to a simpler form by
replacing it with an equivalent system,
consisting of a single resultant force
acting at a specific point and a
resultant couple moment.

353 gl alail) Japeuily o g8 G 1 JLaldly £ g gall
Bgagie 99 6P 16 1525 (0 JY gl

558 @ (s 5Bl Jafiau A Ul g JSLa (g Ciany
138 g Jaid aal g a6 o Lgdadiund a g jal) g Jaid Baal g
. Eyasadl 2

(Fp)y = 2F,
(FR)'\* = EF\
(Mg)o = 2Mp + 2M

U Example4.11 Replace the force and
couple system shown in by an
equivalent resultant force and
couple moment acting at point O ?

0.2 m \N
4\S
3
5 kN
4 kN
O &l
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i)(F R).\' = EFx;
+T(FR)\ = ZF\’

(B = (kN cos 30+ (35 ) = 598 kN~
(F = (1) s 30 - £)(5KN) - 4 = -630KN = 650 kN
|

Fo=V(F): + ()} = V398N + (650 KN} = 838 kN

6.50 kN
tan ' = 49.3°
- <5.598 kN) ?

_ ]<(FR))'>
0 = tan =
(FR),\'
O &l

oA ga g adl JalS o) Wile gy W1y O
S 2 Wran o (g o dualdll) 3 a3

b4

(3 kN)sin 30°

J (3 kN)cos 30°

DO b N
. e - oo 3
S e e N ?(5 kN)
o :

0.2m i-

O s& alsall € oline Lab qullas a o) il g (S 13

oSe g mnaally LhlA O 4l b el
Sl 58

0.3 m —1\
4
~5~(5 kN) J
4 kN
(b)

() T M)y = ZMOZ
(Mp)o = (3KN) sin 30°(0.2 m) - (3 kN) cos 30°(0.1 m) + (:)(5 kN) (0.1 m)
- (4)5Kk) 03 m) - (4R¥YO2m)
= 246KN+m = 246KN+m) g5

U Example. Replace the force and couple
system acting on the member in by an
equivalent resultant force and couple
moment acting at point O ?

porl) g st ga Ao il 3y ) A haa g Jsad) O

MMA*'Y s sl QMQMYC\J&GJJ}A\

poadl il B Anual LESY 5 iy

S00 N
750 N /
200N
0 Il m
b{ _ )| Im
~—1.25m—++-125m— |
1 AN NI

(6 = s ) = (] = 0N-
) = I8, (B), = G0N ) - 50N = -350N = 0N
Fr = V(Fp)} + (Fp))

= V(300N)® + (350 N)? = 461 N

(Fg), 3
0= tan"((FR)' ) = tun"(SON> = 49.4°
R/x

300N
C+ Mp)o=3IMy + M
(Mg)o = (S00N) (#)(2.5 m) = (S00N) (3)(1 m)
~ (750 N)(1.25m) + 200N +m
=-375N'm =375N'm )
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U F4-20. Determine the resultant couple

moment acting on the triangular plate
?

200 1b

200 Ib \ 150 1b
\

300 1b

300 Ib

.J,. +J‘Ll!r|:"“
= 300(4) + 150(4) + 200(4)
= 26001b. ft

U Prop4-100. Replace the force
system acting on the beam by an

equivalent force and couple
moment at point B ?
3kN
25kN 1.5kN 30°

53 -l
3

4m

—2m-—F

5F, = 3F,:

1

|
Fy = 15530 - 2.5(;)
=-1HkN=105kN «

Fr, = -1500s30° - 2@ -3

= —5700KN = ST09KN |

F 3

Fr =V}, + Fy =

1.25% + 5.799% = 5.93kN

B WY () W
A = tan F_ = tan l—"v =718 ¥
R, A

) e Ag gl 30 Ui 13 2 dg gl 31 o ey a6
O 9809 Ablhaal) adlll puad | il L&) pudad Y aldl)
4zh dad) gl &y ) aa

3
C+Mp,=3Mp:  My=150s30°Q2) + 2.5(;)((1)

= [Lo6kN-m (Counterclockwise)

4 glhal) ddabilly Jal LY ade Jaad ¥ (g 3 364
Gl b G (3l LY @IS 2.5 J Abual) 458 0
dlind Loy 1,5 Al A sal) Lyl o 52
s alay)
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U Prop4-103. Replace the loading system
acting on the post by an equivalent
resultant force and couple moment at
point A ?

650N
30°

¥

5
300N .
500N -m 1

[ YA

IN
! /<\t 60° B
e

—3m

I Jm ! 2m—-‘

Q sol:

%, (Fo)y = SE: (Fg), = 630sin 30° - 500 cos 60° = TSN —

+1 (Fg)y = 2E: (Fg)y = =650 cos 30° = 300 = 500 sin 60°

~1295.93N = 120593 N}

Fp = V(2 + (F = VT3 + 129593 = 1298.10N = 130 kN

86.69° = 86.7°~%

= tan"{ (FR}}'] = tan‘l(lz()5-93)
(FR}X 75

CH(Mp)s = My (Mg)s = 650 cos 30° (3) + 1500 = 500 sin 60° (5)
= 1023.60N-m

= 1.02 kN - m (counter clockwise) Ans,

U Prop4-108 Replace the force system
by an equivalent resultant force and
couple moment at point O. Take F3 =
{-200i + 500j - 300k} N ?

sol :

QSN dipally (s 681 JS 01985 O g 1 A oY) B ghadl)
32 S0 5 g1 o slleal) ALl (e ) dnie ) conrs
GaY a el

1, = {2jjm rp={15+35] rn={15+2m
F, = {300k} N F, = [200j} N F; = {=200i + 500 - 300k} N

g dgalall g i) (s g8l £ gana dag) AU 5 ghadl)
i (4 (ot () uilatia geadl (198 Oy 23N Lgaa o
5

F, = 3F: Fo=F+E+E,
= (=300k) + 200 + (2008 + 500 - 300k)
= (=201 + T00j - 600k] N

OSIRN (lal ( ok (8 pgjall £ gana dlay) 3 ALY B gladl)

(MR)O = EMol QMR)O =1 X F] T Fz +h X F3

k[ K ik

102 0 [<[15 3 o[+]15 2 0
00 -3 [0 0 0f |20 50 -3

= (=600i) + (300K) + (=60 + 4505 + 1150K)

= (=120 + 450j + 1450k N-m Ans,
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U Prop4-106 . The forces F1 = {-4i + 2j -
3k} kN and F2 = {3i - 4j -2k} kN act on
the end of the beam. Replace these
forces by an equivalent force and
couple moment acting at point O ?

7
&

Ans.

Sol :
r1=(4i - 0.15j + 0.25 k)
r.=(4i + 0.15 j +0.25 k)
Fr,=F + F, ={—1i — 2j — 5k} kN
Mpo=1,XF +nxF
i i k i k
=14 =015 025+ 4 015 025
-4 2 33 4 -2
= (=005 + 11j + 74k) + (0.7i + 8755 — 16.45k)
= (0.651 + 19.75) = 9.05k)
Mgo = {0.650i + 19.75) — 9.05k} kKN *m

U Prop4-110 Replace the force of F = 80
N acting on the pipe assembly by an
equivalent resultant force and couple
moment at point A.

& P
A
e
) mm
& ~ 300 mm y

S 588 odn g AN Ll ya ) (5 g8 Jad : A oY) B ghadld)
3 Sal) o aaly ALY Al

Fp = 80 cos 30°sin 40°1 + 80 cos 30°cos 40° - 80sin I0°k
Ay dpdlall g Lbuad) 58 £ gana Aoyl : ALY 5 ghadl)
oadi (1 (i ) uilate gaad) 08 ol 23D psaa e

Ban) g 5 g8 Jath Lipal Ui g £ oill
= 3F:
F, = 80 cos 30°sin 40°i + 80 cos 30° cos 40° j — 80 sin 30°k
= U453+ 35307) - 40k
= [4451+33.1j-40KkN

QA Gkt 3ask (e agjall £ sana alay) ¢ AN 8 gladl)
i | k
Mpy =My Mg, =105 04 =02
453 5307 40

= (=531 + 131 + 114K Nem
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U Example The structural member is
subjected to a couple moment M and
forces F1 and F2. Replace this system
by an equivalent resultant force and
couple moment acting at its base, point
0°?

M=500N-m |

Sol :

OSSN dapally s gl JS 0SS o)

oY) b ghal)
323 0 8501 o sllaal) AL (o gyl i slag) ot

Gay ajall
F, = {-800k} N
F, = (300 Nyugg
|“,
= (300 N)( “’)
Tep

{ (0151 + 0.1} m
- m y) b
\/(-OISm)' + (0.1 m)°

Al Asball g Al 5 g8l £ gana slag) 1 Al 5 ghadl)
w&wwé\wlmyd\uﬁu\\guj\‘)\guub
£

} = {-24961 + 1664} N

Bo=3F  E=F +F,= 800k - 24961 + 166

= [-250i + 166 - 800K) N

Y Buli 51k 8 pgiall £ gana Say) 1 AN 5 ghadl)
il o M) B gRN Jla Jlag 4d) (of 8RN Jia Jalay pjadl alally

5Py = 3F,:

MFy=3F: By

M = =500 () + S00(3 )k = (~400] + 300k} N+
Jae saa o Ak gl ) 4 gllaal) A (ha @B gal) 4

5.a1)
(Mp), = XM + IM,
(Mp), =M+ rc X Fy + 13 X Fy
i j ok
(My), = (-400j + 300k) + (1k) X (-800k) + [ -0.15 0.1 1
-2496 1664 0

= (~400j + 300K) + (0) + (~166.4i - 249.6))

= {~1661 - 650j + 300k} N*m

U Prop4-118 Replace the loading acting
on the beam by a single resultant force.
Specify where the force acts, measured
fromB ?

700 N
450 N 300 N y
60°,
:/\= Bi
A E =]
JIF & N )
‘ 1500 N-m

‘——2 m ! 4m I

Lalall g Do) il pal) ) o 68l Ja 2 A gY) 3 ghadl)

3m ‘

Fy=80cos60° - M0sin 30" = -1BN=15N «

=430sin60° = 700 cos 30° = 300 = 1296 N = 1206 N
L dualdd) 45 90 311 5 Alaniall 5 gl alag) 1 ALY 5 ghadl)

F — \V(—125)2 + (—1296)%Z = 1302 N
29 :

o — tan_](l—.ﬁ) = 84.5%
125

AU aly Uggaal) ddlocaly WLy ya g Ayaball 48 yal) LAL
ClIAY ARl Gyl 5985 Appaad) 48 pal) Y Llaal) 4 all
pJe W o

Ol S Sage Al dsld) G i aa s 1) ajad) Lia b Lia
Qs guse Jaad O ga Agle Cjlaiall (Slg uSal) Jaas
a gall s Asludl

T
(1 Myp= 2y

1296(x) = =430 sin 60°(4) + 700 cos 30°(3) + 1500

x = 1.36
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U Example. Replace the force and couple

moment system acting on the beam by an
equivalent resultant force, and find where its
line of action intersects the beam, measured
from point O ?

‘ I.Sm—f—15m——15m—-—15m—
BF=3F;  (Fp, = 8KkN(2) = 480kN -
+1(Fp), = TF;  (Fy), = —4KkN + 8kN(3) = 240 kN1

Fp = V(4.80kN)> + (240 kN)> = 537 kN

G+ 00y = 2y
- (8N 05 m) + [8N) [45m)

240KN(d) = =(@KN)(LSm) = ISKN+*m

d=28m s

U Prop4-116 Replace the three forces
acting on the shaft by a single resultant
force. Specify where the force acts,
measured fromend B? s

3 i 2ﬂi 4ft i
i
12(\13
5
5001 Y
000 2601

F = V(=300 + (—740)2 = 798 Ib

740
f = tan ! (%) = 67.9° >~ |

] 12
C+Mpp=3M  THO0(x) = 5[](](%)(0} +200(6) + 2()[}(_17)(4)
h J

r=06371

U Example. The jib crane is subjected to
three coplanar forces. Replace this
loading by an equivalent resultant
force and specify where the resultant’s
line of action intersects the column AB
and boom BC ?

6 ft \_

175 Ib <= [ 0D
51t ‘
A
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Sol :

,u.uammmmum$ayusmmwmwm
Ol da @ Lal | Jadd djaliall AS gall g ddaed) 43S yal) J Adlasa

)l alisy

i*(FR)\ =3F; (Fp). = =2501b(2) - 1751b = =3251b = 325 b

H(Fo) = 3F,; (Fp), = -2501b(%) = 601b = =260 1b = 260 bl

Fr = V(325 1b)> + (260 Ib)> = 416 1b

0 = Izm'(

L) 48 jall olat) alad ciad | uilSa die Adluwal) Lia calla
Laai o) LiCey 548l 5 Aluasal) 568 olad) alady dualallg
Bl Jao Jad a)aia)" Wil LLGAU LaS @ gudn gal) (i (3919

_‘ {

260 1b
3251b

) = 38.7° >

|
l

R X

B
‘g“"Eﬁ‘nsmEE;f—'
L g 260 1b

C

Fpr

ot ‘
lwlé'i%my
_ aal : X

A

A L) gl of g LA ga g adadl J Wilua aa e o8
LW pd Akl

BC

G+ (Mp), = EMy;  3251b (110 - 2601b (x)
= 17510 (5 1) - 6010 (3 ) + 250 1b(3 (11 ) = 250 1b( (8 f)

x=1091t

AB

G+ (M), =My 3251b(y) +2601b(0)

= 17510 (5ft) - 6010 (3 ft) + 25010 3) 11 f) - 250165 )8 o)

y =209

Aniil) (il sie ajadl il g 4 glhaal) Aadall) J agoaay Lidd
A g (o Lide Jajd cuad (o 9 Wil Lo LB )
W o A Ak
U Example. The slab in is subjected to
four parallel forces. Determine the
magnitude and direction of a resultant
force equivalent to the given force
system, and locate its point of
application on the slab ?

400N

600N

(a)

Sol :

Lasay A OY glaall J 4 ga Lgasan 3680 ) Lay
il JLEY) () Lyl e Aluanall 6Bl aa | ¢ S

= 600N + 100N - 400N - S00N
= 100N = 140N/

HF = 3F Fy
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Note :

asasall Bl Sy : cuadl Jgaall J adadl Lagi 1Y)

sl J &1 sl BBl 3 oy 5 ,8n Apid S a

Qdl 330 A el B Bagaga BBl cilS 1Yy 23
gdl.a.éﬂ Jsaadl J a,gjb.d\ Adliually

*,

o
A5

292 gall B5Al CuilSy 5 galuall jgaall J ajadl Uaji 1Y) o

ssaall J 4 ) sal) Ablusall G ) B peilaa Ainn 4 5

Q) a3l Sl B Bagage BBl cilS 13y 3
i) gaall J 45 gal) Adlesally

898 o) ol LW gaall J 4351 5a8 8 o O (i g o
g ¥ LIS G glhaall ) gaval) adaly § 5810 Jac Tad 31 5ia)

(Mk)x - EM.\':
~(1400 N)y = 600 N(0) + 100 N(5 m) — 400 N(10 m) + 500 N(0)
~1400y = =3500  y=230m

(MR),\' = EM\,:
(1400 N)x = 600 N(8 m) — 100 N(6 m) + 400 N(0) + 500 N(0)
1400x = 4200

x=3m

U F4-35. Replace the loading shown by an
equivalent single resultant force and
specify the x and y coordinates of its
line of action ?

<

400 N
100 N
3 m/
I LR
X
y 1;.'!1, = XF.; Fr =400 + 500 100

= 800 N

Mg, = SM,; —800y = —400(4) — 500(4)

y = 4.50m
Mg, = EM“,; 800x = 500(4) — 100(3)
x =2.125m

U Prop4-132. If Fa =40 kN and Fg = 35 kN,
determine the magnitude of the
resultant force and specify the location

of its point of application (x, y) on the
slab ?

30 kN
90 kN

0.75m
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o . U F4-42. Determine the resultant force
JFTFR = 1F; “Fp=-30-20-9-3%-4 and specify where it acts on the beam
i measured from A ?
Fp=215kN
w
160 N/m
(My), = IM;: =3(y) = =35(075) = 30(075) - 0(375) - 20(6.75) - 40(6.75) w=2.5x |
y=368m Ans A__ Vit l 1 l Y ;
(My), = ZM,; 203(x) = 30(075) + 20(075) + W3.25) + 35(3.75) + 40(5.75) 3 . im X
1=35m Ans, andl Ay adl Ay

» Sometimes, a body may be subjected
to a loading that is distributed over
its surface.

£ Eisa dan ) awall Gaply | el an
. )
» The pressure exerted at each point on

the surface indicates the intensity of
the loading.

, Jaal) B0 Jiay A3 S o ¢Sy (1) Jaial)
» It is measured using (%) in Sl units .

fasa sia JSU (g Ban g BA) el s

Magnitude of Resultant Force.

Fp = /w{-r} dx = /dA = A
L J A

Location of Resultant Force.

/ xwi(x) dx / x dA
_ L A
X = =
f w(x) dx / dA
L A

S AL o Uale g o) 8y gl ¢ AGY) Seldl O
el LIy e eSS Jalsil) dgaa g Aaaal) B gall
ool Algs

et
—| = 160N
4 1o
Sag 5 gall il lSa ol 48 e Ule 1 400G 5ghdll O
Jsb (GIAU dala a2 3 Vg G gAY (Gl Gk o
. Tg.«...u\ a4 u.b OeSa adlalsil

- 4
Fp = / IA = / 2 523 = 2.5
F. S

oS A

4
r- 2.5

_ J;l '”Lq _ ,J“ ki e -'jl"f.!' _
[404 .||"“L 2.50%dr

£

U Prop4-158 . Determine the magnitude
of the equivalent resultant force and
its location, measured from point O ?

- 7] 8.90 Ib//ft

i 6 ft
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Sol :

Fr = fdA

Iy

5]
f (4 + 2Vx) dx
0

4 58
4x + —x2
[‘“ 3‘}0

= 43.61b

f{4i+2,‘l’}dl

= {L;rz -+ i.x }
D 0

deF

= 142.51b - ft
142.5
x premm— prm— J-.»’
X 136 327 1t
U0 Example4-21 Determine the
magnitude and location of the

equivalent resultant force acting on
the shaft ?

w . 240 N/m
w = (60 x)N/m

dA = wdx )
L M Vi X

ofIF =

X -— dx

2m
Sol :
+|F, = 3F,
TG (PR Qe MEVOR o | G
o A( - 0 T 3 3 3

160 N

Zm 2m 24 04
/\dA / Y(60x%) dx 6()( ) . 60(1 = ~4~)

U F4-37. Determine the resultant force

and specify where it acts on the beam
measured from A ?

9 kN/m

~—1.5m— 3m se—15m—
psii ¢ Ll | Jalsill (o3 (sl ARiTiall JIi)

ui&ﬁﬂjd\sgﬂ\gmdﬁd\wﬁ)m@m&w

/A 160N 160N 160N
A
=15m

( Adkaia g
6 kKN /m F1=6*1.5=9
-L ‘llr L -L N Jakiees A (2 gad) * Jshalf
ﬂ
- _——&
-4 x1 from A=— 1%-0.75
- 1.5 -
9 kKkN/m
. w w w w w l F2= 9*3= 27
|~ yrp— 3
' x1 from A= 5= 1.5
= 3 m -
3 kNS
T 3 3 3 Fs=3*1.5=4.5
I 1.5
o x; from A=7 +3=3.75
- 1.5 -—

Fr=F1+F>+F3=9+27+4.5=40.5
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Next, find the moment about point A and equate that bo the resulant force
mipled by a ditance d.

-40.5d = 9*%0.75-27*1.5-4.5(3+0.75)
d=1.25m

U F4-38. Determine the resultant force
and specify where it acts on the beam
measured from A ?

150 1b /ft

UL

7°\8

|

81t -

Al

~ 6 ft -+

U SOL : Gleadl Jgu! daliiia JIS&) ) JSEY) acdi

il

%+

Al

- 6 ft -

gL Y) * saclal Jgk*(2/1) = JS&N dalua = 5580 O

| T
Fy _E{DJ{LJ[)J
Fp =4501b
i g 1 Gillally (aldd) o gal) § Al O
(Ladla Cpaddl I el (e lati)
@ Adlwal) @ pual B paall 4y g) 3 sladily LS 1)

,':.!:.
Gty A8luall o uad Aaill) 4 ) 310 olaily LS 13)

T 2-.’5' 4 ft
.!1—3~ )=

150 1b /ft

ARERRRAENY

fj B

T 8 ft

) *J skl = JCA) dalus = 5 il

8{150)
1200 1b

dlalsl) ddlaial) ) dBLa) JSil Chuaiia ; ad gall
4 gllaal) 4da8il) J Y pua g

6+4 =10t

T =

Fr=1200+ 450 = 1650 lb

é&ssﬁdﬁw\eﬁuﬂ

A B
e e
+5{ N
- o ft
piadl o 5i8 (gukad
M=f*d

-1650d =-450*4 - 1200*10
d=8.36 m
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U F4-39. Determine the resultant force
and specify where it acts on the beam
measured from A ?

6 kN/m

e 1 [ 1 l“lﬁl”"l“t‘ Fy

- {° B

| 3m ! 6m \

ng%ﬁ-ﬁzlﬁkl\'

1
X2=§ * 6

Fy=F +F=2TkN

Moment about joint A is:
:ﬁ,j,=—ﬂ- 1+ Fy-2
My=2TkN.m
M 4

r=— = 1m

=T

U Example. The granular material exerts
the distributed loading on the beam as
shown . Determine the magnitude and
location of the equivalent resultant of
this load ?

100 1b/ft [~

sol :
O AT AL La | JalSill o )a (e Aadiiial) JISEY B
ClSd ) JSA andity o g8 (i S (e (98 Lad) Uil
. pgra Jaladl) o oy a8

|| l LT

100 1b /ft

50 1b /ft
B

UJG;.*L..AJ\ Clalazdly o 580 J.MJQ&UJ\.M?S
1 oY s ds

: F,
3 — O
50 1b /ft | i | — S

= }
50 lb'_/_t'g A

Fy = YO f)(50 Tb/f) = 205 Ib — ety pas
Fy = OR)S0Ib/ft) = 450T) —» st
= 3(9 ft) = 3 fi

= 191 = 45t

=

]
|




+F, = 3F, Fp = 225 + 450 = 6751b
C+(Mp), = My X(675) = 3(225) + 4.5(450)
¥ = 4ft

U Prop4-143. Replace this loading by
an equivalent resultant force and
specify its location, measured from

point O ?
6 kN/m
G’ y ¥ y Y Y ¥y y
i,-_:.-—
9 2m I 15m I
AH2) KN 2(6)015) kN
___________ 1: S -
| y TS~

N
|( /m [Sm

1
) (Fey = 3F; —Fp = =4(2) = 5(6)(1.5)

Fr = 12.5kN

C+ (Mg = 3My; —125(d) = -4)(1) - %(6}(1.5)[2.5)

d=15m

- dadiiiall JEdU Ladald)

| L2 1Eg
Unifarm | R — W
Distributed Load [ | | ¥ | | |
Fg =wL = T |
| 213 JFr
Triangular rﬁ’ﬂ_w
Districuted Load
Fg =wlLi2 x L .
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Summry :

Loap TyrE ErrecTIVE FORCE
AT LoaDp CENTROID

U wl.
NIFORMLY
DISTRIBUTED 'l' 'L ‘l i S
LoaD

LI3 ywl/2
TRIANGULAR
DISTRIBUTED )
Loap

L(w +2w ) L(w +w, )

TRAPEZOIDALLY w, 3(w +y) 2

DISTRIBUTED E—

LoaD
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S

Equilibrium of a
Rigid Body 207

Chapter Objectives 207
5.1 Conditions for Rigid-Body
Equilibrium 207
5.2 Free-Body Diagrams 209
5.3 Equations of Equilibrium 220
5.4 Two- and Three-Force Members 230
5.5 Free-Body Diagrams 245
5.6 Equations of Equilibrium 250
5.7 Constraints and Statical Determinacy 251
« If this resultant force and couple

moment are both equal to zero, then
the body is said to be in equilibrium.
Mathematically, the equilibrium of a
body is expressed as

a)

F‘AT//
M, (

Ha s gl agadl g s A Alasa cilS 1) o
Qe Al amall oo J48 0 pplaliead LSS
K R SRR

0

3F, =0 Fp = SF = 0
2F, =0
SMy= 0 (Mg) = XMy =0

Jaalaall g (s 581 JalS 4 jra (a4 Y (il g8 Al (gadat Sl
O Adle LRSS o3 g jadl aad) Jabadia galai M ale JS
Sy maall LAY £ gdaga gh g Y (g ARy sk Juadl
plaiis Jlad) 393 ) dacd (o5 23 gy adleall | alleal 352 g

o AN 13 B i) JalS g Ll 4

U Internal Forces: the internal forces
that act between adjacent particles in
a body always occur in collinear pairs

such that they have the same
magnitude and act in opposite
directions .

pesad) il Cm S (AN Bl 1 Agtalal g gl
@M&QﬂJJ\M\M@JL&hgu}swﬁj
. oLyl
* Since these forces cancel each other,
they will not create an external effect
on the body.
o S5 Y Y il oda Jagd Al acal) ahada ay dis
. pedd)

+ A support prevents the translation of
a body in a given direction by exerting
a force on the body in the opposite
direction.

Al g8 ddaa ola) A acad) A ja e gl Al adleall o
. oSleall b@?\gés‘gg
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Type of support: &aul (s Bia ‘

types of supports

Fh h.l q i | M J F+h
] = ’T ”’;’ AKTU
* Fv Fv FV
(a) fixed or build in (b) roller bearing (c) pinned or hinged
- o= F A
F,
M
fixed support
D ;ﬁ
roller F
member fixed connected
to collar on smooth rod
(8)
7]
- ——— F.‘

smooth pin or hinge

(7

0 0

member pin connected
to collar on smooth rod
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U Example . Determine the horizontal
and vertical components of reaction
on the beam caused by the pin at B
and the rocker at A as shown. Neglect
the weight of the beam ?

600 N 200 N

4>\ 0.2m l
}
l 1D

2m [ 3m *

B

-
2m—
100 N

G Jalad dlle g s AGY) 3 ghadl)

A

T

600 cos 45°

600 sin 45°
sl & Ladiiial) adleal) £ o3 4d pa 1 A0 5 gladld)
I ag i gra e Y Jla By JIsed) Sl J gy salallyg

pin at B and the rocker at A

Pin : M&ﬁé.\bﬁlb&ﬂd\bl@ﬁ?\éﬂﬁ%
ééw‘\’g-'l‘-.\ud‘ c@‘g\@dﬂ{;dﬁh

Rocker(Roller) : il galall slady) 8 Jadh &IiS o A8,
Jagd ‘é.ﬁw\ slady) gékﬁdaéé‘)eﬂu& G165 Jagd

D e Agilill g AV B shadl) Jas any

.\I

ll(l(l N
B

600 sin 45° N

600 cos 45° N :I, 02m

AY————71 - X

—2m | Im 2m—~

A, l B,

100 N

SE, =0 O N slaa Ggaai ¢ AAY § gladl
SF, =0

EM(J =

H3F, =0 600 cos 45°N — B, = 0

B, = 424N

SF, =0
poall aladin) Uide M cpdggaa sa g ATY gl Liay ¥
G e S Lale dag Al Aie el aladdu) JuadY)

Jaalaadl

C+3My=0;  100NQm)+ (600 sin45°N)5 m)
= (600 cos 45°NX0.2m) = A,(Tm) = 0
A, = 319N
SF, = 0

319N - 600 sin45°N = 100N - 200N + B, =0
B, = 405N

+13F, = 0;

O F5-1. Determine the horizontal and
vertical components of reaction at the
supports. Neglect the thickness of the

beam ?
500 Ib
473\5 600 Ib - ft
na- E)
| o
TS T Wi il

S Jalat dble g 1 Y 8 gladl)
adle Al &943{):.« + A0 5 ghdll

500 Ib

500*2 Q&L

4
*
500 -

600 Ib - ft

600 Ib-ft

e
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SE. =0 1Y) eV alea gk ¢ ABY) § ghadl)
SF,=0
EM() -_— 0

NF, =0=A, + aﬂm;%]
A, =-3001b

SMa =0= B,(10]— 600 — 5&{:{%]{5;
B, = 260 1b

o4
XF, = 0= 4, + 260 — 500(z)
A, =140 1b

U F5-4. Determine the components of
reaction at the fixed support A Neglect
the thickness of the beam ?

200N 200N 200N

:

200N

200N 200N

/\ ) v 400cos30
//F—lm«L—lm*leJ\ 400N
/ / 100sin 30
60°
\ J
A
@LMAS\ adls Al &yb}.« - Al 5 gladl)
JIigudd)

200N 200N 200N

Ay
Fixed : (s 8,48l 5 gaball g sl ol@ﬁ‘g\@&sﬁ.\*ﬁﬂ
gball g ol \obﬁ?\@&igélﬁh Qs SUA ) gal)
Cula gall g

SF, =0 I a¥alea Gakad ¢ AN 5 gladl)
SF, = 0
My = 0
YFEF,.=0=A4, + 400cos 30
A, =346 N

PF,.=0=4, + 400cos 30

A, =346 N
pokaing S35 6B LgilS g oS ya ) Alilal) ddlacall Jlad

?}J\ Gl

EMy =0 = -400cos 30(3sin 60) - 400sin 30(4.5) - 200(2.5) - 200(3.5) - 200(4.5)
My=3000N m

O F5-3. The truss is supported by a pin at
A and a roller at B. Determine the
support reactions ?

10kN
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Sol :

Nar — dcosdid” =10

Nar =353 kN

0

Ny —95sin 45" - 10+ Ng, =0

S Ma=0
5-44+10- (24 6c0s457) — Ng, (6 + 6cos45%) =0
Np, = 8.05 kN
Niy =548 kN

U Example . Determine the horizontal

and vertical components of reaction
on the member at the pin A, and the
normal reaction at the roller B ?

750 1b

750 1b

| 3ft i

ift i

T‘T
-

|
A
A,

o
we,
b
- '.

\" :9 e

.

.
‘e

il Bl g ol plakiad Ude U ol ggana 23y
Jrlaall e e uSf Laie aa gy ddall Ais ol

(‘i‘SM\ - 0:
[Ny cos 30°)(6 ) — [N sin 30°)2 ) - 750 b3 1) = 0
Ny =536.21b = 5361b

L%F, =0, A, - (53621b)sin30° = 0
A, = 2681b
+13F, = 0; A, +(53621b) cos 30° = 7501b = 0

A, = 2861b
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U Prop5-12 . Determine the horizontal and
vertical components of reaction at the pin A
and the reaction of the rocker B on the beam

4 kN
Y
Ao A\B
Vs 30°
! 6m 2m
4 kA
d X
Ax !i.‘
r om Zm  [3p
Ay Np
j ()
O
EXM,=0 Ng cos 30°(8) - 4(6) = 0
Np = 3464 kN = 346 kN
5 2F. =0 A, = 3464 sin30° =0
A = 1T3kN
+13F, =0 Ay + 3464 cos 3~ 4=

Ay =100kN

U Example5.12 . Determine the support
reactions on the member The collar at A is
fixed to the member and can slide vertically
along the vertical shaft ?

900 N

1.5m 1.5m -‘ 3
A
|o
y 45°

500N :m

Sol :

slaiy) & S a A8, Collar fixed to the member :
slaty) (B Jad 3, dllia GlIM () jgal) B S o A8y g )
A1 Jpeal) S SN Qb ey, Ll e dag 9 )
((gosalall) galall slady) b AS jall AdSay

900 N
1.5m »} I.5m -
A\
—;-P{' t [ n
A yr 4

—XF =0 A, =0
+13F, = 0; Ng — 900N = 0
Ny = 900N
(+EM/1 - ().

M, = 900N(L.Sm) = S00N+m + 900N [3m + (I m)cos 457 = 0

M, = ~1486N*m = 149kN'm) ins

oSe Ad) ad LSt ald sy Y Gl p el dadd
sthaall (a4l

¢l B aad) A adaied | ARl o die o jad) A o idy Y

bAIS (1989 gl 9 S (o 2T Ladla Judady AdSt 3y 5 Al

Jaalaa

CHIMy=0; My +900N[15m + (Im)cosds’] = S00N+m =0
My =-1486N+m = 149kN'm) I
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U Example5.7 . The member shown in is pin
connected at A and rests against a smooth
support at B. Determine the horizontal and
vertical components of reaction at the pin A

SOL:

80 N/m

The resultant of the distributed loading
= 2+ 1.5+ 80 = 60N

Smooth support : gl o s3gale Jad 3y JSy
( Juary) i)

0.75m

Il m

(b)
CH+3IM, =0; ~90N-m - 60N(Im) + Ny(0.75m) =0
Ny =200N
L 3F, = 0; A, = 200sin30°N = 0
A, = 100N
+13F, =0 A, = 200cos 30°N = 60N = 0

A, = 233N

U F5-5. The 25-kg bar has a center of mass at G.
If it is supported by a smooth peg at C, aroller
at A, and cord AB, determine the reactions at
these supports ?

sol :

W=25%9.81

S My=0

0.7 Fe — 0.5 W sin 60 =0
0.7 Fe =05 % 245sm 60=10

Fo=1516N

5= 00 Typeosti- Fosin =0
Tug cos 15— 151.6 sin 30 = 0
Tig=T8H5N
2 S0 Fy-W+Tygsm 1+ Freos =10
Fy-U5+T85m 134 13l feas 0=

Fa=034N
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U F5-6. Determine the reactions at the
smooth contact points A, B, and C on
the bar ?

YF, =0= N sind0 - 250sin 60
No=433N

EMp = 0= Nysin30(0.15) + (250cos 30)(0.6) - 433(0.2)
N =5774N

YF,=0=Ng - 250cos60 — 5774 + 433c0s 30
Np=32TN

U Prop5-14. Determine the reactions at
the supports ?

800*5=4000

Axa Jaladll Jguu (81 Jaad) Jd s
5= V42 + 32

3 o
0= tan‘l(z) = 36.87
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C+3My = 0 T 7
4 ‘&;
800(5)(2.5) — Na(3) = 0 Ax. 2.9
N, = 333333 N = 333 kN E i A
l C7 T 31t
A} 4
LYE =0 801b
Bx- 800*5*sin 36.87 = 0 7
C+SM,=0. TG)+T “_)(10) — 80(13) = 0
Bx=2.40kN Vs
T =745831b = 746 1b
+1 2F, = 0;
3333.33-800*5*cos 36.87 - By=0 . _ ( 1 )
B5IF, =0 A, — 74.583 i) 0
U Prop5-16 . Determine the tension in )
the cable and the horizontal and Ay =3341b
vertical components of reaction of the
pin A. The pulley at D is frictionless +13F,=0; 74583 + 74.583(\}) -80-B,=0
) : )

and the cylinder weighs 80 Ib ?

| 5ft ! 5 ft ! 3ft

SOL : DRAW FBD

A, =6131b

U Prop5-21. The uniform rod AB has a mass of
40 kg. Determine the force in the cable when
the rod is in the position shown. There is a
smooth collar at A ?
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|-5cos60°'m

‘_(_"|0

33in60°m

C+IMy=0:  40(9.81)(1.5 cos 600°) = Tyc(3sin 60°) = ()

Tye = 11328N = 113N
U Prop5-27. Determine the reactions

acting on the smooth uniform bar,
which has a mass of 20 kg ?

\ 30°

sol : draw FBD :

ZFX:u

Nayx — Npgsin60® =0

Nax = Ngsinb0®

S F -0
Nav + Ngcosbl” — W =10
Nay =W — Ng cosb0"®

W2 cos30 = Npsin60® 4 sin30° - N cos60-4- cos30° =0
Fy=081N
Nyy =840
Nyy = 715N

W=20%9.81=196.2

NA,
| | |
| 4cos 30° |

NA,

B

4sin 30°
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+» Two-Force Members : The two forces
acting on the member must have the
same magnitude, act in opposite
directions, and have the same line of
action, directed along the line joining
the two points where these forces act.

(b Cluaslatia | )aal) (i Lagd o ) i o A5 Gl g
. 5981 Jas dlaia) bad (i Lagd (16815, olaY)

Bsd lasay (gl agag (o 4l ¢ UL dauy s

. Jadlaall CiAS5 g Jadd aal g

A

Fy=F

** Three-Force Members : If a member is
subjected to only three forces, it is
called a three-force member. Moment
equilibrium can be satisfied only if the
three forces form a concurrent or
parallel force system.

G OIS @iad S, o N gl sl (IS 1Y)
LR B LS 13S (g g Al 0 6y O

O Example. The lever ABC is pin
supported at A and connected to a
short link BD If the weight of the
members is negligible, determine the
force of the pin on the lever at A ?

-
. 400 N
__>
05m
B SN
. A

sol :

BD : Two force member

0.2
= -1 =4 °
0 = tan (0. > 5

/84F

/4

— L
/

ABC : Three force member

| 0.5m
cB 400 N =
- [y
= 45°\
0.5m
\ 45°
. 45;/
Zm
9
| F N\
A
p— 04m-—-

(c)
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2 _3dnd RTRIPYC)

53F =0, F,cos60.3° — Fcos45° + 400N = 0

+13F, =0;  F,sin60.3° — Fsin45° = 0

0= tanl(g%) = 60.3°

1.07 kKIN
1.32 kIN

Fa
F

Supportin 3d:

single journal bearing sl smoolh o

L
single journal bearing -
with square shaft
single hinge M,

roller

%
n o
M,% P :

@ -
§ single thrust bearing

fixed support

ball and socket
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Agcpe Y alal) AN b ol Y (ahady S
LS LY Ja gyl A5 JaBd (1S Wb | Al Ja g )

EF_l =0 M, =0
EFY = EM;- =0
EF: =0 M, =0

AN Ade J)igaw iy By Llaia g an Algs (A
Agle gAY pSile

+»+ Statical Determinacy :

1- Statically determinate
LSy Al cYaleal) 23e (g glawy Joblaal) a2
PURIRESOW)
2- Statically indeterminate

LiiSay Al cialeal) 38 e uS) Jaalaal) 230

b 08 Aaal iy il )3 4D 8 g ageal il
cYalaal) 232 (e Jiadlaal) aae 7 )k

6unknown, 3 known

6-3 =3 from Statically indeterminate

U Prop5-64. Determine the components
of reaction at the fixed support A. The
400 N, 500 N, and 600 N forces are
parallel to the x, y, and z axes,
respectively ?

600 N

400 N

500 N

dapa b @ils o) o 68l Jalat dlle quag 1 Y B gladl)
Ll a5 ey (Sl Ay Lgtea ) 3080

O dapay agd) ay o) glaall J Aa)) e 358N anaa
OVisaadl B Aardocial aile al) £ o3 48 a3 Al 5 gladl)

Fixed-support : iy g clalaiy) Jals 3 oIS o Ay
Judi 393, Ladl ¢ oSaw UM cilalasy) Jals & o)yl B

A b Loyl aje o aga) G eSam g pglase A B

BYEY)

O cN e gakad 1 ALY 5 ghadl)

g boon

SF,=0. A, —400=0 A, =400N
SF,=0; 500-A,=0 A, =500N
SEE=0; A —-600=0 A, =600N

85 Al A8yl ilh el ol 1) " Az Ja A8 0"
X BT VAP R XEY

400 dadeall jlas)

SM, =0 (M), — 500(1.25) — 600(1) = 0
(My), = 1225N-m = 1.225kN-m
EM__V =0 (M,), — 400(0.75) = 600(0.75) = 0
(M,), = 750 N-m
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1 0 o 0 1 o0 o o 1
X vy z X Y zZ X Yy z
FK FY l:Z FX FY FZ Fx Fv Fz

(Baia) 436 A5 Jglaa

as ¥l 5 581 (AL Ay ;e saally Galdl) o al
JalS g 1388 Jadig o jal) Jaad (AN (s 98l Angale
. Jskadl

A4S o it il Wil (ny (gl glaall 4530 50 (19S5 (5 58
OIS 13) il Layl g dude (bdia 138 g jdua AL g Baa) g
e (i 138 5 dad Al (ud ()9S Jha JgY) ual
aliall 48 ja ) Al ) gaall J 4g ) ga B gl Cils 1)

QIS 4B gall Anayg (g g8l AL 13 9 Jlhal (g glud 139

25500 ad A3 568l g ) jgaall e Glua b
230 saad) 4 6008 gball sl

esnalion A jlaal) aa | Jalh 43 JIaaYL aigi 500 5 5l

4S50 LAY Lgpauns
1 0 0
X vy z)
|
0! 500 o

0 0 -600
23 400 ad A3 (5 68l g gaball jgaall aje Gilua 3
L el J 600y (Al ygaall

o 1 8] o 1 o
X Y z X Y Zz
400 O o ) 0 -600

(123 age) PSH Aads

38 a3l B g S 5 2 rined) sgnall o i 13
33 S saal J A sl Rleadl s o) 8 pkea i
Alcally G puda) 31 A8 sal (B B2 g2 g0 B 9B il 13) 9

auall gaall J Ay ) gal)

4 ja 292 gall B gAY CuilS g 1 gaball gaall J ajad) Ua i 1d)

13 23l saall J 4yl sal) Alsall o puda) B e dions

40 gal) Ablasally o pudal 230 A8 pal) (B 3 g0 g B ) il
el Jgaall J

4S50 292 gall B4l CiilS g 1 3l gaall J adad) Lia i 1)

) sl § 231 gal) ZBl) s ) 8 p0e ddim

Alcally G yuda) dipaad) 48 pal) (B B2 g2 ga B g ilS 13)
gkl gaal) J Ay gal)

U P5-67. The uniform concrete slab has a mass
of 2400 kg. Determine the tension in each of
the three parallel supporting cables when
the slab is held in the horizontal plane ?

Y7 05m
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Y z
0 2354
e —1 0 0 L o 0 } o
X ) Y £ X v z X Yy 2
0 o :\5\000 0 01472 | o o 23544
0 0
X ' z
0 T,

SM, =0 Te(25) - 24000981)(1.25) - 15(10°)(0.3) = 0
T = 14772N = 148kN

My =0, Ty(2) + 147724) - 24000981)(2) - 15(16%)(3) = 0
T, = 16500N = 165KkN

SE, =00 Ty + 16500 + 14772 - 24000081) - 15(10°) = 0
T, = 02N = 727N

U Example5-16. Determine the components of
reaction that the ball-and-socket joint at A,
the smooth journal bearing at B, and the
roller support at C exert on the rod ?

s ]

S=0,  A=0

SM, = 0; ~B(0.8m)=0 B, =0

SE=0, A, +0=0 A, =0

SM, =0 F(0.6 m) — 900 N(0.4 m) = 0
Fe = 600N

SM,=0;  B.08m)+600N(I.2m) - 900N©04m) = 0

B, = —450N

SF,=0; A, + (~450N) + 600N - 900N = 0
A, = 750N
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U F5-11. Determine the force developed
in the short link BD, and the tension in
the cords CE and CF, and the reactions
of the ball-and-socket joint A on the
block ?

3F, =0
A,+0=0 A,=0
SM, =0
Tce*3-9%3 =0 Tce=9
z Tcg
A
Tgp 4 Ter
3m
4m 1.5m
>y
A, F
A >
x A
Y 9 kKN
6 kN

x v

M, = 0

0*4 - 3*Tec- 6*3 =0 Tec=-6
SM, = 0
-Az*4 + 9*%4 - 6*1.5 =0
Az=6.75

SF,. =0
6.75+Fep—9+9 =0
Fep=-6.75

SE, =0 Ax+6-6=0
Ax= 0

U Example5-17. The boom is used to support
the 75-lb flowerpot. Determine the tension
developed in wires AB and AC ?

N

Sol :

dapa B cuils () 5 g8l Judas e Gy 1 AgY) 3 ghadl)
Leldat of (e g ¢3Sl dda @ Lghea ol @ 3

L T {2i - 6j + 3k} ft
Ap = Fap\ ) = Fap \/ ; - ~
AB (2 fty” + (=6 ft)" + (3 ft)
= %Emi - %Ffmj + %E«Bk

() {=2i - 6j + 3k} ft
ac = Fac T Fye = = —
e V(=212 + (=6 £ + (3 fi)?

] . 3
7Fycl + 7Fyck

.’ .
= =7Fcl -

)
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EMO:“, I‘A X (FAB+FAC+W):0

(6 X K%Fwi - $Fui+ %mk) t (-%Em - $Fyi + %F,wk) + (-751()] =

(17_8 Fyp * li_gFA(_‘ - 450)i + (‘qu Fyp + ITEFAC)I‘ =0

M, = 0; ITHEw + I‘TSEMJ‘ =450 =0

M, = 0; _I?_EF;{H + I”I_EFA(’ =0

F"h’ == .F;-i‘(‘ = 87.5 lb

Fy

U Prop5-76. The member is supported
by a pin at A and cable BC. Determine
the components of reaction at these
supports if the cylinder has a mass of
40 kg ?

Icp
Fep = Fg (_> - FCB{

(0=3)i+(-05-T)j+ (1 -0k ]
Icp

V(0 -3 = (05— 1+ (1- 0
6.3 .0
=73 7Fc&I+‘Fc3k

F 1 _
cpl 7
W= [-40(981)k}N = {-3924k] N.

Fy = Aji + Ajj + Ak

M,y = (M4)i + (M) k

2F,=0 %FCB+AZ—392.4=()

.
—% Fep + Ay =0

EMA:O. IACXFCB+IADXW+MA=(]
i i k i j k
3 | 01+13 -1 0 +(MA)Xi+(MA)Zk=[}
6 3 2 0 0 -394
—ﬁFca —tis ?"ﬂcs
) [ 6 9 6
?FCB+392'4+(MA)I 1+ —5Fc|3+1177.2 'H' _7FCB+?FCB+(MA): k=0
2
?FCB + 30924 + (M, ), = 0O
—%‘ Frp + 1177.2 = 0
o _
—§ch -+ (—;FCB +— (M, ). = O

2
= Fcp + 3924 +~ (My), = 0O

=
6 o

—Z Fep + 1177.2 = 0
0 6

—len + %FCB + (M,). — O
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U Prop5-73. The bent rod is supported at A, B,
and C by smooth journal bearings.
Determine the components of reaction at
the bearings if the rod is subjected to the
force F = 800 N. The bearings are in proper
alignment and exert only force reactions on
therod ?

2m

" 30°
60°

F
F, = 800 cos 60° cos 30° = 346.41 N
Fy, = 800 cos 60° sin 307 = 200 N
F, = 800 sin 60° = 692.82 N

SM,=0; —C,2)+ B2) — 692.82(2) = 0

SM,=0; B(l)+ Ci2) =0

SM,=0; —C(1.75) — C(2) — B,(1) — 346.41(2) = 0
SE =0, A +C, + 34641 =0

3F =0 200 + B, + C, =0

SF,=0; A +B, —6928 =0

C,=80N B, =-107.18 N=107N B,=600N

C,= BN = 56N A = 400N A = 80N

U Prop5-68 . The 100-lb door has its center of
gravity at G. Determine the components of
reaction at hinges A and B if hinge B resists
only forces in the x and y directions and A
resists forces in the x, y, z directions ?

<
I,Jﬁ 8 in.
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YF,=0= A, — 100
A, = 100 1b

VM, =0 = —100(18) — B,{48)
B, = —37.51b

g

2
[
[

3
A, = 3T.

5+ A,

b

o=l

Bx=0

6

Structural Analysis 273

Chapter Objectives 273
6.1 Simple Trusses 273
6.2 The Method of Joints 276
6.3 Zero-Force Members 282
6.4 The Method of Sections 291
6.5 Space Trusses 301
6.6 Frames and Machines 305

< A Truss is a structure composed of
slender members joined together at

their end points.

B AT G (155 () a9 (shend
il b Alaia p13aY) (e 48 pana

= A,

< Method of joints : (58!l 48 jaa dlide Cullaly
Uaag dygh a9 15 Jals b

% Method of sections : 5 &) clia callay ¢
48y jhl) aladin CliSay Ua | Basaa £ jal B
o3 addiud UM € 8 g Mgia oS o<1 Y

4Gy k)

B A R

Bridge truss

U Example6.1. Determine the force in each
member of the truss shown in and indicate
whether the members are in tension or
compression ?

e g day you 383 Jigeal) ) SRS 2 A6V B ghadl)
Adais Ll o gillg JladY) a9 ) L Al IS
5ES Jialaa L (g o slaa Lgid
A: Ol sgaa Ll g
B: lasi ¢l i aa) g aglra 22 939 Jdlae 225 ¥
Latic Mall) agdini | Laild Un pdi Gl 138 oS 9 L
C: Jsga Lol 2 g
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O Ve (Gulad AdaBl S e 1 ALY § gladl)
@il 1) (O f) iua o) 2k, 5 98] (ks p gl
BILLAY) CilS 13) 5 grana G Alld A sal) 5 LAY
O Ladla Juadl i 0o g (A L B G Al

L Ladly ol Al ¢ e

B _
>—\F-J'ﬂn N
45° .
Fpa Fic
L3R =0; SO0ON- FB(- sinds* =0 Fye=107IN(C)
HI3F =0,  FpooosdS - Fyy =0 Fy = S0ON(T)

Sﬁ‘ﬁﬁﬂ\\}&ﬁjwheﬂ‘?ﬁ;&a}:&m
G Jadd Aol isld bl =l ols 13) g A
é&é@b\g&a\g&b\g\ﬁ@ Lgailan g 8 L)

JEal

500+Fscsin45 = 0

Fec=-707.1=707.1 (c)

AN Jaiia g8 A Lai) g 0 B g8 Conul B g1l 0 () 1 aeadill)
(¢ )biadad A Lguilay GiiS) g 4 ga dail) J2a)

Q):'JN
e
—-— A

F( A
C,

B3F =0 <Foy + 1071 cosdN=0 Foy = S0N(T)

H3E =0, € -001snd N=0 C, =50N
Fgsa = 500N
1—'-!”—‘%{1{]
K3, =0, SON-4,=0 A, =50N
+13F,=0, S50N-4,=0 A, =500N

bidall g 18l ya pads ruda g
C (di) : Adaiil) olaily agad) () 9%

T (2&) : Al oo Iamy agead) () 98

L T~

1.

e rassi<>rx

=

Compression

—MODN 707.1N

iy

U Example. Determine the force in each
member of the truss Indicate whether
the members are in tension or
compression ?

400 N

D

A

600 N

3m |

| 3m

AL S i Axpan 50 el 1) Y 1 168 8 had
Cal g polaa Lgod Adali JUidSy | (g gl g JladY) g3 ) RIS

A: ki alg Jsgaa il 2 g
B: ¢ Jai clid) Jah aa) g 2 glra 23 919 Jdlaw 22 5 Y
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C: b (pd ggaa Lnal 22 gy
D: g o cl1M Jadh aaf g aglra 22999 Jiblaa 2299 Y

asiiy OINY) C¥Mlaa (gual Aaki JS e 3 AL § gladl)
Ln pal) 3 LAY CilS 1Y) (U R) iz i ad ) o 581 (ks
(A L b U Al 31 LAY S 1] g gaaa sl jilld
a0 UM laad) AUATY (e dades JiS] aUAE 13 pad) 38 La
Jealae AsY) Aaiil) aie a5l 3AU | Y 6l Qi) 4 g9, ¥
oWl Uiled LS i (g gboy (s 581 £ gana (bl a5 (a9

400 N C,
| 3 m |
v Ne o
4 m
A —_—
T | 600N
6 m |
A_\
33F, = 600N - C, =0 C, = 600N
C+IMc=0;  —A,(6m) +400NGm) + 600N@4m) =0
A, = 600N
+13F, =0 600N - 400N - C, = 0 C, = 200N

600 N
+13F, =0,  60N-5Fy=0 Fy=T50N (O
BIF =0, Fp-¥150N)=0 F,=450N (T)

o X

600 N

450N D

Fap : M‘Jﬁ“““u‘b olaza 48 g e B 68 a2 gu g Lgealad

Alay ¥ A g) gabal) jgaall § sl ga saa @ Adiaiia
hib By )Y Ol B Gkl i B Jaan 030 g Apisen 43S e
Rl galaliad (1)) Adile A ggana 5 48

\ s ‘
B3F=0 0N+ 600N=0 Fyy=-250N
HIF =0, -Fe-3-50N=0 Fye=20N ()

lZOON

_ Fa CV_ 600N

TZ(JUN
|

L3F, =0 Fep — 600N =0 Fep = 600N (C)

+13F, = 0; 200N — 200N = 0 (check)

U F6-1. Determine the force in each
member of the truss. State if the
members are in tension or
compression ?

4 ft 4 ft
D

450 1b

o

| D 4501b

S F=0 >_Fy=0
— 450+ C, =0 Ay—Cy =0
A, —225=0
C, = 1501 '
4, =225
S Ma=0

450 -4 — 8C, = 0
LS00 — 8C, = 0
1800
¥ T 78
Cy = 225 Ib
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YA | U F6-6. Determine the force in each
| f}:tﬂ]l_](—) =45 member of the truss. State if the
|
‘ 1 members are in tension or
' AD compression ?
|
/45

______ ATag™ _>x 600 1b

Ay=225 Ib 450 1b YE

ZFJ. =0
AD cosd5” + AB =10
— 318.2cosd5" + AB =0

AB =2251b (T)

BD

L

“AB £ e

|
Z Fr.=10

— AR + BC =10
— 225+ BC =10

| BC = 22516 (T)

Y F,=0

BD =10
N
1
1
1
cD |
455N Cx=4501b _
BC=225 ' C “x
C,=225 Ib

S Fy,=0

Akl JS e g Ay B0 J)gud) A1 3 1 Y0 5 ghadl)
oal polaa Lgud Akl JUidSg | (g gl g JladY) aga) ) SRS
88 Jdlaa Lgd

A: kb Gl ggaa Ll 22

C: ki aalg g Ll 22 g
E: ki (e glaa Lgpal 22 g

g, GLS (e S ol e WY B LN Jdige Jf 138

Juia 5 3 oS Al JS )

A: gball AYg ) jsaall o daly ) o jar Adaia
E: Al & )ades Y1 g2 g o) Jad AN G Aalia
C: ol Jila AT g ) jgaall o salg, i jas Aate
O o 4l

o) ) Aalaa aladiia o 5 a8l ¢pe asis; ALY 5 ghadl)

e A dhle Jall g (S a5 g s A £ sara
B ad AUBT S 1Y) Lald (LB 393

600 Ib
45010 E
D —

By

30°
6ft

Sl gy Al SIS ie 2 ad) 33 Laily
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Fcp
aghig oY) e GGl A JS N 1A § ghadl)
T gall 5 LAY) lS 13) () dmkin gf 3 s gl \
CNys oyt 3 s el ) B e e (* FBC 30 C
(A Ui 8 G Al 31 LAY <ilS 1) g osa (a jille .
i D —
F4g
Cy
VA
F
Ax< ® 5 AB
Ay
ST F.=0
Fap— A, =0
Faip —450=0
F. = 450 Ib (T
AB > > (1) S~ F, — O
ST F,=0
', — Fe-pp sin 30 — O
Ay, — Fag=20
2508 — Fe-pp sin 30 — O
340.2 — f'-.-lh' = {J
o = 519.6 Ib (C).
Fap=34021b (C). Z F, — 0O
F, =0 Ferp cos 30 — Fger = 0O
Z Ms=0 A
150 — A, =0 519.6 cos 30 — 13- — O
6 C, — 6 tan30 (450) = 0
A, = 450 Ib - — P——
. F - = A50 Ib (1.
C, = 2598 Ib. e )
Z 1'-_11 = 0O
c,+ A, — 600 =0 FBD
Fpg
A, = 3402 1b
Fspg 30°\!B Fgc
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S F. =0

Fc — Fap — Fgg cos 30 =0
13() — 15{) -— 1'-(;[._" COSs -3() = ()
Fpr =0.

> Fy=0

Fp + Fgg sin 30 =0

]:BD + 0 Sill 30=0
Fgp = 0.
Fpg
\D Fep =Fpg
o Frnp =510.61h {C]
\cn
600 Ib
450 Ib lE
TZXFDE
F7g
SN F, =0

450 - Fpg sin 60=10

Fpg = 5106 (C).

U F-4. Determine the greatest load P
that can be applied to the truss so that
none of the members are subjected to
a force exceeding either 2 kN in
tension or 1.5 kN in compression ?

y

> F.=0
A, =0
> MA=0
—15P+3B,=0
1.5P
B, = —3
[B, =05P]|

S F,=0
A, +B,— P=0
A, +05P—-P=0
A, —05P=0

A, =05P

iy
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A S )5 c¥ e (gadad ddal S e ;A0 B ghadl)
LA Gal LR g Jablaall

Y F=0
05P + ADsin60° =0

05P ..
BT

Since we got the negative result, this means that the member is in compression

AD =05T1P (C)

Y F.=0
ADcos60° + AB =0
~0.577Pcos60° + AB =0

AB = 0.288P ()

Joint B

Y =0
05P+ BDsin60° = 0
0P

" sinle

=-0.577P

Since we got the negative result, this means that the member is in compression

BD=0571P (C)

ddag gl B JJara a9 bl A Jas 2Bl A 15
Jaal) aai

S Aall) 8 ) Gl 1)

> If only two non-collinear members
form a truss joint and no external load
or support reaction is applied to the
joint, the two members must be zero-
force members.

2 Yy baaly dallic) € o Gabija Ll GlS 1)

Ol s¥sa b ailea § Jad aga ) o) Adla) (¢ 6B Lgnle

. A agle 5 A (oS

» If three members form a truss joint for
which two of the members are
collinear, the third member is a zero-
force member provided no external
force or support reaction has a
component that acts along this
member.

S Gl pgday sl a) ADG Wt aa gy (S 1)
Jany ud G g3l () g€ i Banl g Acalii)
3 o A A 38 adde s Y Ol da iy B g8 ()

alled J Jad
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U Example. Using the method of joints,
determine all the zero-force members
of the Fink roof truss. Assume all
joints are pin connected ?

Gl e S Al g Jall b AR el g6 3a g ol
gl ile b gin LY ALY Ja A L sy Laily i)
Oy Glaal) 4y graa o 3 gt K1 oY) Lgsia g Aal )
Balinal) Lalaly) aa Jalaill o i <

e

Fge = 0
F!J!,‘ —_ (}
Fre- = 0

O P-2. Identify the zero-force members in
each truss ?

800 N
30°
H G F E
(=) (=) (=) (=) T
3m
A o o © i
B ‘% (& D
| 3m ' 3m % 3m
Joint H
y/'\ £ -
1
H
77777 T
AH

Joint D
y/i\ : )
: A Al
! DE
- cD :b 77777 Z
Foe=Fcp=0
Joint E
A
: A A
== E >,
DE=0
CE
|
Fer=Fce0
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Joint C Joint C
Yy
N y
| VON
VE=O :
cF
CF
C —
“TBC " T Cb—o~ —x ce0
2 <  —
. "BC cC | CD o
2Fy — O |
So Fg=0 !
|
U P-2. Identify the zero-force members
i ? _
in each truss ? z F,=0
CF =10
v
T Joint F
F E
F
G 4m
G D
A ) 9) o S
B C D 700 N C
——2m i 2m . 2m—- FD=0
500 N CF=0
Joint B
Y . -
A When we need to find the force in only a
|
| few members of a truss, we can analyze
BG the truss using the method of sections
B plaiia | s13aY) A s 58l ) J s AT ARy ke alaiin oY1
o > -> JalS Gl g 3220 g1 Jal 4B jray Jaali (Al g adall) 48, 5k
AB : BC X . aldaily
|
Y F,=0
BG=0
Joint G
F
G
A C
BG=0
GC=0
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U Example. Determine the force in
members GE, GC, and BC of the truss, :
Indicate whether the members are in ds¥l s

tension or compression ?

G @
g

E
—>»400 N

o 5ol Ui 13 ¢ jlidia gkl ld iy e Wl oY)
38l Gl Jla 8 Lal 4350 48y jhal) aadiadd Basaa ¢ o
A A8y jhally dldad o) 32 Jals B

Gkl sk oo JadY) aga) 205 Of dile ¢ AgY) B ghadl)

OIS YA

— 400 N

7{7
3 m
Sm 4 m —-
N |

2 12{1) N D,
X 3F, =0 400N-4,=0 A, = 400N

(+2MA =(; —1200N@8 m) - 400N(3m) + D(12m) = 0

D_\. = 000N

+TEF\‘ = A, = 1200N + 900N =0 , = 300N

agle aaai g gthall o) JaY) o B ka0 AL 3 ALY 5 ghadl)
o) ol A2 G ST adaly Y o) Japd adal® Jad 35 A% (g
Sl £l JUAS O g O (Al pede JSA) g

Lma 4g)al) A oda g il ytiia JB) 4@ 511

g.i&‘ ﬁj@"" JJY‘ G}QJ'I

B JLEAY) 4 ja Uiy adall) Jad nga g o AN adadial) Jadd)
sl i)

o Aggladia | AN (g gil) dau) (i sgday adall) dic
SaiS Cpiadl Gl Ladie o) cilalady) B GuSlata g laial)
. Jsdd)

I —— f;.."_
s )
3 lm a I,../&F(;c'
-q—A- .,'l—)-\:q- C
400 N Fgc
—4dm ——F—4m
300 N

Ol 98 Al ASY oLl Akl die 2 jal) AU
C+3IM;=10; —300N@m)— 400NG3m) + Fzge(3m) =0
Fze = 800N (T)
C+IMy=0; —-300N@8m)+ Fz;z(3m) =0
Foe = 800N (C)

+13F, =0; 300N - 2Fs =0

Foe = 500N (T)
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U F6-7. Determine the force in members
BC, CF, and FE. State if the members
are in tension or compression ?

I:S F E
[=)] @n ‘

4 ft
T! )B T lc { b
4 ft 4 ft 4 ft
[ * v
600 1b 600 1b \J
800 Ib

Basaa s13al A o sl calh ¢ 13l Y 48y 00 e Jal)
Gadl Bk oo JdY) a0 aad o dde 1 A Y 5 ghadl)

Mo ailed A sa g ¥ £ dalin LS 1Y) | oY) <Y alas
alled 4 ¢ 5a i) Ja 8 Ll Judl) 359, sy ela
) Bghdll B aadlay) e b Y Ligh

5 gl Jlad g ) Sty 6 sl B e

4 o
0= tan‘l(z) =45

600 1b 600 Ib

800 Ib

agale daady Lygthall £13aY) o 55 AL 5 A0 5 ghdl)
g1 ol A (e ST adaty ¥ of dapdy adald Jad J 35 5 (e g
) ¢ Jadl JUAS O aang O (Al pedia JSA) muan g
< e JB1 4d 1)

free-body diagram

4 ft

A

| Fooerf E

‘G AN

‘ S N\,

I /7 N

| 7/

/
| / CF
I e
s/
‘ 7
S
s a
d{\ B BC) . C 15 >x
600 Ib 8001b
4t 48 44

& S )
A
o ; E -
e RN
/ ~
V4 | NN
y |
s |
/ CF
P .
P
/ |
1 7
/ i a
VA B BC) . T
Sl 552 J¥ ¢ 3l eoom
EF [ E
.
CF
o
< 1
BC ) c
v
600 Ib 800 Ib

O 98 A 409 pLEIY) Ak Xie o 5al)

Z Me=0
—AEF +800-4=0
800- 4
1
|1~:F =800 b (T) [

Y F,=0

EF =

16 >,

KEXH

— 600 - 800+ C'F cosd5” =0

600 + 800

cosdhe

CF =

CF =19801b (T)

Y F=0
— BC - EF — CFeosd5° =0
BC = —EF — CF cos45°

BC = -800 - 1980cos 45" = -2200 |b

BC = 22001b (C)

112




§ -y

& P

O F6-11. Determine the force in
members GF, GD, and CD of the truss.
State if the members are in tension or
compression ?

G
1 o H F
2m
|4 /4 \F
B C D
FQm 2m 2m 2m—-‘
mka Y ¢
5kN  1OKN

2 5 LA 5 3 gB1) Jlat <14y 9030 alals B ) 38 La
e ) ghal CIDERY (o) 5

3
—tan~'[ =
il ill (2)

o = 56.31"°

1
R B e
4 =tan (2)
A=2657

Gkl (Baob oo JadY) g5 a3 o e 1 A 6Y) B gl

OI Y a¥alaa

A58, Al e & Y AN gl o de gia Uia adleal)
Jadd)

10-2+25-4+15-6—-8E,=10

210 — 8E, =0
210

Br=

Ey, =26.25kN

LY oAl UAAT a8 LY Jaid 5ag LK)

pge aaaig 4y gthaall o) aY) o 85 AL 1 ALY 3 ghdll

s15a) A0 (e JiS) adaly ¥ O b pdy ol Jad 30 a3 (g

e £ 5ad) JUAS &) o O () pede JSAN) aan g
i e JB) 4 A g

(<]
7T FG
\ F

| DG

56.31°

C CcD ) D

“w
15 kN

Y Mp=0

e

26.25 kKN

~2FGcos26.57 -2-2625=10

2-26.25

20082657

FG = -

FG = 20.35 kN (C)

= -20.35kN

FGsin26.57°+ DGsin56.31° - 15+ 26.25=0
- 20.35sin26.57° + DG sin56.31° - 15+ 26.25=0

DGsin56.31° = 1.88=10
1.88
~ sin56.31°
DG =226kN (T)

I Y F.=0

~CD - DGeosH6.31° = FG cos26.57 =0
CD=-DGcosH6.31° = FG cos26.57°
C'D = -226c0856.31° = (=29.35)c0s26.57°

CD = 25.00kN (T)
; S _
% DS
7o

S =323 5 ki

=

26 2S5 kKN
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(] F6-14. Determine the horizontal and

vertical components of reaction at pin
c?

500 Ib
400 1b

/a: C

31t
e ST Jaalaall dae 40 aad day yw 511, o) J8 La

31t 31t 3 ft—

a

. Jhadl) da) (ol (pa Y SUA EV Al dxs

Jlas o piiand (S Aol B g3l 228 O

tan ! !
r = tan = —
3
n = n3.13"
S Jualli Ladie g Juail) 4ak aaa 1 I Behbddl O
L Wl UG LaS 40301 (g g8l
Jsalaall aad g adall) Adaki wic o 5al) AU 1 AW ekl O
3.00m 3.00m 3.00m 3.00m
400 Ib 500 Ib
B c
= -
/ ¢
: 7
¥ wo
| /§313
A z - =

> Mg=0
1400- 3+ 500-6— 9C, =0
1200 - 9C, =0

4200

Cy 0

', = 466.67 1b

Jualaall aaig | o 35 C¥alaa Gadal 1 A5G § gladl)
FIRTARY

Y F.=0
Rpeosdd ld”—C, =10
', = Rpcoshl.13°
', = 541.66c0853.13°

'y =325.00 1b

Y F,=0
Rpsin53.13° - 400- 500+ C, =0
Rpsin53.137 — 000+ 466.67 = 0
Rpsin53.13° - 43333 =10
133.33
B= m

Rp=541.661b

] F6-21. Determine the components of
reactionat Aand C ?

400 N /m
ﬁ[HJ N " L J v L v W L4 " L J L 4 v L
- (]
B
im
—e /! {
L\ £\
|r 1.5m 1.5 m——m-
1.5 m 1.5m
1200 N
600 N l
£
by
o
A A c Cx
v g g
1 N
3.0m
X
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Y Ma=0
600- 3+ 1200- 1.5 — 3C, =0
600-3 +1200- 1.5

Cy = 3

¢, =1200 N

Y F,=0
Ay +Cy —1200=0
Ay +1200—1200=10

600 — A, —C, =0

= A, =600-C;

600 N

O.75m 075 m

3.0m

C Cx

| C,=1200 N

Y Mg=0
600- 0.75 — 1200- 1.5+ 3C, =0

, —600-0.75+1200- 1.5
= 3

C, =450 N

= G — 7,
e = GO — LS

b

U Prop6-71. Determine the reactions at
the supports A, C, and E of the
compound beam ?

12 kN
JkN/m
y Y
(o A Q -\
A B =_C |D S F
~3m 4m m 6m ! 3m -
free-body diagram
12 kN
o !
Dx E
"4
D
EY
T
6 m 3m
L
x
C+IMp=0;  Ng6) = 12(9) =0 Np=180kN
C+IMp=0; Dy(6) = 12(3) =0 D, = 6.00kN
HK3E=0; D=0
szsokd 3¢) kl p,t-wewlal 12 kal
Ax. E Af} &";O r___ :——__! Dx_""o 4
M <_3’”_J am T 2ml ‘[ &m Zm
@) By M ) Ne
(b) ? <)
BD
C+3Mc=0;  600(2) +3(6)(1) - B(4) =0 B, =T750kN
C+3IMp =0,  Ne(4) +6.00(6) = 3(6)(3) =0 N¢ = 450kN
3F=0; B,=0
AB

S3E=0. A =0

+13F =0 A -7-50=0 A, =750kN

C+3My =0,  My-7503)=0 My;=225kN'm
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U F6-16. Determine the horizontal and
vertical components of reaction at pin
c?

400 N

8()()N-m(’:1m ) o

v = tan™

o= 158,437

0 O

s A | alla) o /

ciliall b gl

plleal) padd Al JudY) 59, a5 Juall) I8 La

Y Me=0
R pcos18.43 + 3R psin 1843 - 800 - 4002 =0
L807R5 - 1600=0
1600

s =507

Rp=84337TN
o8 i Coglhaal) |y g8 JVsed) B Lails gl jhgi Sl
Alags custha sl ¢ jalld Saaae Ak dic

Y F,=0
Rpsin 1843 — 400+ Cy =0
C, = —Rpsin18.43” + 400
Cy = —843.37sin 18.43° + 400

C,=133371b

Y F,=0
~ Rgcosl8A43°+C, =0
('I = Rb‘ cos 18.43°
C, = 843.37cos 1843

C,=800.00N

U F6-24. Determine the components of
reaction at D and the components of
reaction the pin at A exerts on
member BA ?

8 kN /m
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free-body diagram U F-13. Determine the force P needed to
12 kN e At hold the 60-Ib weight in equilibrium?
= [ [ | e
!
ﬂ"| / § u u
. | 4 | N N N &
o \ N 5 A
h i i N N N N
D \ \ \ \
i A+ . + ’ N N N N
A, D, : N N 3
L ) ' |-
3.0m !
h
3
> Ma=0 !
6-2+12.-2-3D,=0 an
6-2+12-2
Dy = ——F——
S F, =0
A, +D,—-12=0
A, +12-12=0
A, =0
C
Jumdl) Adnds ale o el AL
O L Jaaall 9 3 S e oda | Wibas LB ) pudd) 3 B
aggludia A1) 5 g8
D V2
PaP
ZF;-='|] P A
— A, +6-D, =10
A, =6-D,
Ay =610 T/  Tx
A, =6 kN
— — — v
IMC=DX*4=0 DX=0 680 Ib
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U Prop6-61.
required to hold the 100-lb weight in
equilibrium ?

0
3F —Glih=10
10
P=
F =201k

Determine the force P

D

Te=251b
+13F, =0 My-100=0 T,=300b
+13F,=0; My-50=10 Ty=21
+IEFJ,=[}: WP-25=10 P=1251b

U Prop6-64. Determine the force P
required to hold the 150-kg crate in
equilibrium ?
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Ta 4 p
Pf 1 P
. !
A
)I l 600 N
Pulley A
I S50CF-S10 N
+H3F, =0, 3P - 600N =0 P=200N
} TEF}: =) 0, - 100981 =0 T, =T515N TT
! B
!
T Bs75H J *
P P
¢
Pulley B
+T2F_\‘=0; T-2=0 T=400N
o P
R
2F,=0; 73575-2P=0 P =736188N=368N T
. C
U Example6-14. Determine the tension l
in the cables and also the force P ¢ T i
required to support the 600-N force P P
using the frictionless pulley system ?
Pulley C
— +T2F\‘=O; R-2P-T=0 R =2800N
‘ l‘f < '
=y |
> i — =
<
2
¢ 600 ™N
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U Example6-18. The two planks are
connected together by cable BC and a
smooth spacer DE. Determine the
reactions at the smooth supports A and
F, and also find the force developed in
the cable and spacer ?

100 b
22 f2 e NP
AI — —— =)}
777' ??1___ H — IF
— el -
«2fH«2ft,[|—~
100 1b
-
A = pe———] )
2 ft —q 2 ft —-2 ft T
N"T [.‘“(, fl)l:'
Oidadl Ao Uiadad gf Liliad
BC and DE
A Fac lF”’f 200 Ib
Y
CI ‘ I
-2 ft ~‘ 2 ft =21t T
N;
C+IMp=0; Fpe(dft) = Fpe(6ft) + 20016 2ft) = 0

100 1b
A = l — ———=))
N T 2 ft —t-2ft =2 ft T
4 Fye Fpe

+13F, =0, Ny + 1401b - 1601b - 1001b = 0

Ny = 1201b

& P
T Fsc |Fos 200 1b
I
Cm I
2 ft J 2 ft —=-2 ft T
+TEF\, =0, Np+ 16016 = 14016 = 2001b = 0
Np=1801b

U Example6-20.

The smooth disk is

pinned at D and has a weight of 20 |b.
Neglecting the weights of the other
members, determine the horizontal
and vertical components of reaction at

pinsBand D ?

351t
A‘ R . »
20 1b
C,
-€
3.5 ft
A,
—
-
A,
C+3M, =0; =03 +CG5H=0 € =171
L3F =0 A -171b=0 A, =171
A-20b=0 A =200

+13F, = 0;
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= -~ 3 ft -‘ =
€ | -
| 35f
" l" ~A|
D,
20 1b
1[ \ 401b-201b - D,\‘ =0 D_\, =21b
\ 4
17.1 1b B,
- P S
A
20 1b B,

OS5 Jualll) ddati die G (e aalYl g o) Jad ADG L) Ulad
Joads S0 olady) & dusSlaia g lalall b 4 gludia (5 581

Boguall (A i gash 1S Gany
"o,
T No
v
1T 1D B,
20 1b B,

Member AB

53F =, 171b-B,=0 B, =171l

AIMy =0 201 (6ft)+N3f)=0  Npy=401b
+13F, = 0; 20lb-401b+B,=0  B=201Ib
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7

Internal Forces 343

Chapter Objectives 343

7.1 Internal Loadings Developed in Structural
Members 343
7.2 Shear and Moment Equations and

Diagrams 361

7.3 Relations between Distributed Load, Shear,
and Moment 370
7.4 Cables 381

+* To design a structural or mechanical
member it is necessary to know the
loading acting within the member in
order to be sure the material can resist
this loading. Internal loadings can be
determined by using the method of
sections .

Jaaly) 4b e Unle qullay LG paic aaal S
Sl g . Jaadl lagd dlia glia Craai S Anle B il
S Gulaad) LD 3k oo L yra LiSay 130
_ékﬁ‘gﬁgﬂ\wuﬂ\gbﬁlii

g1 ol A 0 o85 | AR (5 g8l sl Gl (g
J\M\u&*&ﬂ\e@\h&é%ﬁ'&j
.oy | gady QUM slaty) 8 cluslatag

P,
P,

a -

A B

]
s ale BRI g ) A a3 D) pnsn
piad) lic) ¢ adall) 3 gualiall La , 4y gllaall 4dadil)
13 G i 0 Glay By pudidy Caad g SLS dalad
$ g

B e | (g ) el g S Lo
Juag Lajl 13 4uddall gl Ade g Jladdy)

LRI g8l Al Gl agudany g il
. e O

|/

= =

Y Ny N

+» The force component Ng that acts
perpendicular to the cross section is
termed the normal force .

+* The normal force is said to be positive
if it creates tension .

+* The force component Vg that is tangent
to the cross section is called the shear
force .

+* Positive shear force will cause the
beam segment on which it acts to
rotate clockwise

N :
—
N
" _
—
' N ‘
Positive normal force
il v j
A%
' ' '
\Y

Positive shear
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+¢* The couple moment Mg is referred to
as the bending moment.

» Positive bending moment will tend to
bend the segment on which it actsin a
concave upward manner.

A
1‘Wu
— B——>
AT YN
My Vi

)
‘N

Positive moment

s

= =

M B
J_T,,,
N
B B

]
V B

.
s

U Prop7-1. Determine the shear force
and momentat D?

500 1b 200 1b 300 Ib
| T

/
=

A ; - 3 E

C ll_\l D
‘ ‘ L
| 6 ft | 4 ft i 4 ft- 6 ft |2ﬂ-

il e ) Bl of e 1 d6Y) 5 il
SladY) 3935 aad K1 JUAT ¢ (o) it g 4 gllaall

500 1b

!

200 1b

aile Al
adail) Jad

300 1b

)

J
/o\

/\[ b d

o m— C

N
P

e
} TN §

-— 4 ft -[- 6 ft

) g A e 3l

E
D

2 ft

Jeils S £ 520

B o) (5 gan puudd (| JaBY) 3505 Al Liad ol - Aiadla
SRS O dlle Udagl g LAY (b Lasta (S I Glatay)
< gl aligd cad (OS] pasa Laads g Jall Jgw 5 5

QIR0 (5 g8 anu yig o sllaall ¢ Sall 33U 1 450N 5 ghal)
L) Ol B (g 4ole A

Mp Vp
Np
]E.Ft i
53F, =0 Np=0
+] EF}. =0;  Vp=30=0 V=301
(,+EM;.} = _Mﬂ - 300 [2} =1 MD = —6001b+ft
Mp Vp
Np
]E.Ft i
O Prop7-2. Determine the internal

normal force and shear force, and the
bending moment in the beam at point
C.

Assume the support at B is a roller. Point
Cis located just to the right of the 8-kip
load ?

8 kip
40 kip-ft
] 4)
A @ _ b4 b !
l 8 ft 8ft —— 8t !
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Al olsa ) S

U Prop7-8. Determine the internal shear force
and moment acting at point C in the beam ?

900 Ib - ft 500 Ib/ft
i) ba

900 Ib - ft
Y YYVYVYY Y YVYVY Y
[ . |
8 Rip

,J_ 40 kip-ft 3f |T| 6 ft , 6 ft FL‘ 3 ft—
A Ve h i ﬁ
AL e—— > —
}%sn - 8 ft | 8 ft J‘ 4 glhaall Adail) \Sa ) AT o ele 1 A6V 3 gladd)
e all § Jlady) 3ga aad LS ¢ ja o) as
el g J W1 £ 3l o) 5 A 5l ?-' dd 540 3 S S gAY

Jed) 399 ) clws

aail) bad
AP

900 1b - ft 500 l”f’ ft 900 b - ft
Y Y \ J y y Y y y y
40 Kip-ft = . '
A, ’

) C Trlf ‘
I% F y 4 \-—3 ft—=f 6 ft i 3

| 6 ft
[ 85t | ‘eft I s s
F’t;( @ F's

J¥ s 5ol MAliu Ua g (o glusall il (38 O AN gi Js¥ 62l

C+3My=0; B, (4)+40-808)=0 B, =100kip -
C+3My=0;  S00(12)(6) + 900 - 900 - A(12) =0 A =30001b
H13F, =0 A, +100-8=0 A, =T700kip ' '
: : ' 13F =0 A=0
LYF, =0 A =0

408040 (g g8 an yi g o glaall o jad) 3AL £ A 5 gladl)
L OV Ol 6B (gadai g Agle ABDIEY
dae Al o2a Lgad ¢ ja UAAT LY Jah 13Sa Jadl) o) Uss

3\,\5&\.\1\ X @.uul\ggjhd\ s ) Al :\,QL:'J\ 3 ghadl)

500(0) Ib
N =
|
1! )_.‘N. 900 Ib-ft | 3¢ | 34 | 3¢ Vc
L r],;, =
o A} e?oaa/b
S

A}-—- Fo0 Lip

AL g g8l Glwa

HI3E =0, 3000 - 5006) - V=0 V=0
tyrp — _

SIR=0 Ne=0 C+3Mo= 0, Mo+ 500(6)(3) + 900 — 3000(6) =
HIF =0, 70-8-Ve=0 Ve=-100kp

M, = 81001b-ft = 8.10kip- ft
(+3Mc=0; Mc-1008)=0  Mc=560kip-f
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U Prop7-7. Determine the internal shear
force and moment acting at point C in
the beam ?

4 kip /it

ol
i - 2’

! 6 ft

4 plhaal) Ahill e ) i o e 1 A 6Y) 3 ghadl)
adleal) 3 JuadN) a8y aad K1 JUAS ¢ Ja ol i

4k /it

AR - 2%

! 6 It 6 It ‘

R Al £ ) Je s I £ 5ad)

JudY) 390y Glua

1
(+3M; =0 B).[IZ) - 5(4)(6)(4) = B_L. = 400 kip
CraSs L g J ¥ ¢ 5ol Aalas 43¥ oy ) 3 Jadl) 3l Vaag
LAY dasay AT Gl ¢ Gl el

R0 (5 g8 paa g cusllnall o Jad) 120 ¢ AU 5 gladl)
L) Ol B (g 4le DAY

M, Ve
g —

oft

71«

H3E=0 Vo +400=0 Vo = -400kip
(43Me =0 40006) - Mc=0  Me = 240kip-f

U Prop7-15. Determine the internal

normal force, shear force, and
moment at point C ?

6 kN/m

‘ 3m T Im |

6 kN/m

!
. . |
call g A £ 5al) Jeels Ja¥) s 50

Y~ 5

1 BT - i
|
|

3m 3m

1
C+3My =0 B(6) - 5O)6)D) =0 B, =600kN
H3F =0 B,=0

Gkl g Anle ADDEY 4laal) o gl a A9 o llaall ¢ 3al) KEUH

LY ol B

NN

)N}

x
3

x=3

(Z)C6) =3knfn F(3)(3) KA
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YINENRV P RPN

£3F =0 Ne=0

l
HIE=0 Vet 6M-7000) =0 Vo= -L50N

1
(HM =0 6006) S O)6)(1) -~ Me=0 Mc=BSKN-m

U Prop7-26. Determine the internal
normal force, shear force, and
bending moment at point C ?

40 kN
8 kN/m
v Jwr
\ i y A\ Y : Yy Y Y .
B
A \(,
3m -~ 3m 3m |‘-—
0.3m

4 pthaal) Aill lSa ) a3 o e 1 A6Y) 3 ghadl)

aleall J JladY) a3, a3 S LA £ Ja o) i adg

40 kN
8 kN/m

JV y y vy v (’({U

B
A \C‘ |
~—— 3m —4— 3m 3m | |—
0.3m
! g ALY g Sl Sgall s J ¥ £ 2l

LA (5 981 a9 i gllaall ¢ Jadl 3AU 1 ALY 3 ghaidl)
C O (ol 8 (Badai g agle ATDAY

802 )524.0 kn T(BN3=i4 Z <~

40V

53F, = 0; ~40cos60° = Ne =0 N = -200kN
+13F =0, Ve — 240 — 120 — 40sin 60° = 0

Ve = T0.6kN
C+3Me=0; —240(15) - 12.0(4) - 40sin 60°(63) — M¢ = 0

M¢ = -302kN+'m

U Prop7-9. Determine the normal force,
shear force, and moment at a section

passing through point C. Take P = 8 kN

?
B
—y
C A
*
075 m—|
B
().l/m T
05m
q A
0.75 m————0.75m l 0.75 m—|
\
P u_m‘i“ggil:d\ s 3adl Sl g J5Y) £ 32l
T
O, bm ‘
J‘_n’.
v T
#
BN J
« N
035m 1.5m
C+IM, =0 ~T(0.6) + 8(2.25) = 0
T = 30kN
SIF, =0 A, = 30kN
+15F, =0 A, = 8kN
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= —8KkN

—M- + 8(0.75) =0
Mc=6KkN-'m

U Prop7-23. Determine the internal

normal force, shear force, and
moment at point C ?

400 N

Afe] . B
C o g
~——1.5m—- ‘
3m |
Jea1 g Js¥1 5l call] g (AU £ 50l
400 N
Afo) )B
~—1.5 m—
[~ 3 Fn .
‘ 400N
Ax. IZm
= 2
3 5m
B

BIF, =0 —A, +400=0
A, = 400N
C+XIMp = 0: Ay (5)—400(1.2) = 0

Ay = 96N

Galai g Agle AN A80aY (o g8 au g o sthaall ¢ 5ad) AU
OIS Ol g8

A"=4-DDIJ

Ay= 76N

Segment AC:
S =F, = 0: Ne — 400 = 0
Ne = 400 N
+1=F, = 0: —96 — Ve =0
Ve = —96N
C+ZI Mo = 0; Ms + 96(1.5) =0

M-~= —144 N -m

¢ Beams are structural members
designed to support loadings applied
perpendicular to their axis.
ol o gagale (S g
+* Simply supported beam is pinned at

one end and roller supported at the
other.

+* Cantilevered beam is fixed at one end
and free at the other.

127




&-‘5"_@,}\&} A P9
shear and moment diagrams
el 5 Jaia JSI
4N oo 6\.\4}3&\ (.\3:\.\»
Slope for Slope for bending W 0 Constant
Load shear force Moment Load
"r" = I I BITsTTLs
i | |

P Constant Linear Constant | Constant  Lineas

v Sheal | o | mommn | .
A A :: A .
Lirear Lirear Parabalic
hAocrment q
) U'.Hfﬂn“ly Linear Parabolic = -

distributed load T 5 ro—— T—
1r;;;;;;; I'\\_\ /—\ Lﬂ-ﬂd . — L
A i ~ gy, | il | el
Constant Linear Parmabolic

Uniformly , . Shear

varying load Parabolic Cubic - H ——

@ Q Linear | Paraboic | Cubic

- Mameant

* . ‘. ‘

Figure-1 Slopes for various types of loads
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U Example. Draw the shear and moment
diagrams for the shaft . The support at
A is a thrust bearing and the support
at Cis a journal bearing ?

5 kN
AI 1=d IC
'5— B —&v
- 2 m - 2m -
5ol | Al Adla o Ui g Jlady) a8 aad 1 J5Y) 5 ghadl)

daey K Je caaill ) s Jasl) 03] Caatiall 3

jAadad dadad 22l g 3y 53 Ak (gl (e anall (e s ALY 3 ghadl)
Gl awnis 1388 g adad Jad MU s | ey ol Jaad) iy Ledic

Aiams  SHN  dam das

A B (| c
L, _é'&_
- 2m - 2m -

O O, Ledlae alas (S0 Lgalad W 8 (uSY) ddlise 1 A oY) dadadl)
058 of Alalall 3 8l Clus 3y 55 Ladic aa¥) 5 35 cpl e s T2
zd,\éc_ksl\ks

Aﬁls‘“

2.5 kN
O=x<2m

V = 25kN
M = 25xkN+'m

+13F, = 0;
C+IM = 0;

Jadadll J Y gem g Ayl (pe fas | 4l Ui g 7 AUl dadadl)
LI 5 ) o 5 adal Jad 331 ¢ 4

5 kN
X—2m
- 2m——f YV
Al -
A B l M
X -
2.5kN
2m<x=<4m
(c)
+13F, = 0; V = 25kN
C+3IM =0 M = 25xkN+'m
) Jaad i gall ddidia
+13F, = (; 25KN - SKN-V =0
V=-25kN
C+IM=0; M+S5KkNx-2m)-25kNx)=0

M = (10 — 2.5x) kN*m

Al - TI C
2.5 kN 2.5 kN
V (kN)
V=25
2 - S
M (kN - m) V=-25
M = 2.5x Mmux =5
(10 — 2.5x)
3 x (m)
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#2° _pdwd A P59
5 kN Slbaa g
l O5Sis ainn Jad Lyl S5 ()5S | 1388 Jaal) JS& ¢l 1)
Al 1 IB 1 C Jile b o el IS
2.5 kN 2.5 kN G ol 5 an ge adll O 685 Ao 9o B8 CulS 1Y)
V (kN) .
b i (hla ells Gy GadIA o ) glliy () caa Cuia gall 5 yadll)
= Zeed) (R A L
2 4
x (m)
U Prop7-56. Draw the shear and
M (kN - m) > Z—— moment diagrams for the beam ?
M = 2_5'\- Mmu.\ = 5
(10 — 2.5x) 1.5kN/m
. vvvvlllvywv
(d)
2m
4m

Shear :

2.5 W 538 d8lue allaid 2.5 548 g, Laild Jlead) (pa fad
D85 (58 a5y Y Y € Nlal aoliene Ty e oS | ailly
o 4 1 2.5 Lina sy 5 Lalaia 80 aas o ) JSal)
SV deaid 5 iy Jandl N 2.5 (e J 3 Al Lgied 5
S5 AAI (o8 g Y Y € 13l dl) ey Al 2.5
2.5 gh i 4 50 2.5 s ylaia 568 ani o ) JSall e

ld A 5 Jis o aag s IS iy hall ) bl

Uad 2
P Constant
Y
J [_
X A |
Jaal) JS& pillia Jad | i) (5 68 JS&
Moment :

S an gl | 13 4S5 Laily Aans ) Jaal g Ladla Jlessl) (pa

Aanty 2327 S il A g9 Loy Acald Chia ga Adalag dalad

o Ailuall 555 seall & LS Lilalae CilS dakad (48 | (Y

Lgilalaa 5 400 daduilly T (W15 5 il el 5 pg ponid 2

Gl 03 e Gl sal) 5% 4 bl (a gai s Ll 0253 5
Uad o g ) GO 3l o cany g, IS

Load Slope for Slope for bending
AR shear force Moment
P Constant Linear
Saall JS& Gall) 58 JSd adall JS

Jedll agayaai s J sghdll O

UXMA=4*xCY—-1.5%x2%x3=0
Cy=2.25

O XFY =AY -1.5%x2+2.25=0
Av=0.75

dadad 23l oy 5 Adais gl (e and) (e o 1 40K Bkl O

138 g adad Jod DAL i | oy o) Jaadl ity Ledic Aaldd

Al dalad
sV dakad i

|

| 2m

="

0,75%&N

, Ledlae ales 815 Lgalas W o8 S dilise 1 A gY) dadall)
858l il 3 i Lavie a5 et cpl Gas Tasi cl (10
2 Js ahaill L )5Sy off dplalal)

Aaladl) alga. Lalall Cula gall g ) Qalea
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+1SF, =0: 075-V =0 (5%
V =0.75 kN C m
T am Im T
"y — 0 _ 5. —
C+EM =0 M—-075x=0 0.F5KN 295 KN
M=075x kN-m '
v({knN)
BRI (5 Al e 5 ol Jad 3T Al .75 m B
(] < r x(m)
Jm (_y
1S kel
Sl s -2.2%
27 j ™
[ : 1| )M m{kN-m)
¢ | |
lo.75hen * Y
(+)
dadadl) 03¢y Aaldl) cuia gall g juddl Ailaa (v A x(m)
2m 25m 4m
2m < x < 4m:
+13F, =0 075-15(x-2) -V =0 D
V=375-15x kN Shear: 0.75 3% 3, Ladla Jlewd) ¢y fad
hady jaud ol | palilly 0,75 W b ddlus pllaid
1.5 X 95 A ALY A3 ¢ 1M ault
C+IM=0;, M+=(x-2-0T5x=0 Ol sl JSl 5 o 8 2y ¥ AT F bl pullicas
2 diad Gilea g Ugd Jalaiia JS4 e Jaa LS

M= -075x*+375x -3 kN'm

Load _Slope_for Slope for bending
shear force Moment
P Constant Linear
Uniformly . ]
Lines Ps lic
distributed load e arabolic
prrtrtesy | [

ba alll JS5 0550, s Jaad) J8d s 1)
il o al) 0S3 S5 e

el S il Sy Gl Jaal) (S 13) o
Laiy SIS ity o all 5 | Jile Jady (il
Tk

- ¥ gay adlice bady J o3l o i ga g LaS
L JSAl gty S Ao J Jaa aad afi (e 2,25
0.75-1.5%*2=-2.25
MQMUQASOE,WMJM\&Ai#
,Lﬁkaliﬁhyﬂémwdﬂ\g

M =075x kN-m
M=1.5 (Part 1)

when x=2

Cilaga bl oaic (196 iy pdd) g3 dand (o5 2x s
Aalal) Akl 353 pm sal) el Alibaa (32 ok ce edad (s3I

V =375 —-15x kN
x=2.5

—075x2+375x -3 kN'm
aal) e & Al i e

M=1.69

M =
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O Example. Draw the shear and |

moment diagrams for the beam ? +13F, = 0; g = ;xz -V=0

= l 6 kN/m V:<9—§>kN
' L 4%

5 ' ‘ l l ‘l ] C+IM =0 M+ ?(%) =0
s, Q) o z

‘ X

- ' : M= <9x & 3) KN*m

Sladlyl agay aad :  JgY 5 ghadll

1 1
ZMB=E*9*6*§*9—AY=O

AY =9

1
ZFy=—E*9*6+9+BY=0

BY =18

o5 E e 05y danll ae Jalas Laxie 3 Aildl) 5 gladl)
ol e ¢ ClEEAY) 5 <yl ians ey | Cilia J<G

gt 5 Lgalas Y Ailose (S35 2 58 (IS0 51 (0 JSEI oL

S|
1N
3 /1'3ka/m
_-=f v
el I |
, 1 M
e
T -“ 3’
O kN
6_w _2Z
9 x =3%x
e 12 1,
= — % k — = —
g " Xr3X =3

LA (5 gl e -AANAY 3 ghadly

épiw\uﬁgdﬁp#&\o}sﬁum,mu
i lile | e 8l 05K e cims STy adad) J dad
Aoluall 985 il A8 pag i) Aslae (A e il dagd

1%

x

520 g X(m)

A Andeall L praia 53
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Shear : & (s 9 W _liie ddlue ) bl (e Wil s

o o () 3385 s Jad) 9% ¥ g Jaud Iy 3

Jaill 35 030 25 ey JaY) (b Ll Uil 15 18- ()
L JSEN ey o3 18 ated (s3I

AY =9 (sl Ay B Ll Liad)
BY =18( Jised) L A analaly Liad)

o3 50 Aad () deai (S i) Aldlae (85,2 (sa 500
18- Y Jead (S 5ol Alslan (89 (asai & (e

Moment : dalxe 3 5,20 dilus (i g5 bl (e s

oW Andi g Al s e el ) Jeai O ) e sall

055 (oS e gall Aldlae 3 9 Adlisa (i sad & (e g il
CdSEl Gl sha ol )

OsSas msd bl pdll JS3 ()5S0, 138 Jaad) JS4 (1S 1)
P SR ) (1

\Y) M

Uniformly
varying load

g —~

Parabolic Cubic

el s Ll sy yskia IS 35 Jeal) 1S 1Y
il oy o8 oy ) S

+ AadAll

R G5S, Ese s (sl dale BB Jaad) IS 1)
i il Bk o Jall g agiiona g Cilh i

Linear

N

P Constant

= |

il 06Ss of Anlde g b g8 Jaad) (S 1Y)
_wﬁki?}i\\gﬁﬁua\g J.\LAL”,ES

Uniformly

distributed load Linear Parabolic
I EEEEEEEE BN I
£ A

bi il 098 ol o miia de jga b g Jaad) (S 1Y)
-wﬁh&?}dbﬁﬁijﬁ

Uniformly

varying load Cubic

N

Parabolic

|‘““-_--—-TI

1T

1

05858 Jas Lple (und ad) (8 ABhaia 325 (IS 1)
BJ}&A\@GAJA}AL‘\SMM\:\MJ

| J

‘ 2 m —5f———
w =— O (b
V slope = O
A N
N

VvV (KN)

—2

71 N

0558 | Jaul Janie g culip £ 5 9a Jeall S 1) o
Jiud) J dadia Jad Jila Jad )

LlllllllT

ﬁ

) w — negative con
V slope — megative <
)
’ 4
%
=N

, da) Jantiey pifag £ g Jaall IS 13)
Jiu¥) J 4ada puugd bad adl) () 5<

linear —

vJ,JV//lll

g =y
\ /
\| /

12 ¥t
A, = 240 1b \v (b)
w — negative incre
V slope =— negative iru
vV (1b) r\
/'/ /' \\\‘ . p"
O AN
XN\ (<)
N\
\\1
\l
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OsS8 bl g el gy allita pdl) oIS 13) O Prop7-55. Draw the shear and moment
i JS 5 alludly 5 (aliie o jad) diagrams for the beam ?
vV (kKN) NN\
YN = 20 kN
e I P | N/ 40 kKN/m
X: \ |
\ '| YYYVYYVY VY YN YV VYN Y
\_.\| (c
V = megative con AL _\d B2 C
M slope — negative .
\ 8m Im 150 kN-m
<N \ V

M (KN-m) : == Jlady) a0 a1 A sghdl O

—— 1 O XMA=-40+8+4+ BY 8 — 20 «
4 11-150=0

U BY =206.25

OsSd bl g it JSy (ablila il IS 1))
ball 55 iate JS 5 lludly 5 [ailiie o jal)
B ISy O XFY =133.75+ AY — 20 — 40 «

/N 8=0

- x
I\%ﬂﬁ 0 AY = 133.75
Aakd 325 3y 53 i (51 (g il (e s 1 AN BgbAY O

(<> ))) b I 35 it o) Jaal iy Lasic dnkdd
i . @b}i_u OV Adalal (g l) iy 138

e constant

V = negative increasing J
slope = negative increasing 20 N

L 40 kN /m L

== X\\ — bbbt bt 131; - )

5 2 o . ‘ 8m L 5., [J50kN'm
0S8 agalhg pie gy ablile Hudll (IS 1)
LAl 5Ss yete JSs consallys alilite p ol |
o g S 0=x<8
= R% $1SF, =0 13375 —40x —V =0
)\

\M V = 13375 — 40x
\ =X

I < \\ = C+IM =0; M +40x %) —13375x =0

M = 133.75x — 20.2

positive decreasing

: — positive decreasing
tant /'/
>mstant /4//

V&
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HOKtm 20kN
¥ v ¥ r , +> 150 kN m
) )
13315&N 20625

le 3k
" 8m T 3m

V(e

1333 2%

=210
s Claua g

ry

Shear : 133.75 ey allais Laily sl (e T
- doai 0 ) e Ty 030 o (ga s il
a5 (e g oY) 8 Lgiam g 8 1l 5 186.25
a5 (e 20 J deay Of Y 206,25 Jlaiag Ao DU
35t Dhall (N Ji o Ga s piinee Jady ey
J8al Gl ol ) Jad

133.75 — 40x
When x=8 V=-186.25

%

Moment : 5 210- ) Jus, Wils bl (e fas
Al e gall Adlae ki a3 (e g JiuY) b Lgtina g
(Cilaga aad (e g 150- @l (5 sSs SU 6 Jall dalal)

JA M) J sam AU
Zero Shear when V =0 And it’s the Max
Moment also .

V = 13375 — 40x M = 133.75x - 20,
When x=3.34 M=223.6
When x=8 M=-210

M = 20x — 370
Whenx=11 M=-150

U Prop7-65. Draw the shear and moment
diagrams for the beam ?

12 kN/m

M Yvy
o

3m

6m

(+3Mp =0 5)+%(12) (B -A6)=0 4 =20k
(M =0 By(o) - %( DE)2) - 123)43) =0 B, =330kN
12kN/m
Efrrﬂ vvlllllvv
A 4 B
C
3m
6fm
0Dk R(3)KN
s T L““’!
i !
ﬁ/ D 2 [ y BJQ_
F 2m | 28&m 1.5m
A &t
Ls i3
£ oox
A.5=Z/.ob\)
43K =0 21.l}—%(4x)(x)—1"=0 V= {210 - 22} kN
(+IMy=0 M+ B(:u)(x]](é) -0 =0
J

M= {21.0}( - %x‘i}kN'm
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Z(6—x)
(/z(e-—x) M(kn.m)
MV 450 45315
==
G—>C
B}=33~-ok»)
0 Mol _A—n Ve H xX(m)
= “1(6-1) = =30 -
+IE!~; G V+3B0-126-x=0 V=1{390-[2kN 0 3} L5v25

(+3Mp =0 30(6-x) - [126- .r)]E{ﬁ - .1']] -M=0
M= {67+ 30 - 18} kN'm

Shear : & (o521 Jhia oS alhi | Lails Lol (g T

3 Al Gy gaty pdl) Aalae Gudal 53k e 3 A JoE

S Al i) Alas 8 6 L gad & ey 5V 6 el
JSEN las S8 8 ani o8 ey lldly 33 ) s

V(kn)
&0 3.00
330

V= {210 - 2*} kN
when x=3 then V=3
V=390 - 12x) kN

when x=6 then V= -33

Zero Shear when V =0 And it’s the Max
Moment also .

V= {21.0 - 2} kN

x=3.25

M= {21.[1_1- - %ﬁ} KN +m

when x=3 then M= 45
when x=3.25 then M= 45.37

M= {6+ 3 - 18} kN'm

when x=3 then M= 3

U Example?7.8. Draw the shear and
moment diagrams for the cantilever
beam ?

Jadll 053y an 1 AgY) 3 ghadl)

3}5&;)3,)@;:3\04;3.3;\ Laila ’J:\ﬂ| (u.u).:@u.“ thﬂ‘
B IS paed ey 2 i J3 03 2 laiars JadU
el J€8 o Jan a3 JSAN i 8 B gl aagn ¥ 40Y
GV A pelad Julaiudll (2 je 0 Ly iy 4508 S (553,
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osiy Jan a2 4 ey | Jhwd Atia Jaadl ()Y 4l J i G g
JSE Bl a3 ey eI Y laadll

V (kN) |
N\ 2 I 4
/i
— ML L
\\‘ \\ | \
\\\\\‘ ’
\ | =M1
iy Jgaadl 1 pusill
Load Slnpe_t’or Slope for bending
shear force Moment
P Constant Linear
f A [ ] EAAN
Uniformly - ' .
distributed load SancaE Parabolic
IAIIEEY | [~ /—\
A A ‘“‘--‘\“J
Uniformly . .
varying load Parabolic Cubic

38 asall JLaialy | dall oy ¢ ASIAY) B gladl)
O 1388 a1 ) s ) oS1 il Gl ) dalia
0S8 abaiaall dalian | (andl pgaiany Jiud |53 oS
oS ra gl g 48y Hhall o3 Jile Jadll () 5S4 5 4- il
0558 Uybitose daluse + Calia Aalise a3 53 23, @l

JSA alad AaA ade 2 g a3 11- U

viy) |\ |

4

/) — x (m)

L /)

5
M (KNm) ' \" )

2\ 4
1]

U Example7.10. The shaft is supported
by a thrust bearing at A and a journal
bearing at B. Draw the shear and
moment diagrams ?

120 b /ft

- 12 ft -

Jadll 250 an: AgY) 3 ghadl)

ull'l%"’“‘

12 ft -

linear—,

VM} 11
T

\\

240 1b \[

Dhiey e J ¢ﬂ=u , el an i r AN 3 gl
, Gl IS5 e Joa aai o3 dadll 5 29251 240
Anie ppdll ot a3 A JauYl J aadie s 2 3 Jas
- G e O S, _pollians B3 98 Mg Y1 J
Ui g s 53 (a5 JSAN (3l J=8 0 ) a5 a5 (e 5 480

L OY) Ania gl oani Casy b gyl

> <

B, = 4801b

V (Ib) AN
/ I\ parabolic
Z ] )
L/ .95 12 _
x v (ft)
N o \M
\]1‘ \,‘\‘ — 480
[1() x]x
SR,
37
10 x
A%
a 1.
T X "
A, =2401b
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120 w
- = Myu=0
12 «x 2 Ma
204+ 8-3-5Y5+45-65=0
$+2M =i 3_3[3.._1 —5Y¥g _= 1]
ey + 5 1(10)(6.93)] 6.93 (5 (6.93)) - 240(6.93) = 0 Yp =673 kN
M = 1109 Ib ft
> _F,=0
Aalise g 40l L) 5 | o all ans i1 &ED 5 glasl) Y48 —dA8+ ¥ =10
s Ol G s O s el ¥y — 14.3 kKN
e‘)‘; GAA&\ ) X c e o .
. iy J=dll 0 S g cnd 14,3 latay J 1 48N 3 ghadl)
¥ib) /} N\ — IS JaSi 5 Jaudl 5 8 o e Jes i () ) sise Jady
240 —I:EK.Z,‘J_\()% > d ki 67.3 o les pleall e J2d 2 2 o) GLA
0 — Zx (ft) e Ji) Janie Jas 22325 (0945 J Vs AV
‘ L LS s IS 305 5 ) Al oy laians S5
— 480 dSEl) Gl of ) b
‘ - SHEAR -FORCE DIAGRAM [kN]
M (Ib-ft) p
A
cubic :
0 — x (ft) :
12 |
Q Prop7-78. Draw the shear and l
_ _ - CLTTTITIEN C o
moment diagrams for the beam ? y 5 ¥
8 kN ‘ ‘
15 kN/m . 1
20 kN'm : 223
\N Y Y Y Y Y ¥ !
7 :
= = y &-B 1
A‘-—Zm “m 2m- 3m | 20m 10m 20m 30m
! 80m
Jadll 53y an 1 AgY) 3 ghadl) '
Y/:\ ﬁe&body diagram
E R=45 kN
8 kN
e > W munannnan: annannnn) SRR }
YA,, 20 kNm IYB
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dalua o Calagal) of Wl L8 ¢ 4EIEY 5 gadl)
_;k;j@hm‘,\uﬂ,ﬂ\

SHEAR -FORCE DIAGRAM [lkMN]

45
[~
™
\\
v
-/:\ M
1
1
1
1
1
:
1
S T r 1 T A T rir AT AT P2 L CT T T T TN - - - - - s
A B *
' 14 3 1 ‘
: 22.3
1
:
: 2.0 m 1.0m 2.0 m 3.0m
: 8.0m
YN
| BENDING-MOMENT DIAGRAM [kNm]
1
I
I
1
1
1
I
:
]
e el e T e el el T e o e e e e s sl T T e >
IA | | B ] o
! )
1
1
I
1
1
1
:
: 1.50 Q.75 1.50 2.25

¥ Jubatisal) dabisa
143 *2=-28.6

Qe pa Al g dan ) o g AN aall 350
8.6- J Y59 20 Llhay AoV J althid 4clud)

-143*1=-143
-8.6-14.3=-22.9
-22.9- (22.3*2) =- 67.5
-67.5-(0.5*45*3)=0
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Centroid 465 di | LR %
Chapter Objectives 465 x
9.1 Center of Gravity, Center of Mass, and the 4
Centroid of a Body 465
9.2 Composite Bodies 488 o
9.3 Theorems of Pappus and Guldinus 502
9.4 Resultant of a General Distributed Jhas ) i
Loading 511 —Z o /| _rossicaay
; r'3 (xy)
9.5 Fluid Pressure 512 |
d‘a. (x,'i) ,?
O Prop9-9. Locate the centroid x~ of the Z
shaded area ? \
“Fm
y \

sl Al (e (B dadad) dag 55 33 1 AGY) 3 gladl)
Al e ostaal) aal (aall Lgiilgs Aabadll () Juady s inidl)
OV eaa i 5 A g

Ao ydl) Cialia il Jlad ) Addil)

M@j@ﬂ‘bhh@@:@m\sw‘

dA = x dy

dy: (Ba¥) Jalsil) agan yaad b Unds

A3y Jadh dadall) Caiial el Alaa) aad 3 A 5 ghdl)

JIsadl (A i gthaal) g2
~ 1
X — — X
2
9 () 989 sthaall Alaay) Jaa) 1 dayl )l 8 ghadl)
OSW £ 5 50
1
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JAuY) (8 393 gall 0 gilal) (Gudai 1 Asaldl) § ghadl)

/}'dfl
A

x = ——f—
/dA
A
7,
g x J
¥ |
g | 2P 7‘;
2
<frn
_ 1
=S dA = x dy
x = 2y!/?

e ) Al ) Jaa¥) Adais (e oa JalSil) 3 gaa
glall dulaay) &

U Prop9-7. Locate the centroid y~ of the
area?
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-
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41n,

81n.

o ((Bina Aakad) dagy i 321 A 6Y) 5 ghadl)
aad Guall Ll Aadadl) o5 Jizady g Ssiall gl das )l
OV eaa g 5 Al sguadl iy (g ) slaall

Jidi ) Al

7} Cmdbad) Cpadian)

(%)
i) i ) Ak K 2X
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dA= x 3 xdx
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Jhsadl 8 gl
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[ran
A
N= 7
f dA
A

2

dA= x3 *xdx

8in - 8iI].
0 J 5 . )
A= | dA= xPdy=|=x" =1921n.
A 0 N 0

b A ) Al ) Jua) Adaki e A JalSl) 3 gaa

(hall ElaaY)
~_1
y = 2)’

8in. 8in.
1 95/ 95 / I 4
dA / —x"(x")dx —x "dx
Ly _ N 2 ( ) 0 2

y= 192 192
f dA
A
8in.
EES
_ — 1.43 1n
19.2

y =

U Prop9-6. Locate the centroid y~ of the
area?

r"'l

b

| —

r"l = 1 -

| m

- 2m

S Al (e (B s Aakad) Aoyl A ; AGY) 3 ghadl)
el anf Guali Lgrilgs dadadl) o) Judady g adal)

ml /
i ) 3
15 Zm
Any i) o3 Aalice 2a 7 A § ghadl)
| )
dA = ydx =1 — —x° |dx
4
L galall Alaa) a3 A5G 3 gladl)
1 1,

4
2

) o 5 s ol a1 el Gl (30
x =20

Y Ua g el g gin g ga coslhaall oY) Jaa) 1 dag 1) 8 ghadl)
O ¢ gm e Juad¥l g 43Y (S B

[5an
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y=—7F
/ dA
A
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o) 038N J Ll sl

U Example. Locate the centroid of the
semi-elliptical area ?

-im )

-Jm

e e (R

Lt

2ft

(3 ((Bwa dnlad ")@ﬁﬁ:&fiﬁg&ﬁ\
aad Cuall Leiiles adadl) o Jicady g Aaiall ol das )l
sl

@ﬂ\a&h@@_@&\’é,&ﬂ\

ad.A

vdx

il g sabiall S sall Alan) ani 3 LAY 3 gladl)

X = X y =y/2.
O & s ga sh Collaall oYl Janl : dagl ) § gl

2

X
l —
4

v fr—
- Y
JEuY) A 3 ga gall 0 o8N (gudai 1 Asaldl) B ghadl)

[5a
— A
.“1 = —7F
f dA
A

=0

Bl sy i (5 sy Siandl) ElaaY

-~

X~
V! 5 dA = ydx
y = y/2.
U i )
y \ | r

% /=) J It :

Ul G el Al Aadi e oo Jalsil) 3 gan
(i) E03aY) J Ll sl
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O F9-3. Determine the centroid y~ of
the shaded area ?
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day pad) oM daluwe a1 45U 3 ghadll O

O dA=2x*dy
@lall S all Alaa) aad ¢ B 3 ehdd) (O
Qy =y
$ alhall Alay) Jaa 1 a1 3ghadll O

¥ gl QA £ gaga sa g (Al £ gua ga
5 ghadl) il dala

JEuY) A 39 gall 0 g3l8N (gudai 1 Ausaldl) B ghadl)

f v dA
— A
L‘r = —F
/ dA
A

x = 0
dA=2x*dy
y =y =2x"
x=ﬁ
2
1
P y(2(Y <))y
- [, ired A 0 : \..-;"{_
[ 4 A . TE
o {i{ﬁJJdU
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o (T
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2 0
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U Prop9-14. Locate the centroid y~of the
area?

4 m

8 m

Oe (B Aadad) dagy 55 33 1 AW 5 ghadl)
aad Geali Leiiles Aadadll o Jiady g Aaiall ol dass )
OV e i s Al sl by ey stadl)

Sm

Aag il o3a Aalise aa 1 ALY 5 gladl)

= (4 — y)dx = (116”‘ )dx

@ball S yall Slas) 2y 45 5 ghadl)
4—y+2y_4+y
2 2 2

~

y

gydsa 9 qiglhaall (JhaaY) Jaaf 1 dayl ) 5 ghdl)
Bghadl) it dala ¥ i 0 5lal) £ gaga 98 9 () $iLA

JEuY) A a9 gall 0 gAY (gudai 1 Ausaldl) B ghadl)

f y dA
A
y =7
/ dA
A

|
dA = (4 — y)dx = (Exz) dx
.4ty
Y =72
1
— a2
y=4-16*
2 2
SRR
/ydA _/ (b 16)(16)dx
—x* | dx
0 16
y=28m

U Prop9-29. Locate the centroid y~ of
the shaded area ?

y

100 mm 1 .

100 mm ——
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dag il o3a Aalice and 1 ALY 3 gladl
x, = 10y!? and x,
dA =

— '}-j.
o = ) dy = (10y"% = y)dy
= x)dy = (10y y)dy
sp Ay Ll galall Alaa) s p 4B 5 ghadl)

Jisadl b o slladll
j:! —_— l}_:ll

-

Eyasa R < sllaall g-i:'\.h‘g\ Jral 1 axg) ) 3 gladl)
£ 550 Sl g2 ASY (gl (gadal Y Ua g ¢y 534N
Ol

Jaul) B 39 gall 0 gilEl (gadad 1 Aald) 3 ghadl)

[5a

A

y = —F—"
/ dA
A

y = (1052 = y)dy

=
s
I
p—
—
e}

o
—_
P

=
—

& P

100 mm
AY 0

100 mm 1N
/ (10}"' - }-’)dy
0

40.0 mm

U Example9-10. Locate the centroid of
the plate area ?

- "‘l

Jalal) i€y JIET ) JSA) a1 J6Y) 5 gladd)

2 ft

x
|

1 ft

3ft

Al Lgaa

Jals as e ails g ( &L.’a\)?..nq.ﬂ Lilas)

©

—
—
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3ai o5 ey JS IS Aaloua 2a 3 AN § ghadl)

Segment A (ft%)
1 53)(3) = 4.5
2 (3)3) =9
3 —(2)(1) = =2
2A =115
oo oo O3S al Flaa) a3 4B B ghadl)
EJUL?J::\_}B:}I\
y
(2]
T 1 LN
l.ijft l:fl
56t |16t ‘
o ~—2.5 ft —
T
2 ft
|
Segment X (ft) ¥y (ft)
1 1 1
2 -15 15
3 -25 2

X~ ol ) Adualtia (e — ¢ a6 5 )
L;.JL.A\

Y~ ossall G Adalia ga — e e g G s

sl

) @ aalall i 7 Azl ) 5 ghadl)

Segment YA (f6) VA (ft)
1 4.5 45
2 ~13.5 13.5
3 5 -4

S¥A=-4 3jA=14

& 1388 Jall Juady g () gilall sadai S L Agilgdl) B ) gacall
S (o5 IS 5SS elind o 5 (laial)

Segment  AG) Y@ VO WE) U
Loim=45 1 1 45 43
Do =9 -5 1y -3 13
boo-0m=-1 s 1§ -4

=115 Sid=-4 YjA=14
o) 8 3 s sall () 5la (gukai 1 Aaldd) § gladl)
_ 3XW . LyW
T w7 3w
%= EE“ZA = 1_145 = —0.348 fi
)= 22}? - 1114.15 =t
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O Prop9-59. Locate the centroid (x~, y7)
of the shaded area ?

Yy
— 6 1n. —
6 1n.
Ik -
6 in.
___L 6 in. .
Jalaill L€y JIET ) JSa) andis 1 J6Y) 3 gladd)

Aol g

@ 2
Liad 53l ¢ yall Linaa g
JsY a8 ) 4 asblaly

S ARl g & 5 A A8 ally JSA)) and i 3 Adiadla
s":\)kl\ dh!wgh‘j@MBA‘JﬂgﬁwaJ@M
sai o (s 08 S Aabine a2 Al 5 gladl
b\.&jdam‘g\}f\;w\ g sana

Segment  A(in.%)
1 12(12)

~

X

y
il ) ) Aduaia (1 — ¢ 3a o a ) A
Al ey JE JS dabusa aa 7 4G 3 ghadl)
5 L) dem‘ﬂ\}hw\ g s

G
&

Segment  A(in.?)

y [
) (6)(6)

@all )l ) ddeaiia e — ¢ 3 e da )l cadi x
d) sl ) Adalia e — 6 3 s 0 ) cadi yT
@ Gl CMA g il G puat o paial) A gl ) oladly L d 1)
w
CA;)AJS d}ﬂ\@'\.\a\m 3\35&\83251\
BJL&‘g\doL}ﬁ‘;(\

Segment ¥ (in.) v(in.)
l 0 0
2 —4 4

‘éﬂ\h‘;{\ @ dabuall G jzai 1 Ayl 1) 5 gladl)

Segment ¥A(in.") vA (in.%)
l 0 0
2 72.0 =720

Jall Juady g ¢ ) Gl Jd e Agilgl) B gucal)
e IS OsS Selinl o g Gladal) 8 13Sa

Cd
¥
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Segment  A(inY)  F(n) jn) FAG) AGn)
L 11 0 0 0 0

-

Lo =4 4 om0 -0
B (6)(6)

) 126 0 =70
Jin) & 3 sall ¢ gl gk 1 Aaldd) B ghadl)

_ YW o 2y
{=—— y=——
W W
S 00
p= 24T i =031,
M 16’
_ A -7200?
== T STl = 0571 in

SA 126in?

of the shaded area ?

y

— 6in. —

6 in.

U Prop9-62. Locate the centroid (x~,y™)

6 1n.

Jalatl) Wiy JISET ) JSAD) anai 1 A oY1 5 gladd)

e (-3,3)

®(3,6]

bl Lgme

£ 3a2a 22 ol (e g IS JS dabua 225 1 At 3 ghadl)
5L J oL g dabucal)

A fin.?
1 36
2 9
3 27
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g e 3n 0SSl ) st AN § gl
'&J\.ﬁ:}_“ J bhﬁJY\

o iual) Ay 9) 311 olatly Liadd 13) - Cliall dualy
Gl G ) DA g il @ el

rfin | y/in
-3 3
-2 T
2 b

Y o aabiuall a1 dagl ) 3 ghadl

7A/in? | gA/in”
108 | 108

-18 6
% 162
-T2 333

Jan) & aga sall 0 gl gk 1 Aaldd) 3 ghadl)

STW
SW

___ IXW _
X = ) =

2w

333in.?
#j_
T2 In.~

= A4.6251n.

U Prop9-64. Locate the centroid (x~, y™)
of the shaded area ?

O apdsidaw) g, Joad) da A 35b3 Af 2y

}_.'

3in.

A v

P 3 m#-—:% in.—

Aalusy Lgre Jabal) LSy JISET ) JSAN andii 1 Y0 5 ghadl)

P 3 in.“l'—3 in.—

2 (e g JSA JS dabia a1 ALY 3 ghadl)

Segment A(in.%)
| (32

4 - )"
2 3(3)

3 Ly

- > (3)(3)

B —Z2(1?)

adday o gl o) Al Ciygad sl i) ¢ 5all
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g e 32 0S U Sl Jin) a1 AUEN 5 gladl
'&J\.ﬁa}!\ J chﬁJY\

X (in.) Vv (in.)
4 4
T rn

—1.5 1.5
—4 1
4

8] Ty

RO @ dabual @i 1 Ayl 1) B gladl)

XA(nS) VA(in.*)
9.00 9.00
—13.50 13.50
—18.00 4.50
0 —0.67

i) & 3 gall ¢ gl gk 3 Aaldd) 3 ghadl)

XA -2250in?
X = =

= = —1.1843 . = -1.18 in.
YA 189978 in.2
_ IyA 26.33 in.} o .
= o= = 138lin = 1.39in
YA 18.0978in.
Ay Ui Lal rudn
3 Y%
ﬁ(&)‘—'/-.ﬁh
N
O\ 43y a4
—‘g-(,—r)—rfm
3 Ca s
-5 . >@
3L(3)=-'{I'n " (e C > L P =
C4
3+5C3>
=44in.
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L F9-8. Locate the centroid y~ of the
beam’s cross-sectional area ?

y
150 mm | 150 mnl'n
SOmm]| /
300 mm

/ |
25 mm \25 mm

Lgme dalaill LSy JIST ) JSAN anidi 1 A %) 5 ghadld)
by

£ sana 325 A (e g JO& JS Aaluua 2 3 Agill) 5 ghadl)
3l da\_.\f\.'\‘g\j Aalidl

1 30050 = 15000
2 300+ 50 = 15000

oY) o 3 S 38 pal) flan) a2 ASAY 5 ghadl
'BJ\.&}[\

1 50
? + 300 = 325

2 300 _
> =

y

il sl ) Abuglia (ha — ¢ Jo e O S s

) @ aalall i 7 Azl ) 5 ghadl)

1 325*15000=4875000

2 150*15000=2250000

Jin) A 39 gall 0 gl (3ukai 1 Aaldd) 3 ghadl)

sw
YT sw
_ Xy"A 4875000+ 2250000
y —_ =

15000 + 15000
y- =237.5

2A

U Prop9-63. Determine the location y~
of the centroid of the beam’s cross-
sectional area. Neglect the size of the
corner welds at A and B for the
calculation ?

lere Jalall LSy JIST ) JS&Y) andis 1 A6Y) 5 ghadd)
adaloay
=
I Iy

35 mm 50mm

QI

-— | —

3ai o5 ey JS IS Aaloua aa 1 AN § gladl)
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T
1 " 352= 961.625
2 110 * 15 = 1650
n
3 — +502= 1962.5
4
o S 38l ) aai 3 AR § gl
5 L3y J oLyl

1 35
—+ 110+ 50 = 177.5

2
2 110
——+ 50 =105
2
3 50_25
==

Y @ aaludl Qo jual 1 dag) )l § ghadld)

1 177.5+961.625=170688.43
2 1650*105=173250
3 1962.5*25=49062.5

i) & 3 gall ¢ gl gk 3 Aaldd) 3 ghadl)

2y~A
~ x4
_170688.43 + 173250 + 49062.5
~ 961.625 + 1650 +1962.5

y- =85.9

y

U Prop9-67. Locate the centroid y~ of
the cross-sectional area of the beam
constructed from a channel and a
plate. Assume all corners are square
and neglect the size of the weld at A ?

350 mm

(o
P 325 mm

325 mm

Jalall i€y JISET ) JSA) a3 J6Y) 5 gladd)
by Lgae

60 mm

! 325 mm \J/ 325 mm\]
2
Y

Al (g g JS& JS Aabusa an 1 4L B ghadl)

1 35020 =7000
2 650 « 10 = 6500
3 60+ 10 = 600
4 60x10 =600
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&M—‘}J&?{ A P9
e e oa JS J S el laa) aa AL § gladl)
5 LaY) J oLyl
1 350 —2
2 175 200 mm
2 5+ 350 =355
3 30+ 10+ 350 =390

4 30+10+ 350 =390
JauY) A oAl o Al S AoV J 2l 34 Lia
RENY @ dabuall @ i 1 Ayl yl) 3 gladl)

7000 =175 = 1225000
6500 = 355 = 2307500
600 = 390 = 234000

600 =390 = 234000

1
2
3
4

Jiu) & g gall 0 gl (ka1 Adaldl) 3 ghadl)

> A

S A

B 4000500 mm*
14700 mm?2

= 272mm
O F9-6. Locate the centroid y~ of the

beam’s cross-sectional area ?

gr:

50 mm

il i€y JISsl ) JSAY acidi 1 A 5Y) 3 gladd)
ol Leaa

50 mm 50 mm

3

>

X

133 2 e, IS8 IS Aalaa 3n3 1 L) 5 gladl)
EJL&jdow}!\jhw\ g saa

1 400 = 50 = 20000
2 200 * 50 = 10000
200 x50 = 10000

go s m S Sl Alaa) ani ; GANAY 5 ghadl
3LEY) J ol

1 50
> + 200 =225
2 200
T =100
3 200
- -1
2 00

Y] G daliall G i 7 Azl Jl) 5 ghadl)

1 4500000
2 10000000
3 10000000

Jant) 8 393 gall oSN (ki 1 Ausaldl) § ghadl)

__2.yA
2450000
~ 40000

=61.25 mm
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O F9-17. Determine the magnitude of -
the hydrostatic force acting per meter
length of the wall. Water has a density
of
_1 Mg
p=175"7
i 6 m

6m

ladie o sladll Adagill ()l 48 yaa oy 551 JgY) 5 ghadl)
o Aslhaall Al e Lghay ol Jla (B9 sl
(4dais Jiul) dais A

6 m

Aaas i

dgglhaall ddadtl) aie Jaziall Cuad 3 ALE 5 gladl)
;w\&mJ!%M\w\meg}j

p — Y< — P83

p =1000%9.81 6 = 58860kPa

Gy ok e Jeal) Bad cuad 1 ALY 5 gladl)
Dl gl e Undaay al Uia 5 43l gl [ia e 0 Jaraall
1 o_yiad UM

w = 58860 * 1 = 58860 kN/m
Lol e AUl 3 gl Cand 2 dagl 1) 5 ghadl

58860 kN /m

Cutial) dalosa
1
FR = 2" 58860« 6 = 176580 kN

U F9-20. Determine the magnitude of
the hydrostatic force acting on gate
AB, which has a width of 2 m. Water

. Mg
has adensityof p=1 - ?

3m

- © /\
2m

B

| & |

3m

A

B
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Claall laaie o gllaall ALasil) oyl 38 e 2y 53 1 AgY) 5 ghadl)

4 slhaal) Jalail)

Calidy eall oY Calitg Laadic Jariall
dg gllaall ddadill nic Jazall Cowad 1 AU 5 gladl)

plLall p L ) 3 sllaall Al vie (ge (5 s

P = Yl = pP&<

pA =1000%9.81 * 3 = 29.430kPa
pB =1000%9.81 %5 =49.050kPa

G pia b oo Jaall sk Cawad 1 AGIEY 5 gladl)
sl (e o ekl

WA = 29430« 2 = 58.860 kN/m
wB = 49050 2 =98.100 kN/m

Ll e dailil) 3 gall Coa = dagl 1) B ghadl)

25U Sl dalus
1
FR = -+ (58.860 + 98.100) x 2 = 175 kN

U F9-18. Determine the magnitude of
the hydrostatic force acting on gate
AB, which has a width of 4 ft. The

specific weight of water is y = 62.4 5

fe3 -

3

Claall ladie o glaall Adagil) oyl 48 yra 2 53 1 A gY) 3 ghadl)

36t —/
\/

(gard) (il o A g 4 slhaal) Laladl)
ag gllaal) A8 nic Jarall Caca 1 AN 5 gladl)
QLA.“&WJ!:Q)M\M\J&:QA@J}J
G pia G h oo Jeall 30l aa ¢ A § gladl)
sl Gae o bl

P Y< — P8<
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Ib
WA=wB=62.4*4-*4=998.4-ﬁ

g Al pae

Laall e dailill 3 gall Caen 1 dagl 1) 3 ghadl)

! 3 ft |
FR =998.4 x3 = 2995.2 Ib
U Example2.15 . Determine the
magnitude of the hydrostatic force

acting on the surface of a seawall
shaped in the form of a parabola ?

O The wallis5mlong p=1020 %.

Adail) e Lgdany Al Ja g luall ladie
(At Jawl) ddads Hal o 4 slhaal)

dg gllaal) A8l nic Jariall Cacad 1 AN 5 ghadl)
;LAJ\&GEJ!%}SM\M\&QAL;)}}

P =Yz = pgz

(1020 kg /m*)(9.81 m/s*)(3 m) = 30.02 kPa

uﬁ&ﬁww\ﬁwwz\.ﬁmﬁsw\
Al Gl e o haall

5 m(30.02 kPa) = 150.1 kN/m

Ll e dailill 3 g8l Cuasd 1 daal ) 3 ghadd)

F, = 53 m)(150.1 kN/m) = 225.1 kN

wp = 150.1 kKN /m
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U F9-21. Determine the magnitude of
the hydrostatic force acting on gate
AB, which has a width of 2 ft. The

specific weight of water is y = 62.4

Ib
ft3

Claall Liie (o gllaal) Ahadill ol 48 yea 2 53 1 A Y 5 ghadl)

Ol s o Uale g 4y gllaal) Jalasl)
alsa 2 “C}‘Y .!...'x~.“

dg gllaal) A8l nic Jasall Coicad 1 AN 5 ghadl)
slall g8 ) 4, sllaal) dhadil] die (e (5 55
uﬁ&ﬁww\ﬁﬁm&'mm\sw‘
L gl e o il

Wwa = Yo - b-h
= 62.41b/ft> - 2ft - 6 ft
= T48.81b/ft

we = Yw - b-h
= 62.41b/ft? - 21t - 101t
= 12481b/ft

Ll e dailil) 3 gall Coa = dagl 1) B ghadl)

S5 1(TAS8Ib/ft + 12481b/1t)

= 49921b

O F9-19. Determine the magnitude of the
hydrostatic force acting on gate AB,
which has a width of 1.5 m. Water has a

. Mg
densityof p=1 —

A

—1.5m—
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A P9

o glaall Al ol 48 jme 3 5t JgY) B ghadld)
Clall ladie

A

Ll g &y gllasl) Liasl)
S g s bl 3

s

Ll.Sm——

dg gllaal) Ada8il) nic Jarall Cacad 1 AN 5 ghadl)
pLall gL ) A slladl) Al ie (ya (5 g

G pia Gah oo Jaall sk Cawa 1 AGIEY 5 gladl)
1 sl e o baiall

w, = p,ghgb = 1000(9.81)(2)(1.5)

= 2943 kN/m
Laaall e dailil) 3 g8l Cova 1 dagl Y B ghadll

P

1(29.43)( V(157 + (2)%)
36.8 kN

Fr

L—I.S m-——

U Prop. 9-120. Determine the horizontal
reactions developed at the hinge C and
stop block D. The length of the gate is

. . . Mg
6 m and its heightis4dm.p=1 —

cf—

sl ny (gl Oien e olall 25a5 1 Jipual) B 58
C Oien (e sl jaas
o llaal) ALl ol 48 ra 3y 5 1 SN 3 gkl
lall ladie

Ayl Yol Ude G o1 JladY) 3505 ala) e 0 Y
o Yl Llail 8 sani g olaall Jazia

ag gllaal) A8l nic Jarall Cca 1 AN 5 gladl)

slall gLﬁJ\LjM\Z\.L.sJ\m B YT BY)
pp = 1.0(10%)(9.81)(2) = 19620 N/m? = 19.62 kN/m’
pe = 10(10%)(9.81)(3) = 29430 N/m? = 29.43 kN/m?

slal) 352 9 Cual el

Gy (b e Jeall Bad cuwad 1 AAIAY 5 gladl)
L sdl e o il
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(,+EMC = 0:

wp = 19.62(6) = 117.72 kN/m

wg = 29.43(6) = 176.58 kN/m

Laall e dailill 3 gall Cuuad 1 dag) ) 3 ghadl

1
Fg, = 5(176.58)(3) = 264.87 kN

1
Fgr, = 5 (117.72)(2) = 117.72 kN

E
%
S

3m /]
’/ 333>m
II \
'I \‘
f, 24 8744, — \ | R=11]72 k0
' 9
/ \ ot m

Pk
Y Dx.

’ E D
Pe=176:56 K 3,-//7.72, Kelf
Jad) 2505 slagl )l g

26487(3) — 117.72(3.333) - D, (4) = 0
D, = 10035 kN = 101 kN
SF, =0 26487 — 11772~ 10055 - C, = 0

X

C, = 466KkN

O Prop9-127. The 2-m-wide rectangular
gate is pinned at its center A and is
prevented from rotating by the block at
B. Determine the reactions at these
supports due to hydrostatic pressure ?

Mg
p=1 ﬁ

ala slad] GOR) Came Jeall JSG Cadlia) 1 Ua §_Sdl)
slsall

Claall ladie o glaall Adagil) oyl 48 yra 2 53 1 AgY) 3 ghadl)

Ay glhaal) AdaBH) nie Jariall Coaad 1 AU 5 gladl)

plall B ) 3 sllaal) Al ie (ge (5 3

Gy (b e Jeall Bad cuas 1 AANAY 5 gladl)
L sl G e o bl
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wh
Fa =
7 —
F
w"LJ K

wy = 1000(9.81)(3)(2) = 58 860 N/m

wy = 1000(9.81)(3)(2) = 58 860 N/m
Ll e dailill 3 gall Cuna 1 dag) ) 3 ghadl)

]
Fi = (3)(58 860) = 88290

F = (58 860)(3) = 176 580

Juadl) 393, ala)
wi

e

O e B

w"z_J Fg

C+IM =00 $82%0(05) - Fy(15) =0

Fy = 9430N = 204 kN

BIF =0 88200+ 176580 - 9430 - F, = 0

Fy =235 440N = 235kN

A F
e A
/ ;o.sm
)
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10

Moments of Inertia 529

Chapter Objectives 529

10.1 Definition of Moments of Inertia for
Areas 529

10.2 Parallel-Axis Theorem for an Area 530
10.3 Radius of Gyration of an Area 531

10.4 Moments of Inertia for Composite
Areas 540

10.5 Product of Inertia for an Area 548

10.6 Moments of Inertia for an Area about
Inclined Axes 552

10.7 Mohr’s Circle for Moments of Inertia 555
10.8 Mass Moment of Inertia 563

L saling Cogu Al ) ga¥) ansl sy Az ya

rectangle

71

r Area of circle

——
A=mr

U Moment of Inertia : The moment of
inertia is a geometric property of an
area that is used to determine the
strength of a structural member .

PREGE R ELTS @m&@@'\m)yﬁ\ axx U
L (Sl pals B g8 st

I, = /xsz
‘ A

162




§ -y

& P

] F10-3. Determine the moment of
inertia of the shaded area about the y
axis ?

1 m

o9l J 455 e Ay 32l 1 AW 5 gladl)
Lgialese 2a 5 o gllaall

1 dx
1

m

2

1A=yl = 1S

o st e ) gaball patell s Wle iy
il Aalee DA

Daall (aldd) o) Gl gudat ¢ ALY 5 gladl)

1, = /xsz
’ A

J S0 a5 ¥ g Lalad) ALj Daad 5y Ui Jalsil
Loy Alea

fo @ (x¥)de = [y (x¥)da

1
s 3

11 ; 11
0.273m*

U F10-1. Determine the moment of
inertia of the shaded area about the x
axis ?

I m

saall 3 A ige dag pd Al J60) 5 ghadl)

Lgfiabuie 223 9 G slhaall
v
y? = x?
1-x
I m / dy
FERERAI X
1 m

dAd=dAd =(1—-x)dy=1{1- .u}]rf.i;.'
Dsaally palall (o il ket 3 AU § ghadl)

yz dA
A
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3
2

Jo w211 — y?)dy] = [y [(y? — y?)dy]

. gy 1
(v 12
03 Elﬂ_EEl

=0.111m*

U F10-4. Determine the moment of
inertia of the shaded area about the y
axis ?

I m

o9aall J 45 e Aoy pd 320 1 A oY) 8 gladl)
Lgialus 2ai 5 o llaall

dx

Il m

dA=dA=(1-y)dr=(1-z7)ds

= 0.061m*

U F10-2. Determine the moment of
inertia of the shaded area about the x
axis ?

I m

29aal) J 435 ga A i 22l 1 AV B ghadl)

Lgfiakua 22 5 o gllaall
y
X

dy

I m >
= x°

1 m
A = xody = wy %’dy
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o= /ysz
A

Ty (yTdy = [ (yE)dy

3y 1
2yz

0
i

= (.22

i

i Y e

Lgale adina Jal) oY Jaaldil] 0dgd oL 1aa aga
Al dahaial) o 5,80 BaaY g Ua 4

Il m

U Prop10-3. Determine the moment of

inertia for the shaded area about the x
axis ? Jilail 5 sb

y

~—— 100 mm ‘—‘

200 mm

Ul A ) ge dag pi AL 36N 5 ghadl)

Liabun dad g @ gllaal)
y
<~—— 100 mm —-‘
X X
d‘y\l J/
200 mm S :_51( 2
Y =35g°
dA =2x +xdy
Y =50
x =,/50y

dA =2,/50y +dy
ally Qe ¢y g1 (ks : &l § gl

I, = / v dA
A

200
Ix=f 2 xV50 * [y« y? «dy
0
= 457.14 = 10°
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O Prop10-20. Determine the moment of 7 — /xz JA
inertia for the shaded area about the y A

axis ? Jilail) 5 j<é 1
T Iy=f2*\/1—x*dx*x2=0.304
0

‘,7

] Polar moment of inertia

1

o

-—7 i —
2 — 2 + 2
ol Jhisadauaiali; Adseay | 1 T A T
Lgialus 2 g @ gllaall
J() = /1’2 dA = 1,1' + 1\,
¥y A '
dx O Radius of gyration
1l m k. — 1
l A
T X B Z,
y y = Y
l m A
J
. co =%
~—]1m—

U Parallel-Axis Theorem : Find the
moment of inertia of an area about
dA =2y *dx any axis that is parallel to an axis
passing through the centroid and
about which the moment of inertia is

y=Vv1l—x known .

y:=1-x

) JRall S @ s ¥ oJsaa J oadad Glaa
25l aldl) ¢ Al Gkt ¢ AUY B gladl) sy el i gicu g
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v 1 25 mm
L cllaadl (ye Leddas 38
8 9> g
d.r x’
) A = bh
) .
‘ T 7 1= bk’
1 X &
x A ¢ B | 3
o ! b | I,= l_’hh

I, = Iy + Ad; I, =1, + Ad’

U Examplel10.4. Determine the moment
of inertia of the area shown in about
the x axis ?

~— 100 mm —

O 385 25 mm 75 mm
\%
g pun
75 mm

L

G Y adl jgaall G Badt ) sad) Jé L
ogaall 4 a0 andiiad UM ABEY sl S 3
) Joaal) J o)) gl

Jalail) Yo SIS ) JSEN a1 A gY) 5 ghadl)
(WL

Gilia g Jalaiena g g 0 Jia Lgaa Jaladll g JISE
O diSay o) s ba) gl Jadl 1 ) S5 Jsiig,
el 098 O oA agall | anudill 1A S andd]
Ay

% 100 mm H

~]
9]
|

N
)]
:

[}

Rectangular area

.‘ i

A= mr
|
K\\ I.=-nr
X 4
c !
I,=—nr
4

Circular area

M&LMM:@&\SM\

25 mm

®

i- 100 mm —+

Circle m(25)?

75 mm

IS IS 1A ) gaail) p 3o aand z ALY § ghadl)

+Ad_§ /

1 N
Zw(zsﬁ + m(25)%(75)°

11.4(10% mm?

Rectangle
[ =1t Ad;

| ,
- 1—7(]()())(I5())3 + (100)(150)(75)" = 112.5(1()(’) mm’
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§ ¢ /\:Abh
I, = >-11.4(10° + 112.5(10%) || 5 /< : e
==k
h C t (
A()l(l()(’) mm* | = : \i\'\.l )
Cosne 4 b g 95 5l o palall 8 | b |1 5h
Telas e Triangular area

U Prop10-25. Determine the moment of
inertia of the composite area about
the x axis ?

6 1n.

. 3in. 4‘

!

3in.

l
-

3in.

J

G Y aadl jgaall of Badt ) sad) Jé L
ogaal) 4080 andiied UM ABMAY sl S 5
) Joaall J o)) gl

) gy JSET ) JSEN andhi ;A Y1 5 ghadl)
(WP

Gilia g Jalaiena g 2o 0 Jia Lgaa Jalaill g JIS
O liSas o) g k) Gl Jadl 1 ) Sy J sy,
Mgﬁg\y@\,wi\aﬁwﬁ

Ay
Y
3in. Bin.

= 1
.(v_') -—

3 -
= 3
o . b2

Tr_ﬁ ‘—‘73 2
X

JSG& IS dale caund 1 43N 5 ghadl)

.*‘-11 _— %’I(}
1. .
= 5.3 1T -3 111,
— 4.5 in.—
h.;‘l-_:b e %,}()
— %() 112.6G 11
— 1 =11~
A Fr b

=3 1xax.3 1na.

O inn. =
dﬁdﬂ@\ﬂ\)ﬂ\ejﬁ&:m&\sw\
dy: ) Jgaall Jual G (M) aned IS 38 e O La Adlaal)

_ 5. - bR?
= "(I+Ad) TI=%c
9 03

};{i 45. 1'.3: —_— ¥ e
o 1
8- 6 1892 — A 5 5l
36 « 1
—x6=2
3.3 ~ 3
5 +0.1.57 fin,!]  —— AL £ Jad
\. 3 e
=1
f:DI_JrArfiJ
38 06, A
HEH —+ 182+ STl 15
R 36 12
=200 25in.*
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O Prop10-47. Determine the moment of g sy galall jeaall g Badl, sl Jb L
inertia for the shaded area about the y J g3l pgaall 4y lai aadie GAIA ABAY aluaay)
w‘) Lﬁdhﬁl\ JJAAS\

) Lga Jalail Jgony ST 1) JSAN ik 1 1) 35131
) y - |
~—— 6 in.— 1
t = 27
3 ilrn. e : @
i ;
3in. 2
inr 5
} I -
|-* 3in. *’*3 in.~ 3in 2, X

JalS apal) o) uiad ) ) Waa gl B Al Guwad

m‘ “‘m‘ ‘-\L\ ¥ * . & - . -~
ol sl g HSE 2y e o L b a g8 Al (e g Lgdlad B ilal) by a gl g
: lual) B JAx Y ol 48 g LY (AL Gilual)
43 L ddx: Josi O 51) s> S 3800 02 La Bl
i 8 sball ) saall
I
X by=gr IS U8 Aablea quuad 1 ALY 5 ghadl)
Semicircular area . i, . C meme e
\' JSd J<b I gl o je aad ; AGIAL B gladl)
A=nr )
] I, = (I+ Ad?)
I Il:iﬂr‘ 9in. - 6%in.?  9in. -6in. 9 12
p - 36 + 5 (21n.)
G | -
I\ :"/Tr‘
4 ; 1
JoY) cutialy 3* 6 =2
Circular area
Sl
y A = bh _— - ~
3 / L=—cbi? o o T I 3 /
h | 2 3in.-6"in" Jin.-bm. . 5 q
L ! - + -
| p— L :Eh/)" 36 ‘ 0 ( <1 Hg ] 6 = 2

Rectangular area B

6in. - 63 . .3 . .
A - +6im. -6im.(3
6

A= %I)h 1 2

? L
h /& | =30 l
4 X

Sk,
—— o

Triangular area

l

in, )2
=3

N |
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1+2

— +22in.27(3in.)2) —> s i

U Example. Determine the moments of
inertia for the cross-sectional area of
the member about the xand y
centroid axis ?

—] 100 mm
600 mm ——+

Lere dalall Jguy JWSET I IS0 anii 0 Y1553l O

e g Jolaiena 9 g e Jia Lgaa Jaladl Jeuws JET O
audl ) liSay ol g olaa) ud Jad) N ST g i,
ALY (el 058y O 9h agal) | el N3a S

y
100 mm | |
200 mm
P la
300 mm| e 250 mm
B %
250 mm e [ 300 mm

200 mm | D |

-—100 mm

J8 U8 dalua caa 7 A0 5 ghadl)

Rectang’es AandD  (100)(300)

Rectangle B (600)(100)

JS JS) I guail) 3o and 3 AENAD 3 ghadl)
Rectang]es Aand D

o] :
L=l +Ad= 5(100)600)3 + (100)(300)(200)

= 1.425(10°) mm’
Al I A g aal g Julaiesa J LA bl
2 @ Qpaiu

Rectangle B
1
I. = —(600)(100)* = 0.05(10”) mm*

12 l
dy=0
IS JS8 SN puall) 2 e aad 7 4RI § gladl)
Rectang?es Aand D
L}
12
= 1.90(10") mm*

Rectangle B

I, = L(1()())(60())~" = 1.80(10°) mm*

12 1
Qmeﬁycfml aall @iy _}S_)Al\‘;ﬂédbaﬂ gaall
dx =10

I, = I, + Ad} = —(300)(100)° + (100)(300)(250)*

==

e Ly 2 g J L
Pl 23 g3 0¥

I = 2[1425(10°)] + 0.05(10°)
= 2.90(10") mm"*

g 2 PRENPRUJINEN
LS 2 g 0¥ ()

B

I, = 2[1.90(10”)] + 1.80(10°)
= 5.60(109) mm*
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(] F10-5. Determine the moment of
inertia of the beam’s cross-sectional
area about the centroid x?

.1;1

//
2()(} mm /
50 mm# ’/ i // X
200 mm
! -
150 mm 150 mm
-50 mm

Lgra Jalail) gy JSET ) JSE acili ;3531 3 gladl)

A

—T_ (1)

200mm

1

@,
|

75mm

- EEN
—]

7Smm

SOmm

200 mm

.

SOmm

JS.&JSKAMM:@&\SM\

Segment ‘:‘:_nm: ]

1 S0>x 450 = 22500

=2 S0= 150 = 7500

3 S0 =150 = 7S00
> A = 37500

IS IS AIA ) guail) p 5o aand ¢ ALY 3 ghadl)

30 mm —/ / T\

T. d, Ad!
(mm*) (mm) | (mm*)
[ﬂ):m.ax?sxm“ 0 0
[ISOX_SO‘]:I.S()ZSXIO" 0 0
['50"_50‘]=1.5625xm“ 0 0

U F10-8. Determine the moment of

inertia of the cross sectional area of
the T-beam with respect to the x axis
passing through the centroid of the
cross section ?

30 mm
|/

L

150 mm

|

]Gy Vel ke
e lac Y
aalod) Al e

150 mm

Lo Jalail) (g JSET ) JSAN anidii ;190 5 gladl
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30mm 3
150 * 30
I I = ———+ 4500 » 45
2) |
150mm 60 - 15
. ‘ 30 1503 )
T, X —axis 12
75 mm ‘
v 75 — 30

75mm 75mm

J8G& S dalue caad 1 AN 5 ghadl)

) 4 y Ay
Section (mmw) [mm) (mml)
1 30x150=4500 %x30:15 67500
2 150%30=4500 30+%x1502105 472500
T Ay + A,
' A+ A,
~ 4500x15+4500x105
4500+ 4500
=60 mm
30 mm
|
(2)
150mm
.
> X —axis
30 75 mu _
.“

30mm

75mm 75mm

O (S AN gall) pje and 3 AN 5 ghadl

I,+1,=27+10°

U Prop10-28. Calculate the moment of
inertia of the area about this axis ?

50 mm

h

250 mm
| y
_
50 mm
350 mm
T o 50 mm ® 250 mm
l 25 mm
125 mm i l
o
<— 250 mm —> <—50 mm

®

33.33mm¢

91.67mm [~ ;66'67"‘“ 125 mm
= @f |y
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Segment | Area ['A m’) | Centroid (T mm) [;A)mm‘

2x(250%350 250
12Nos)| 21250x30) {—]=125 3.125%10°
=25000 2

R )
, (250%50) [3_0}25
=12500

0.3125x10°

2 37500 3.4375x10°

Z\A
> A

—~ 3.4375x10° mm’

y -
37500 mm~
=91.67 mm
5025 ,
{ 0x250° 25000x33.33’]
=157.99x10° mm* \
@ 91.67
2 - .
a) 3
(1.) =K"SO>;SO j+|7500x6667 }
= 58.16x10° mm* l
91.67 — 25

l.= 157.99%x10° +58.16x10°
=216.15x10° mm"*

O Product Of Inertia is required in order
to determine the maximum and
minimum moments of inertia for the
area.

U These maximum and minimum values
are important properties needed for
designing structural and mechanical
members such as beams, columns,
and shafts.

dA

dof

LIS e 058 0y sl el Al
Jilail) 5 el JCA S 5o

Viause A slaall o2a Liidls




;‘"-éﬁd A P59

il ) S Gua o LEY) CALIAT 88 Sl oy i x‘_x
4 al . y
y Y =3
Iy, = —fxy dA|_ —y x| I, :fxy dA dA — y * dx
; v I = f xydA
X
- 4 I= j xy * ydx
1
2 _ 6
Y =8
Ly=[xydAl 77 1 = ~[xyaa
I == | x*—x"dx
U Prop10-55. Determine the product of 2 81
inertia of the shaded area with respect 3
is ? 1 1
to the x and y axis ? I=—jx*—x6dx
1 2 81
y 0
I =5.06
O Prop10-60. Determine the product of
| inertia of the shaded area with respect
3in Y= x? to the x and y axis ?
y
X
- 3in. -
=4
Lgrialaie Gand g Aoy pd AU 2 in.
.\‘
X
(x,y)
y=1x /
3in [ 9
/ (x 24 )
N
dx *
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: y
y-axis 100 mm
_ _2t;mm
1[4
300 mm| e 250 mm
. 4
2in B x
T
m e | 300 mm
o 200 mm 2 ]
——I '——100 mm
dA =y *dx Rectangle A
2 _ 2 -
yo = 4—x Ix_\' - l.r’)" t Ad\d\
- j x %y * ydX = 0+ (00 100(-250)20) = ~15010)
1 5 A gl g
1=—fx*(4—x)dX .
2 Rectangle B ——  uall 0 16 pgsd
2 -
[, =1, +Add,
I = _f X * (4_ _ xZ)dx =2 Xy Xy d.l‘d_\
0 =0+0=0
O Example. Determine the product of Rectangle D
inertia for the cross-sectional area of I, = Loy + Add,

the member shown in Fig. 10-15a

about the x and y centroid axis ? = 0+ (300)(100)(250)(~200) = ~1.50(10") mm]

Ly = =150(10°) + 0 = 150(10%) = =3.00(10") m

100 mm
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U Prop10-62. Determine the product of
inertia for the beam’s cross-sectional
area with respect to the x and y axis ?

y
1in.—
81in
| 12 in.
A
G
8lin| ® B
oG an C
10in
3|in
1in lin

°“J¢&ﬁ‘dm‘d‘M““ﬁmM

(1) =1+ 4%
=0+(8in)(lin)(0.5in)(4in)

IRT4R |
=|6mn ol jgaall J a6 50 0
Mlu&d‘drﬂ#‘}sﬁd‘

(7,), =1, + 4%

=0+10%1+x0.5%6
=30

(I", )(. =7' -+ AXy

0+(3in)(lin)(11.5in)(1.5in)

=51.75in"

U Prop 10-66. Determine the product of
inertia of the cross sectional area with
respect to the x and y axis ?

¥
J&nnx—-
o |
. 20 mm
400 mm
C
’ %
400 mm
20 mm
T 100 mm-| |-20 mm
100 mm
'
- 20 mam
] a”
CQ{ 4()()]”1“1
_ 400 mm
LS l
20 mm -
_1.0” mm —_ 20 mm
Area d, d Loy Ly
Segment "
A(mm’) | (mm) | (mm) (mm*) | (mm*)
100x20 | 10450 | 400+10
1 0 49.2x10°
=2000 | =60 =410
840x 20
2 0 0 0
=16800
100x20 | =10-50 | -400-10
3 0 49.2x10°
=2000 | =-60 =-410

I,=21,
=(49.2x10°)+ 0 +(49.2x10°)
=98.4x10° mm*

I =98.4x%x10° mm®*

'v
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a\ﬂ\hjmsaugé*&ﬂy,dststm
K7 ‘;A Ul g g 9a Al i gaall dwaigll salag

.
].\° ] Vv I

; Xy

abdlay) dlle Wgihe) ot Jla g Jiad) B s LIE
aa G 5wy abalagly el Jla g Uiles Liales LS

O Examplel0.9. Using Mohr’s circle,
determine the principal moments of
inertia and the orientation of the major
principal axes for the cross-sectional
area of the member shown in Fig. 10—
20a, with respect to an axis passing
through the centroid ?

100 mm__ ’ N__ - I l
400 mm B
-+ e
C ’F -

e T

100 mm

¥

’* 100 mm

‘

600 mm

[, = 2.90(10°) mm*,
I, = 5.60(10°) mm*

I, = ~3.00(10°) mm*

o ey Gt 138 5 ) guad) (B olana a8 Y1 038

Bl 3S e A8 e oY) 4

_ lIX+IY O]
— 5 ,
2.90 + 5.60
=l 2 ]:(4.25,0)

Bl jlad Chial 48 ma Ay

I, — 1_\' 2 "
(T) Tl

J(=1.35)2 + (=3)2 = 3.29

R:

2 + ]Xyz

_ LY =1y
Max — 2 2

[ 20560
Max — 2

. J[ZSO;S.GO] 24 (-3)2-

7.54(10”) mm*

IL,+1Y |[I,—1IY
Min = 2 - 2

] 2_|_ IXYZ

2.90+5.60 2.90-5.60
Tyin == _J[ > ] 2+ (=3)%=

0.960(10”) mm*

~1 ~[=3.00(10%)]
tan 20, = E > — = =22
P 1)/ [2.90(10) - 5.60(10%)]/2
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20P = tan"1(-2.22) = —65.8

2
6P2 = 0P1 + 90

O0P2 = -32.9+90 =57.1

Ly, (10°) mm*
T ax = 7.54 —=

I, = 0.960

0P1 =

—32.87

(0]

1(10”) mm*
3.29

29,

A (2.90, —3.00)

D JSAd) Bda 1 Sl ol Ja padla

=i .
. R=\('2')+1}_\
l.‘ -
A
2, _lf_

(== Imin "'

1. Determine I, I, and I,

/

max

2. 50 38 e Sl

_IX+1y
B 2
3, bilall a8 Chial alay)

4 Iy + 1Y I, — 1Y
Max — XZ "‘\/[XZ ] +IXY2
5.
G G| Ut PO
Min 2 2 XY
7.,
tan 260, = -

(. — 1,)/2
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8. oP1 ==~ _ b=din
9. 6P2 = 0P1 + 90 '
in
U Prop 10-83. Solve Prob using Mohr’s @
s -
circle ? h=6 in .
Y 4in
-— 2 in.A‘W 2 in.—
I zTin. | 3 N | f 5 3 |
L= 06 (@O -] () +20) 0
=236.95in"
4 in
I = [lhb‘ +(bh)(d.,. )’}g(lm-‘ #H17)(d )2
O X 2 ' 4 '
= | 3 2 ’ IRV
—_— =/ 5O <6 - 70" +50) (2
=114.65in"
h=6inl | o o JAN Y Al ay o) Cigaa ay ASY 7 hally Lidd
Glawall

e

l 3 2
I =(Ehh‘ +(bh)(d,,..) ]

% ”,_4 — (Itp': )((I,s g ——— ): )

[ 2= = =) (2) |

(7,) =0+(4inx6in)(2in)(3in)
=144in*
(,). , =0xx(lin)’(2in)(4in)

=25.13In" i gy cuw

Sua Al | S Gany

Iu - (In ),1.( —(I" )”n-l.-
=144in* —25.13in"
=118.87in*

B lIX + IY]
N 2
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A

& P

I, —
2

1,

NG

V(61.15)2 + (118.87)2
= 133.67

_ftfl-'
I.—1

x ¥
~

tan 26, =

~-118.87

236.95-114.65
p)

tan 20,, =

|

26, = -62.78°
8, =-314°

|

6,, =90°-31.4°

= 58.6°
|

I + 1_,,
2

I, -1,

2

max, min

!

] +1°,

_23695+11465

max,min
2

.. =309in*

[ =42.lin'

min

l

J(

236.95 ; I 14.65) (I 18.87):

Ly

236.95

175.1

/ min

20,

20, 30,

118.87

1"10.\’

U Prop 10-63. Determine the moments
of inertia of the shaded area with
respect to the u and v axis ?

““

0.5 in.
‘ 30° 0.5 in.
S in. /i_n.s .
I in. 4in.
I, =10.75
I, = 30.75
Iy, =0 1
I gad) ga B
L+ [v L=k
I, = 5 — 5 —cos 260 — I, sin 26
L+1, -1
I, = 5 == > —cos 20 + I, sin 26
L-L
l, = —sin 26 + I, cos 26
i :(l().75:30.75]+(l(l.75-3().75]cos (2x30°)~0
=2075-5
=15.75in."
154307 15-30.7
I‘z(IO 5; 0 SJ_(IO 5=30 5)cos(2x30)+0
=20.75-(-5)+0
=25.75in."
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