YILDIZ TECHNICAL UNIVERSITY
CIVIL ENGINEERING DEPARTMENT
DIVISION OF MECHANICS

THIRD CHAPTER
RIGID BODIES AND EQUIVALENT
SYSTEMS OF FORCES



Ricw>  GODIES AND  [prcE RESUTANT (M)
h T COPLANRR ForcEs
'3‘1@%‘*\*‘)“3* 0 j two ﬁorceS(co«'\Cumm‘c forces )

% B oo mLh > o 2
' o 7 1= R4ty Theory =f Sinus
Xo 3o T (Rl Ry e (6 Te kD -
‘ ,":2 = \x\-rtqd+<\—2xlfe).3)) [2 p' -Fz
L N (F‘“FU\‘ *(Fyeiy) T S~ 53 s
' T Cosdine law

Pe N K2R 27E cosg |
3.2, \Zeso \m\5 h 'PONQ‘ Twto |J(s v\(wr\ff\‘{’s

2 .
— 2 -~ u-csn®
F=faxte “ 'CS; ie :
‘)
— X

_ F-— o ( Q.ec.\rmf/u\sf tx = Ceos &
=1 & \-—3 S —_ QN\\QQ(\‘K\ 131 TN Qs\“\'t’b\‘QQ cwr¢w+es)
/g Fu«’r'“: F"\x‘*r‘i‘jg *\—bx:*‘:m;f
| A Wen | €
A U, * 1’0759’; Th = Faget
/ t oy =
0\/ X o F o .coslle+ by, QSC'Q-B So(l/e
= \— =t 3= ‘q \—rb = F svde LT
L Soeep T MR p e Salus
‘ - . . \ ol - . - SO
Sondl =0 LeAvrean & snd x x> = :(rd\&—tl’ \4(F & -
bx ) | Q\j* by ))



3.3 Qesalbont o Sysfen of Feres

-

N

Llsmf) Qe&fmﬁq\ef Compone kg

—

R: \Zx\ﬂl\“

Rx = 2 Frx = At Foxt Fux

‘Z\j Z— \ﬁ = j’uﬁ-‘er\j‘trv\\j)
Mofﬂﬂu& K = \l P @

DJ(\QC,+ 00 (leﬁ hetwen 1L and X QX\S> T Zx

V/ : 9,\: SC‘C'L&n %

(5



= 3L\’Equl\‘\oriuwﬂw
Cond’w\-?m ggr ECi\x'«‘\\o(‘(u\M 15 %'\‘N\\?\(i
The tesqlbsat of all e forces acktag on the porficle wast be 200

-4 Y

- — = = Ay "_—)

\,2:: \2‘{’(* \Z‘js -tQ%k =8 )1"1

'2’( o ‘:\K‘*F1X*F3x+Fax=o e
F"\. 5

(2\) = ["Tay +’l:§_\j1r:?‘j+ 7‘;;_\,) =P
= ZF‘.j == W

5B | tree Bodug Otaplaun (F3D)
d i
FBY s @ sketh 0§ e outlined S\Aaee Of e bOA/‘j , “U\/WC’ ‘“W‘B

b QS \Qemf3 \\,F&"zej/ me ‘rth Su(‘f‘ound}njs, (e_g, Z)u\QpS-Pf)'l‘)
?j +he sg)s%eu is ©n
-T:AO @:]u(l(lo{?uu —['lw.n/
QX-‘ERL‘— @)
< - Fro Coslg‘l"l:COSu( oy > |
d (:_‘ 2\5 z it"y = o

L FAo.sm,zastm«-w:O@




R: \ O \(.M
Fp = 50 N

ok . s i o;f % °o€ e O&)pc@ sdﬁ‘{*em glwm tA F‘f
Crad YN\ dneeckion Oi

’Q = A:Qj 'S

Ry=z 25 = Fisindo~ '“Zz,casio = 32%0 ‘el
RESAREN

12\9: Z\:j: B .cs304F 3030 =

2 = (oaraiit = skl LN

_ %)
weckon 9 — Q.CC,'F&’\ \Zi =" % = DD('
2x
Crangle Fiade +he resublant of fu
v ,7?\ ‘ \:\:Fl:(:q= SN Q> f‘?OCLZ e fesu % O:f

* /\Fw & =2k N 3'\‘\,\@/\ Force Sl:)S’(*Q\M.

o _— ’ W) Jeselue the resaltand of R

0L T Re Q}\ Tovdan Bk Co»upomz_n{-s To W an v brdyr
" L T K—- B @S bO + 0 1L 0 == fa. :Z—_..\\b N
' e 20 = S.snbO+5— - _skN
¢ ( T ey = S-shb+3 —b rasio .. 2k n?‘

Y - \S\g*g"k \Q bS kN
dveckon  leaP = = 7= w24




b)

g G
R)( -t FU. co% 50 e -,C033

= R Sad =7 _
Ry = Py $030 + Ty . .90 LN —

The metimunr lood thet can be cenred

by the AP rope & OO LN
Fad e wavimuwn we:a\bl- W i conee

Ceceie e oy g, (‘9"32,3(?

P x= A Rk
*-_\;r_w530+Ta3-CoséO: )
Ton = bbb-0> EN

- -...’, .
YZLJ';E ﬂ:Q
—W\F,S\\nBOJ\'TPG-SMéO/\M:O
: W = 000 W



MOM??"-Q o refce about & Po?ﬂ_Jr () con bR ex(aoes%ed Lzy
e i ) _
" Necker F@é,u\c)( 0<? Fos#?on vacker T ond ferce

o L \sta \Vocter Notetan
3O+ M= Fd g
[‘\(f\ . Mo > ?Qrpiﬁdtu\\of e s B
L Cokake tha \Lacr abou + 5M\, B
AN : o ] |
)JH) z BAS, ke —_ \No T Sw

3 - bﬂ r’\‘g»\;{ o ke

—

F:(\:x\\-k ~§§




\/o\r‘\Bhon Theonem - me)mq-\ oja Q@sulk\N%‘ OOE a Stﬁ*‘@u Oﬁ glsfce_g aboy &

a ?om* equ@\s o e Sumn oo(? ot 5 of M%’éé{“jd Gggmfg,-(a

o?
i
"3l
i ><
7|
&)

gﬁm o deg{ned as  Huvo \f/\qrq”‘&' (ﬁor&zfs et houve 4he &M\&
Ma n({.«*dg_(\'\gw\g, o?(aosi‘re A,?mc}fo“ and SQPQ;\:\*Q& bEﬂ Q

%Q;@Qz\&(c,u\w distsnce d . Moment sepresant s \oa %u, veedars

—2 s

CMa=0x E




‘ .
A% A

zquualent  Couple>

T \Wo COU\')\IZS ofe  Sald Yo e Qﬂm

=

—_—
—_———
=i1Ew

M = 9.50:\e0\M

e v evmBmasIG]

<_4,
e
T — N e - - —

M\o\nq% s Fece ‘o a oot out of tks line of actfen
Y J ’

Forces UJTH'ZSQW‘[)“LY s rfade
w+ 0‘9’9\957“'6 NS
Ya1g 7 G»Cj/é?—d




Vi tavmeds

AU&.SBM Aolhesine Q,‘c\d\.rn l::Zr«?»g

O e\ oswa 1<-&2U.5\V\~
= (L3 =532 = 2L By

3.k —2.5 = 2 N 6 \_

9 N - & ,
f[>/ P
4:\

M=1 .
& 5
X
| OW) ™
_ QG&AC} on O i torce 59‘5"“?—“” +o o, otk
f ot 2 ? .
T (ZQJ:LI«KC,JV?G-(\ PQ,SUJ{S (Ya (Force,- Couple, 585 "V'% -
L o2 2 g i
G A _ 5y IZ. r—\ t’ +05 . ‘ /(?D
€. = am
\ Y\/\: V"——Px‘”'ﬁ“x(‘z-\r X o .
Y | /
L nglo_ \;\Q‘{"-Ueﬁf.
x

* Fa
. JZO/U end wa)le
()



Fucther Reducttan of force systewr o o Swple Lroce

igr %9?& veckar _(Z s izgrf@ndfcu(ef o ‘q‘) +ten hs ?ossrb/e

g to educe gerco_ 33&% to a %1\'30!6 dﬁwcﬂ = M
.‘; Q\i(—,moxxjcznjr gopc@ . | \

e (/\ Lagg —y
v : F system conloe Ceduced +o & ,/
- = \: = ~ =S D > sl .'
; o 3 3 R =T AT+ R{ttn 2
N
s fe
2

b) Coplenar Focas: 1§ Fordowd o ity |
) = ’P@’I‘f\‘kr O W resu <

7‘ OEm éoupLe syﬁ*‘*‘“
stea WL @ force systen calnoe
\Z \AQ,CSJ-XCQCL tola %(\‘\S‘,e IES-%\\

I
. Fz 9

= >
S
2 X
LT,




(\Q,S?QC-\* Yo ?&,\.L O ”\Z/-
13 \: (xRy-y0) ¥

(Qx (l\ﬁ |
Mo = X 2y—Y AN Q,qu&kmn %P Rae oof w0

or v\=9O — (\)\o ’ ~ ~c
4 = otk Prad totessect the X sad Y XS

.
éor 4F0 jl =~ Mo

%
Q) PW\\Q\ Torrmk » Tarees e tr Pl BEAAL (’\O“Qf (x4 ?\‘W?)

T\"Q, Mo(vuu'\"\' og (& wAR
=

~

No=Mob =

-
Resu et 2= Qx T x Q\j 5 R
- o -
Mowmen —+ o O \,M:Z(\ch-: "—'—'\/\\ok
—‘E\(\QJ\ b s o\ovtouj jr\rw)r LA, H&%Q,
gacce,,ow?\e_ SSS“(QVV\ can ol eiuced o 3t P
P> a,




e \5/\ B\_Q\Lﬁ Trmed e {‘@SQ(‘LQJ\{' force Dc£ f—rﬁ%?&fd{@( ﬁsf‘c,o.s
10N &‘ &aylped on Hwe (‘ffﬂ‘d Boéjjl
= > -:’)
— j\ 5 L= Lalx Q‘jj
T 22-0 -
¥ Mt 90 SoOwa 0= —dST
60 w \M\c>¢-w"+ A O
k)% « (M, = 69-30+u0. S -1g0-4o =-5100 N w
5\0°ZQ¢/ > §. = ~S180 e
X

3%
F\g we ase to (?\r\é, a smg\e, resi)

%@\%A&SJQQ. ol Mawve to w0

ve fhe

Aaofce-cfjup‘,e
systeam + poat A



zsS S\J)TW\

T XAMPLE
y CSM\' 'm,;nl For Y S/«\W.n f&h& Syg'f@/"‘
A gt 9) Pl W qesathant ok potnb O (fedue F oo
?\ SN j&l::- 0.5 b) End '\—\/’Q_ Qqu@*(\g,\ f\af (i\/le O{f GQHN\QH
(L) Lﬁk FaRg N c) fladice Hre force systeus fo ot A
; Q:(\) (L\\O\
O A X
2) Ry=F +g-8-5-L - 3N

\)/\ " mﬁ:i+g~:§_;l-\ \C,N
L(f thMo= 14433 4 %5 - 14= -3 el
3 - 0 ALy = S W )

13w ) = %:% P ~353.8

b) CQuax(—ﬂzn ?:ﬂ M€ of et Q) MA . Y —IKQWW
N R [E ?_\-X\Q\j QM wac? 3‘”@\;&(\ 94\
KA =
L Y 9 Y T
-~ MO‘: X‘Q\j‘ |21S (@ (9\4 ) 4 '3\/\\()'\#(
4 =l 2 2( i
e R
e R S
| ' *




)]

R — e S~

“ ) ) . 7 I
_,L:Li«;.\a\u\\:f Comdoants o7 e Mowunt o [ & o

Y (unstcla(‘ +\\¢ f\«;(‘CQ :\3‘3\\‘0,8. &L{* Pv\\m-# /—\
N - -
- and POSTL?Q\‘\ veckr T
il FzF i1ty 3 oT ‘ P = g
= {3 ST TR W2 co~ weit? ¢ ond r L'\Snng‘ “tﬂfr‘
i ' l ‘E\"” WH&QT\\&‘ oM por\(n’: §
O = — X —D ==y W
L7 .5 b (‘:x7u>;'+2k
— - < =2

+he  waomend JfC Ihe C?S)PC‘Q Aot PDM+ O
)
M - (‘X t— = \\/\x'l U\O)+M}\c

/ % (Wz—?‘y\\ +
Ty

+ (2 Tx ._xrz)j

3
“leac e - *(/(Fy—lﬁ\:,(\E
/

l

fa e case of Prabiem

T(\\J(a\ufnsl o dnanstens My = \3?%— L Ty
-

W= = (K Fy-9RE g - 2P ke




o A;bQL&‘& Q GK\M A’ K(S s

e
¥

\Mo«wmjr of o *or Fo

MON\Q‘\'\' O(_f a rocce .g,\ocu{’ an QXS

Q\woxjs femaddd Constent

Corce \' avou £ poxm O Ta wntdh

Y o
ek ssomeat o Meagh e Mo

e eXs> -t ?‘:‘SS@
Monard of € = obout -t oxis Ts coladated o¥ follos

— ol fve woment of P shout s POm«L \res
on t\he <4 @—\(\S Sey \oou’?-\ (9

" (Mo = QAX F ] _
o . 3 | "

1@ e szl RA\B . ededaled - Cq\c;iiu*e e ward \Jedr&;{,‘ JOE {-'( ax\s
girsl Ci‘&“f) pie. sRtd “_ telo the dot PQ;JL(Q{— to caltulef @ the w.ij’M&q
MB CQAX: \ . \M,c _ ;M At (posection of W\o on -+ w\\s)

;&;(:soe:( Z_A*MO 2 WC\R WMy uf\ Ve targo fﬁ(‘v\/\

v .—3 ‘/V\Jc =My /\4:

W’J
M"’(‘: ‘\}\o;i'l | @




ExpmeLt
AE
&(1&4\
-
v} G 3

/\\?o‘*

% Y

ALsS2)

Twe (g%um r s uclr\‘df Ta
ond ks wqf-a"\'méi TS
to Po'\\f\* O.

C;li = Q‘S)’—"’ﬁsw
AU) :(g'SS:Bm
dl :(?-2\:5*"‘

d =\ chl-& A.\jlfé—":: b,S bw

g datection A
F: \0 LJ\‘ MO\JQ TT:)

Ax: f: ~O,uS T

/) d

13?5‘:’, Ofug?
_d2

/U < = 0,761

SH

N - -
/L: Ax :‘-ﬂuj §j+ A2

ey B =3
+(4\3?‘j-+ 362 L
¢ 5 <
% 3 "X \
4,5 U3 b2
o -
Z4LksAh

>

k



P awedral O ookkasing tasyi.
ke
@

\\

= \OF“ (O -‘C

&




4 mduw{ e pocce- Covple systen do o wnenche
The - gm&n &gch. ~couple: §38‘§&M con Yog ceduced 4o @ Po(q_; %

N\ JPocce ead Phe Wowent \;QL’&QP s0e - w some dﬁm

2. g e . _,’E’f\.a E
e UV, PR 8 nhys 3 R A ; M N

/
\\/ 0P Ve
e . = *
. .--...‘i-:r}..mLwaE«;fvs
- X . - _‘ : { \ . 01‘/

|\ woapdud 0 _ R oM M e o e o

D«g(\ (g : M\ - ——P\_E (VPNS"&‘% ';(.Q\,-\ 00(7 W t 13_ tA\\ _' ."\/\3

S e 1583 2.7 R oz

"s" © -

\a ecdar 4o dafrne oxsog. wsancn ‘
k "%w& WO 0L '1<'\/\Q O@sﬁce CDu‘D\L 5&3"?@)\ (@J‘O\M O .-\-o (aoml-/l snd

Mg ng\\owg\h{ Qciuo,’g;&n 3@%«'\ \OQ, UN‘S“H"Q-(\ ‘- S > . =
<‘No (\Ml MA ﬂ" SN/M °( =

—~

.Mz-—\—\M\ - ____3,

Tx Yl *M\’ Mo

‘—HM, C,OV\APO“@'L o# F (Q? = XI+L)J4%)c\ N \QQ Ceou(\d
Yy e aboona @%M@ﬂ |




~
= =B N F.,_-a-‘DN' P3 =N fzu::’ﬂl\{
Fad Yre  wonenk Ws. @Jo.n_g l—kn_éif'-e.drw
o Swendn
Fnd dhe perpendicdar dbence af oxls of wiendy
from o O

‘:\‘—'- ’BC&\lg—\*k F—,:_:‘@«-g\ WM, (3),_. udy 123 e
%L fu=8¢ M) o

M, () = = §b C
M@h_vv (o) = lZ FFH2r WMulo) =—36i+17k
o) = T = 6T+AFH 2| N g

P
lﬂo\ M(o) W@\ ‘6\g$‘tz RV US Newn
ﬂo)l %’ 'Zh% 3 < e
7 Y xMle) . o | 6 20 W
i WJ \tzs:\z\u\msﬂl\\ oL 2R
gg3s 3B

‘-”‘ Olﬁﬂ\ \ “* O(

-\ = 2\2-2 e,
1(‘\ | @



for Y ﬁm %D%s’rw o7 jwaas
F-3N =108 R =%N B =45
tnd e vaomend o\snj e dectinn &d{ anenzh

F\Y\Cl W '\)‘Q_pegj&(,u\o-f“ distrace @i QXS Sg WM\@\'L

\
= >
W > WA = WM Uy el
= s
. _ F 5 % X —_—\271\23‘-\-’291(
4= \ o 2 o = 3b - L
© O % Ve = 'zx+f‘1+!‘3~tﬁ(
U _ { < ™
,_tL V\-\u, _\): 3 ll: _,;,’56F+’29L = 3\* Z(S‘.HQQ
(o) - >
o § o AR: OlOBST-\rO‘Q?,zo;_(,O‘OVZ\L

-
6> Nom = M =MW e = 0,353 T+ 83bg OUF?

Cri@ W, = Wg odbiy-oSig (2
T (ot x-035h2)5 ¢ (0336 =4 3584 k = 2; el2g A ZHL O r-QITIY o

(O!W’O;:B%@ X=
- )



Pesolue tha g«'\mf\ f.src,o Mbo |
Hhedr compsnents qleng He AN
QYay .

>0y 135y Vit posn T hesnean
\) Mom-\- M lll’:: 0:4"5

@*@i ?A,f'l\?) e ?Y‘P‘ TS a0

W anen Mgm?.wcu&w

Swce are poralle ar der seck &S anh)

a8 A ‘}WI\ \Pu.: O "

6. enhut clocg G k> ) Resliant: clang PR x> j:?;

n B % sz ~Pcost =0 \ﬂzﬁ? =
~\3cosd —

€ copsl = 3)

NM)’- aeeu L\'G QxS

F\ st ([ P ama &= 66 +3-4
\E\:Pl‘:g Lx\(l
u) ‘AW\‘C“OM A(} < _a
Py sl 3t O sme 3 +PJ3 =61

=2 N
9 Mo 825,

?‘S‘\"-LS*'?)SI\\QL}"’PS—'} =0 )(?S-:O _—



