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LFy =0 , IMx =0 , IMz =0
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FFK IFGK
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B
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.~~~ ( ~.j ).:J 3 , 2 , 1 ~L...o ~ ) d.JL.-.o tY ~ UbylS ):J~~l

~ .~ ~~ ~}-J ~ r~:J tY ~L.o Jajij ~ ~~~ ~)a.o J~l tY oJL.o ~~l ~Loj ~.~~~ ~ ~,; ~),s..;s u~~I):J

.~~ -~~.:J . :J I':L.-.o.r ~.)) cr

.~~~~)a.o ~L.o~ SJ~1 ~ ~~) ~),s..;s u~~I).:J ~ ~l ~0Loj Ub01 J>~~ :J,I e~ J.jL.v-o

.~l )~ B olf~~l~ ~~~ ~.j y1.9 ).:J~

:~. ~~~ ~l~l u~~lJr...o 0-!.l ) u~~

.:Jljl rl.!'~..:J ) By ,B x ~ A y ,A x J~ 4 ~ J.:JlJu c:U:JlJr...o 3

.~~~ ~l.> ,~~

:J""=:-~ By ,B x ,A y ,A x J~)~.fblla)~ ~L.-.o EY ~.l ):J

~ .:J:Jy-5 is" ~l.> J~ 6 ~ cJ~lJr...o 6 ~.4c-i Ub01 j> ~l~ ~ .:J).:JDc
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a
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.~~~ ~l~l 01jl By ,B x ~.~, o~ ~b ,J~ 6 \'~ ~lbA ~ o.::::-~ 4,~ ).)

.~l ~l~ B ~l~ <Sl~ <.S~.)y19 ).)~ : r'~ E:.~ J.i~

c

Av

-x;-f 4Sy

~~//Rc

a

a

D

~F.
D

D

~\.1; ).) 1:J ~)b ~ olf~ ~. 0~ ~~ ~.l ).)

~1.l4.) ~~ 4, ~)~ ~~, B x ,A y ,Ax J~ ~

..).).lis" ~L::.t.o B ~l~ ~~l-.t ~ ~ j) ~'j1

:~.

.~~ .~ ~b I - - q .<,. J~L,u ~~Lr...o ~ ...... • L .
r~. ~~ .. ~}J.~

.~~.l ~b.o B~l~ : r~ E:.~ J.i~

)~ ~l1; ).) j.;9~ J,l tY ~~ ~lA ~~ tY 0-!.').)

J,l tY tULo J)l>. )"! , .))~ .)~, By ,B x ,A y ,A x J~

0l-.t1 ,) Uby19 tY 0-!.l J> ~ ~, ~,~ ,.)~ ~ Be~

R B ~ B ~,~ )"!.j J~Lu ~l) ~,.; ~ ~..~jl.J~

.~.).lis" ~bt..o

2:M A => F(2a)=R Basin45

R 2aF 2F
B asin45 sin45
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.~~~~.J' p)~ 0j, 0'~ 'o~ J~' ~)l> 15l.lb)4 4~UiA)~ ~~ l.lb4.? 15LAc1_'

u)~ ~. ~yb jl4c-" ~ ,~ JLa.:.;1 , LAc1J~'I, ~~~ J~1 LAc1JLA;I15~~ 15,) h9 ~)l> 15~,~_r

.~;-:!cs"

j' o~)~ k> ~~~ y1b ~1~ 15'~ ~1~1 ~.~ (.S!.,y;,,~ 15l.lb~ ~ ,4.? O~~~ 15LAc'-,

'~'~r'~
w2 ~,~,~ 4 0'i~ ,) ,W ~ 0j, ,~;5 PJ.ro o~ J~' ~)l> ~~.;-:; )"!'~ )~ ,~ 0j~)I 0'~ cS ~)~ )~_f

(e ~, . . L" ,,-,. . ...~) ~ '. '~.l> . ~ 1_:'_. ~ ,:> ~ ...~ . u)~ ~~y::-J ~ ... '~ 0"!.r-:. . ~ ~ ~ ~~)

)~ tS;-:! 0 W14, ~~~~ r'~ ~, o~;5 ~~)4 ~ ~~ ,) 0' ,~~ LAc115,) o~.r-S )4.J"-tJ

.~.),,~ ~~ ,) ~Q.QJ}'O

:~lio vtJJ (~,

J~ , ~.pLo cS~is" j> ~ b~~ )I~.~~ ~) ,) 4.r> ~~ )~ ~~}A LSUb~. ~ ~'j' r'.J~.~ ,~,

~~ ,) J~ ~~ L Fy =0 , L Fx =0 oJ~~ ~~ )I~ 0' )~ ~ ~4 ~,~ <') J~ ~,~ 0-!.Y-S~ ),b~ ~. ~)

.~~ o~~, ~~~ ~') j' ,~)~ ~~.;-:; ~ ~,~ .~.,j~ ~~~ t'r ~ Jl> ,~)~,~

:tbllo vtJJ (~

)~ LM=O ~ LFy =0 , IFx =0 J~L,u 4\.J~Lt..o et-J J~' 4 ~ ~~~ o~.~ ~l.:.A ~~} ~~. 4 '4..r> ~~)~.')~

,~ .. if ~.« .! IA~' ~,~! as ~L La.c! I_~ .... t.... ~_,~ ..• 'l5:..o~'" .~, ~~ u~ ,.t.... z , ~
~.r::- )~ .r ;-0) ~ . <.S. o- d ~ ~ ~~~ u ~ .. cs" . ~ ~.r-
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200 1 200=2.W/21

.....•.......

200 1////
of--- t--/----Y"

A

D
A....--.

C

a

E
400=4.w/2

.~is" ~) I) 4.;> JS ~Ij' rl./~.~ I~I

.~~~ ~l> 0j, ~,~ , A y ,T ~. ,~ 3 ')'~ ,E ~AbA.; y~1 4
IME =0

B D C
Axa = 400a+200a+200(2a) => Ax = 1000N

IF =0y

E B D C
A y = 200+ 400+ 200+ 200 = 1200N

A=~A~+A~ =1562N

A

F E

~~I)~ ~~ oj~)~ FC~ ~,y:; :(~~ Jlw~) JU-o

8.4 kN ('

7.1 kN (r

9.5 kN (f

12 kN (f

IFx =O~Ax =0

IMA =0~15(2a)-Dy(3a)=0=>Dy =10kN

a Fee

.~j~~~ ~lb..o Fpc ~,y:; 0~),1 ~~ ~I~ Jl:>
Fsin (45)

r

LMB =O~Ay(a)=Fpc(~)a

EFy =0 ~ Ay = 15- Dy =15-10 =5kN (~'j' ~ 0'~cl? 4.;-> JS ~./ P )~ 4)

Fpc =5Ji=7.1N

Av
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:)~)~

CE = 10.J2 kN , FC =10kN ('

CE = 10 kN , FC =~kN (r
.J2

CE = 0 kN , FC = 10kN (f

CE = 1O.J2 kN , FC =1O.J2 kN (1'
2

F
Ir---~ E

c

EME =0 ~ Fpc (a)=20( a)-T(a)

.~.~~ yh.;)~ ,) T ,FCF ,20 l?)l> L5:;Y-:; "-w

T = 10 kN .~, o~ J~' L5:;Y-:;~,~ ~lh.o d.S ~, ~Wa~ L5:;Y-:; T

~FCF=10kN

EFx = 0~ FCE =0

AB=.[3m

BC=2m

ex 60 o

BJe

Bx

500 N

«» JD}I:MA = 0 -7 600~ = By.[3 => By =300N

«r) JD)12Mc =0 => By (2)sin 60-Bx (2)cos60 +500 (1) sin 60 =0 => a, = 550.[3 N
-i -i

Be Be
2

600 N
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c

E c o

a

~~l rl~BD ~ s,~ :JU"o

2P ('

o (r

-P (f

5P ('f

\P
ex 1

Cy f FSD r ~AD

LMc = 0~ ~D (a)+ FAD (2a )sin 45+ p(2a) = 0

...e t:..: ~ ~1'1 ~ 'l~~ 1 D· Jl>'~.~~~) ) ~ ··07-.) ~.

faD =-FADcos45~FAD =-~DJ2

FBD

faD (a ) - ~D J2 (2a) sin 45 + 2P =0~~D = 2P

i
~

2000N .!
3000N

2000Nf

A

:~.;-::fss" p )~ ~ljl ~ 01~~ I)~ j) 1~1

B Fsc
~

"'-FBG
E2mA 2m 2m

(' )
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EME =0 => R A (S)-2000(6) -3000(4) =0 -7 R A =3000 N

.~~~) 1)~~~~ .)ljl fl}~..) ~ ~j~ ~ (,)~ ~l.b.o Jl>

EMB =0 -7 FGH ( 2) = R A (2) -7 FGH =RA =3000 N

~~1)~ CF ,Be 15ltb~~ ~~ 90° . .+5° ~.l,j ~~. d.5 ~·)ro).) :(~~ JLw~) Jli.o

G

a

A

a

B o

a F

a

E

~()()

Be = 12 N . CF=50 N (\

.2()()
BC' = -- N . CF=-50 N (r

~
.2()( )

BC' == ---;=:- N . CF = 0 N (,
~.2

BC' == I ()() N . CF =0 N Cf
12

«')~) EFy =0~ FoF =0

«r)~)FCF =~ =0

Foe
FOF

FOE

FCF

EFx = 0 => -FCB cos 45 +FCD cos 45 = 0 => FCB = FCD

«r)~) . -100
LFy =0 => -100- 2FCB sm45 =0~ FCB = J2 N

LX

100N

:ltb,~ ~ 0~'~ ~ jf~ .~.~~ o~y5' y~1 o~11) FCB ' FCD <.S~,~~ oS ~1 o~~0~~ ~)k

100
FCB = J2N
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50

~--_.~ ---1
D r-- ~2~500 N

C ......'--:-"_lIoL..---:..--M----:;2=..::'500 N

J
B

A Jr----~---i U

.~.)~l ~~ I) FI~ ).:J ~I.:J S~~ : (V. JLw~) Jlto

3750 N o
1250 N (r

-2500 N (,

~I~~ (f

(')~ : LMc = 0 =>~F (100) = 2500(50) => ~F = 1250N

(r)~ :LMB =0=>Fpa(100)=2500(50)+2500(100)=>Fpa =3750N

FEF=1250

LFy = 0 =>1250-3750+ FpJ cos45 = 0

FpJ = 3535.5 N

r, FFCr=3750

o

M )

(
\

CF

:{
A D

C F

G

L

L

~~I)~ )"!.j~ s4..r> jl OQ ~).:J .:J~~ s~~ :(Vr JLw ~) Jlio

s)L;;:j 34.5 kN ('

S)L;:J 30kN (r

S)L;;:j 34.5kN (,

S)~ 4.5kN (f

FOQ

D

B

M Fptvl

IOKN

LMM = 0~ FOQ (12) = 6x9+10x9x4

FOQ = 34.5kN

6KN
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1KN
~('

1G

4kN (,

3KN 1KN 3 kN (f

H 1 t 6kN (f
1KN

B C D E

2m 2m 2m

FeD

p )~ ~'j1 ~ ~)~~ I) D ~.

:~.~~
FOE

EFy =0 => FJD =0

~~~~ ~~~ ~1 j1 ~.~1-\5" 'J?~ ~4;> )~ :(Vy Jl.N ~) Jlio

A

c E

o

G

F

ED, CB, GF ('

CB, ED (,

CB, GF (f

ED, GF (f

EFy =O=> FoE =0

EFy =O=>Fpa =0

FFG

FDR ~(__I >~FFH

c

D
1.5m

6KN

E ~~ &3E =2J3 kN ('

~)~ ~ &3E =2J3 kN (,

~~ ~E=6kN (r

s)~ ~ ~E = 6 kN (f
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FBD FBE

FEe =FEA
FEn =FEE
EFy = 0 ~ 2 FEE sin 60 = 6 kN => FBE = 2.J3 kN FBC ~~...;;;..;;.. FBA

6KN

2 (f

RE

D

.~.),1 ~~ I) FC~~b cS'~ :JU-o

~('

J2 (,
.J3 (f

FeD

Fa

FFe

E

B
, AB cS~~ ~ ~)1, cS'-~~ )"!.j cS4..r>~)~

.~~~~~~CE

~ yl;.b ~ o.)} Sts:.b:,1 ~.ro ~~.1 )"! .b~~

.~~ d')

:I)"!.j ~I FAB =0

:~)~ CE cS'~ ~~ lSI)"!Jl>:~

IFy = 0 => W =Wsin45+FCE sin 45;LeE.
E I FED

W => FeE
w-w[4)_[ 2-f2)W

f2 fi
2
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N

FJK =0

I .Y"!.)

FBC =Foc =FDE =FEF =FFG =FJG =FKJ =0

yGt:.ill) xy ~~~ )~ : B~)~ 'Jli-o ,,)~ ~

. I J~Lu tA-bl .'«
~."'~) .).9~~

IFy =0 => O+O+FBC cos u e O

FBC=O

.:.• x

.:

~_........ FBC
a

FBD y
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~~ o)~' .~~~~ ,)~~,~~, <.S)~ <.S'~;-? o,~ tJS~<.S)~ ~ L5Ub~~' ,Ub~

(~~~ <.S)tl~)4 ~ ~.Lo u)~ ~ L5)~ <.S)~)4 ~ o,~ Ub~) .~'~,s 0~J,b ~ ~~, 0-!.'

~~, ~ L5Ub~ ~ ,~~ '4-'~ ~l:..w' <.SUb~,) 4~ 0'~~ ,) Ub0' o~~ ~)l.:> <.SUb~', .s ~.Ub~

~, r j':J , ~L;~ ~l:..w' ~l.i ,) ~, J~Lu ~b· <.S'~ j~~)~ ~,~ ) ~ 0' <.SUbotf~ ~,~ tAS L5';;; .~~~

.~.~ p )~ o~~ <.SUb~', ~ L5';-? ~~, J~Lu L5Ube:U~~ ~ o,~ ,) ~~~ )4 uo'''>
<.SlJb,~ J~Lu ,~~ <.SUb,~ J~Lu) J~Lu u':J~Lt..o ~y ) 0~Li.:.w' ,~,) ~. ,~)~ (jS~) o~~ <.SlJb,~ tAS ~Ub~ )~

<.SlJb~~ ~ ~ tJS ~)" ~~ ~") 0'';~ O~~ )~ ~ ~ y1b ~,~ o,~ .~, (~ <.SUb),l:..:::S J~Lu 'L5)~

.xS~ s...s.;-;; J,b )~ ~~ , )'~

dv
l)ro(x)=--

dx

)~ d..i Lo' .~, ~ jS~ )~ J)o ,~ )~ e:U~~ 0-!.1 .~~ ~~, )4 )~ ~ ~,;-? ~ ~ )~ ~.4 ,~~ )~~ ~ ~.

~ ~. e~ ... l.i ... .~ • ~ L s.., ... ,. L J~' . lS:.o
. ~~ LS"'-~ ~"" '~;-? I,.;J'~ 0). ..~ .J"!.) '). u

d2M

2)ro(x)=--
dx2

3)V =dM
dx

.~ .r: • • .. ·1 .. ~~ .... c\.bl ·,,~ ..fJ,.e~:1L" ,~.~ ... , GS~ ~ ... .s ,« ~.~
~~ 1..:',y::J~ uJJ~' ,~'~. .)) ~y:- .r-- ..~), ~- --- ~;-?~' • .r-) ~J. 1..:"""0. ~ ••

.~),1 ~~ 1)~~~ ojl~',
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VD-Ve=_f
X D

ro(x)dxi,

M D -Me = fXD V(x)dx
Xc

A.

c D

.~I .. LI __ .~ ~·I I~ . .,).~ ~·I o·I~1 ~ ~-> .,)b.,l ~.(" .. ~ ~·I ~ ... \
~l..S'~ ~--- ~) ~) ~---- ~) ·v--..r· ... y~~----- ~ •. r

.~.)~1 ~~ I) C ~. ~ .,))~ L5~~ ,~Io~ j.a;..o ~ ~ C ~. ~~ Be ~ AC~· ~.,) :(VA Jlw~) Jlio

5m
_ ••••• " __.• M_ ..•••••••.__

A

2KN/m

B

6 KN ('

7 KN(r

8 KN(r

14 KN (f

2xl 10.5

•
2mU 1___

Cy

LMB =0~ Cy (4)-2(1)(3.5)-2(10.5) =~ Cy = 7KN

~F =O~C =0L..J x x

B.·~--3.5In---

~~~ L5)~ lSUb~~,bAg (,

sss~~~ ~~~ lSUb~ ,bAg (f

~~~ '-.5)~ L5Ub~~,~ lSUb~,bAg (f

FI
A

A

FB

B

~ AA cblAA)~ ;;;~~~)y! ~ '-.5)~ L5Ub~~~~)~,~lAA ~)~ o~ o.,)'~ ~ ).,) :(VY Jlw ~) Jlio

~,.,)~J).,).~IBB

~y!1y!~ L5Ub~ '-.5)~ ~ ~y! L5Ub,~ ('

~~ 0-=-! ~19 )~ ~ ~~ L5~~ .~ ~ o~ ~I,.> ~l.A..o ~L9 )~ d$ .,))~ ~~~ L5)~ L5~~ ~ o~ o~l~ ~ )~

~ A-A ~ ~19 )~~~~ .~I ~\j F2 ~ FI <.S~~~.,) ~ ~L9 ).,)~~ l.S~~ '~j ,x$~~ B-B ~ A-A

~~~ ~.:} ~JY!~ ..xScs" .,)~J~ ,~~ .;1~~ ).,) ~ ..b-.,~)~ o~ ~)~ ~,s ~I.)"! o,)k..~<.sO~ B-B
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L~1 I KN/ ~ o~·~·~ Lu~, . 1(" .... J~Lu Jl:> ~.. ~ :(Vy Jlw ~) Jlio. j! j! / m' j! r--) . y!.)~ ) ~)

1800 N 2500 N

1 ·80 em • _60cm.__

i
aOem

5 ('

8 (r

6 (f

~'~~(f

A

~ L5)~)~ .~, o~ o~,~ ~.Lo..;)~ ~ ~ ~.~ L.>lo.A ~ ~~ L5~;-:; L5Ub)~~ '~.j ~)~ :(V· Jlw ~) Jlio

.~ ~~)~')o~~~

(f (f

0-!.1~~ .~, ~ r ~~.J~?~ c..S~~ ~ o~~ ~~~ ~~ oS ~)~ ~~~ ~~ L5~~ ,~ r ~~)~ ,~~ )'~~ ~16

..bJ~ )~~ L.>~ )~~ )~~ ~~~ tAS ~, o~ J~'~ 0l.o..o L) ~~ ~ r ~~ )~ .~, ~)~ ~~ ~jf ~

.~t.,sO ~.l; I)~ r ~~ ~
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A C

A

L

p

I
I
I
l.

L --.1 +--- L

P/L

B

~~I )~~ ;-U~,~~~ )~ :(~'\ J~ ~) JUA

~PL ('
3

~PL (,
4

~PL (f
6

~PL (f
7

.~.),1 ~~ I) l.lbolf~)~ Jo..JI~ o)~1 ~.~ I~I

....« ... ,.~ ~·r I~ . ·lo~~ILI ·t(lo.~ ~·r 1_-
~ cs"~ ~----- ~) ~) . ) ~..Y ~-----.r--~

5
M max =FAL = 6" PL

)~ .~~ ~~ I) L=24em J,b ~ ~ ~. ~~) ~ d=6 em d.1al3 ~ S~ t~ ,~ ~ )~ :(~V J~ ~) Jlio

.J,.9~ )~ ~.?lo,~ 0lo..o 01~ ,~I y,lb h.~~.W ~), ~ ~~) ~ I) P=3KN ~,y-:; lJbt.r:;- ) ~.;Jb as ~)~

A

d

r.----------......,....(B

.L

27 KN. m ('

28.8 KN. m (,

28.2 KN. m (f

27.6 KN.m (f

~ [J 21-xLiMB = 0 => FA (24)-3{24- x)-3 24-{x +6) = 0 => FA = -4-

M=Rx=21x-x
2

A 4

dM
-=0 =>x =10.5m
dx

21(I 0.5)- (10.5)2
M max = 4 = 27.6 KN.m

www.wikipower.ir

www.wikipower.ir



~1.9) ~~ ~ ~.~ ,o~~ LSllb~ ~lA ~lf~ J.o-Jl~ LSUb.9~ ~. ~ ~,~ ~~.9~ ~bt.o lSl~ o~ LSUb~ )~

O~)~ ~~~ ylb)~ M 0lo..o.9 V ~~.9 N JLo) ~b ~.9~ EY "-w ~~, 45 ~~ ~~ .~~ J> j.;L...<, ~~, J~~

~ii xj ~UbJli.o)~O~ LSUb~)~~ ~l> ~ ~ .~~ ~~ ,) Ub01 0'':;~ J~L,u ~'.9) ~~ ~ tAS ~)~ ~~.9 ~ j'

.~~.!

14"

q

x
~

ID

B

(!:].j}J' tAS~.l ~ ..b.9~ ~~, f\'~ B .9 A J.o-J'~ :JU;,o

.~~ ~~')4 d.1~Lt..o ~ u)~ ~ O~~ )~

_ 3
x=-

8

2
W=-fq

3

1

LMB=O => -14A y+6400x6=O

IA y ==2740151

Ay+By=W => By =366015

Bx=O

)~ ~b ~.9~ ~G .~~.! J~' <p=60° )~ F jS~ LS.9~ ~4- 'J o~.t~ ~ ~~)~ 1.lbj.o.JJ'~ ~.9' ~~ :JU-o

.~~.!~ ~~ <p=90° ,<p=30°

F

-----...~x

IFx =0 => Ax =0

IMA==O => B(2R)-F(R-Rcos60)==0 => IB==:FI

IMB==O => Ay(2R)-F(R+Rcos60)==0 => IAy==~FI

F

.\ R
I "

1 6()'>A B
--~-----

A;y Rcos60o
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N

)~ v , N c..SUb~ 0~ J) Y , x c..SUbJ~ ~

.~.~~~

~I) -s ~~~ ~ ~UiA ~lj1 f'1.!~.~ ~ ~}i 4
u L.c d.J L . ~ ... ~ . V N ~-> ~ 1 J~Lu) . ... }-J ~ ' -~.))

NA~

'--v-I
Rcos<l>

N ~)~ => N+Aycoscp=O => IN=-iFcoscpl

v~)~ => V-Aysincp=O => Iv=iFsincp I

IM S = 0 => +A y (R-Rcos<p)-M=O

=> IM=i( l-coscp )FRI

c.S1~ ~b. ,~ 0t1 )~ ..ij~J is" Jlo.cl )!.) u\'b

,1lb~1~ ~bA ~ ~b LSllb,~ ~b.o

.~~ o~~1 LS~Jl~l c.P,) )1~4

·~4~ ~~ ,~~ u)f~Lt.o u)~ ~ ,o~ ~I~ c..SUb,~ ~.j}i ~.

.~~.! ~bt.oM, V ,N ~.~UiA l; ~~~)} I) <p=30° ~4 u)f~~)~

.~~.! ~~ M , V , N l; ~~ IJ ~I~ J~Lu ~I,) <p=90° )~ ~;;~ ~

j5~ U)~ ~ 4. Ub)4 o~ LSUb~' )~ ~~ :;$j;

~'I «. ~ o~ .: ...~ U ~ L ( 'YL Jlio J,;J1o ), ) ~ . r-- )~. - .

IFx=O

IAx=OI

.~I J> Jl] ~')'~ ~ ~10)lA:.o)40~ oJ~~.I:J>

~~ '. ljij~ d.J oS" I ..•. ... J 1 ..., ,;::-J u) . ~ ~ ~') , Lr")

~ ~~~ o~l~ yl~ ~r , o~~ ~l-...A J> ~ jt:.; ~~

o)~I ~~) ,~ ylb 4--~.1 )~ .~I;;~ J>ol) f"~ ~')

.~~~

J~ 0 1~.~~. ,~10)~ o~~,~ L.>~: J,I ~')

:~~I~ xc..S~I)

B
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~. ~I) s~:.;;JyS p)~~) Gy=O, G x =qo·R ~,

~ (~~~,.9~

J> Sl~ 'ua~ ~ ~ ~') ~.1 .~.~~ p )~ I) o~rJ )~ ) ds J,b , <p ~.,Ij ~ 0 W1~. :;~ ~'): r'~ ~'J

.~~~ ~l.:.A ,~~./ ~ J~I S~~ u)~ ~ o~rJ )~ ~ ~~

d <p y =d <psin <p

d<p x =d <pcos <p

ds=Rd<p

Ax
dQ=qo ds=qo Rd o

Roose By
d<py

r--"-..

Ay dQ y =q 0 R sin <pd<p

d<p x

~

LJ dr-,
dQ x =q b Rcos <pd<p

dpx

LFx=O => Ax-I; Rqoco;<pdcp=O

LFy=O => Ay+B y- I; Rqosin<pdcp=O

LMA=O => -B y(2R) - I: dQxRsin<pdcp+ I; dQy(R+Rcoscp)d<p=O

.,,}.j"':'lS"~I~'IAy=qORI,IBy=qORI ' IAx=O[ ~4..::.,,~.:.L....ojl

1t

LFx =0 => G x - I
0

2 Rqocoscp=O => G x =qoR

1t

LFy=O => By-G y- I1 Rqosincpdcp=O => IGy=ol
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Fs=F

.c I. , I. ·.:.1 oJ~i t; .hi9 Sts::bal~ ~t..wl ~ ~
!j-J~ ~J;-! t...rr . .. t...rJ)

L S..::..:> Sts:bol ~ .~l t:..:~ « ':~l L S..::..:> SlS:.ba' . , L. ) ~ )~ ~.. u-!.;-! •

l; ~ ,~ I. l~' . i L ,(" L..o Sts::bal ,(" " F o~ ,(" . I. ,~,cs" "'1 ~.r U .~.9 ~.9;-::-J ~.9~ ~. .r:

) )~ J~ F ~~ ~'}' ~ .~;-! ~sN ~,> )~ fSl~ ~ Q.$ ~.~

II <:··:~l Sts::bal ~ . u LA; o'l~' ~ Sts::bal " I. ·.:.1 c.\,j~i.9,-s c..s-=- ...~ .9 ). S.9;-::-J ~r

.Ff ~~sN o)'~~. >~lA~ ~~ ~l:; .9 o~yS '~. ~l) Jld ~~.~

.~~ ~.9 ~yiJ~ l~' ~ ('

.~y.iJ~ ~.9 ~~ I~' ~ (,
• ,~ I. ·.:.1 ..···1;. 'lA~ (f
~.J t...rr .9~ u .rrr:

..· ..:.ts~l,l" . f=IIN
~r- ,,-=,.9.x:-''''''

..• ..1;. S~l . f=~N
~ tS.9.x:-' R

k 0.02 ...I~ , ,
R =4<0.2=> ~Y;~~.9~~~ ~
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a

~~I I~,~ C-S..:>. L J i..~~I.b :. :JU,o
~ .r: 0-::-!. '.' ~ I''-~~-. .. r

tan a > Jl ('

tan a < Jl (,

tan a =Jl (f

.~I~ r,~ ~.j!

N

N=Wcosa

JlN> Wsina

=> JlW cos a> W sin a -7 Jl> tan a

w

a ~.,Ij 4)~ ~~. <S'J J~ W LJj, ~ cS,.;r~~ :Jl,to

~~~ 4 ~j.iJ~ J,I ~~.' 41~~.~)~)}

'"

~

~N: ..· .. 1;. ('~I,~ .
R ~($ ~';-::J

K( :...:., s~,,~ .., .. :·:·~I;' S~I,c .) .c . .:., ,~, ~ ~L 11<- ~'( a)
~.r- ~,~)~~ ~'y-::J.r-~. ,"---. . r R .r

K
(:."I;'S~' "1 ..... :'·':'IS~' .).~ ,~, ~LII>- .~'(b)
~ <S,y-::J) ~~.r- <S,;-::J ~. ~ . r R .r

K
..l.i"':'15"b~ 0L,j~ ~ , J;.;J ~4 f.l=R .II ( c)

uN: :,·.:.1 S~I' .r ~~ ~.,;-::-'
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L w 0j, , e r,Lt.-o J~ L~ ~. ,R ~,Lt.-o t~ L ~I~I,~ ~ :Jlio

~S~I ~.~ .!1.~.I~ ~4. ~~),>r 0'~ Vo ~I~. ~r

.~~ F ? LS'~ c:\S0:'.1 ;-!..b,~ ~~, ~,~~ 0j, ~~ uO} K

2R
W=-F (f

K
W=~F (f

R
W=~F (,

K
W= 2K F ('

R

'~.j .~I~ , ~.jf:J>

IFx=O :::} !F=NI

IMo' = 0 :::} n , .R=N.K

H=~N
s R

t,

H =~F
s R

2K
W=2H =-F

s R

.~~~ ~~ 01~)jA)~~ ~~,~ S1~, c:\S ~, ~~, ~.L." j1 d-.i~ ~ ~r o~~ ~•

.~I r j'1 ,p~)~ )~ ~ 0~;-! ~~ L5'~ c:\S P c.S,y;, 0~ (~I

.~, ~j'1 ,p~)jA)~~. 0~),1 ~4 LS'~ asP ~,~ 0~ (y

I) w )~ , o~;S ~ SlS:b:,1 ~,~ ;-!~. 0~ ~.~ ~, ~l> )~ .~, ~. L5~~ )~ J~ ,~. 0~ ~l> ,~ ylb )~

c.S,h?. ;-!I~ 01~'Y~ c:\S L5'~,'j ~ ,~~ LS,A? ~.,'j ~ ~ uO} .~~ s...s w )~ y ~l> )~ 4l> )~ ~~ ~~

,~L ~'~~.6-J .. "-' I· r oS·· ~ .~L S~I "-' I· <p ~ •~~.~ .~L (2nr) ~ .. ~ .... (L)
• ~ ••,) t..S)~). ..').. t...r'r v;;-.:~.~ ~ .. ~~

a) M=wrtan(<p+~)

b) M=wrtan(<p-~)

~ = tan -1 ( 2~J
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~~)~ )~ .~~~ o~b L"L..; ~. ~.~lj ~. B ~.~Ij 40~. )~ .~I o~ o~. ~l:i L51~1~1 )~ )'~ ,~~

:~, )}~ ~ r ~~~ 0-::-! )"!.j ~I) ,~~ T2 ,T1~ r ,~~ , Jl )~,~~ Sl.S:.bol ~.~

T2 =T1 e/-lP

0~.~1) 21tn ~. ~.,Ij ,~~ o~ L5'~'~1 )~ )'~ )4 n ,yWo ./1 .~~ 0~ 0~.~1) ~y! ~.4 B ~ ~ ~~

.~~~

~~1 jl '~lS" ~j.iJ0'~ ,~, ~ ~. L5~I) )~ ,XS~~ jSyA )~ I) W )~ ~~l> )~ ~ ~~ p )~ I)~

:~~ )lS')~ ~.~ ~,lA.o ~,.; ,~I f'j~ P ~I L5'~ ,~I~. C-S;> .b>- lS'Y!

w

~ a :

.p

N

w

p r

a l

,,:l

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

W = Ncos<p

P =N sirup

p
-. = tan o
W

0'';~ ~.I~~ .~I sin<p=~ ~ ~L6, tan<p~sin<p,~' s-:::,s ~.,'j~. <p ~,Ij ,~I s-:::,s ~w ~ 0~
r

P a

W r
:~

.~)~ ~L;~ ~,~ ~.~ J,,9 4\J~Lt..o )~ a daL9

~~)~ ~ s~, ~~,~ ~lho ~ J~Lu JaA> L5'~ .~)'~ ~ lS)'}!.~ ~ ~)b 0j, ~,4. 30 6S AB ~,,912 ~

~~4
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NA

A

\\7

\

JJ B

NB

EFx =0 =NA -JlNB

EFy =0 =NB +JlNA -30

EM A =0 =-30(6cos50) + N B (12cos50o) - JlN B (12sin 50)

:~)~ f'~ <\.bLu,)~ N B l.S)~.~ ~ .~ILS"''::'''''''~ N B=~ )..lA.o J~I <\.bLu, ~~.>1
1+ Jl

30 30.
-30(6cos50)+--2(12cos50) ---2Jl(12sln50) =0

1+f.l 1+f.l

=> Jl =0.36

Elb = 0 = N1 - f.lN2

EFv = 0 = N2 - w + f.l N1

r.MB = 0 = -w -.£COSe+ N 2lcos O-I! N 2 .esin e
2

NJ

w
e ...r-IJN2

N2 I

~ Sts:.b..o1 ~~ Jl d5d)~)~ .~t..sO o~~l ~ ~L6 lS~I)l tl~ SUbc:lA1> ~l~~ Sl~: (",\ JLw ~) Jlio

~~l )~ e ~.,lj .;sl~ ,~~ 0.2 ~l ,~

N ~)~35('

~)~ 28 (,

~)~ 22 (,

~)~ 14 (f

e JlN 0
tan-= - =fl =0.2 => e=22

2 N

www.wikipower.ir

www.wikipower.ir



~.I Sl~ .~I 500 mm 01rf)~ t~ , 200 mm 01t~ , 100 kg oJI~1 0j, fl.j~ )~ :(V' Jlw~) Jli.o

~~, ~ r~ ~ S~I ~ . 'Cil~ ~L ~I~ ~ ~ __ L... oJI - I· ... ·.:.1) ... , . ...r' if . ~,? (,~, ~ ~ ~~

2../3 <'
~ 3

~>::::-'
"': 8 -\- 1

../3 (r

4
5../3 ('I"

25 Kg .J5 (1'

25 Kg 3

Lffi
O

=0 => 25g(500)-J.lN{200) =O=> J.lN=_12_5_{9_.8_)
2

LFx =0~~ -25(9.8)sinS-l00(9.8)sinS =0~ sin B=!~ S =30°
2

LFy =0 => N - 25{9.8)cos 9-100{9.8)cos9 =0

~ N =125(9.8)../3
2

5001mn

y
XI '

/

~~

/
/

W

~~I ~I~ ,~~ ~), ylb ~ ~I';~ oSW 0j, fSl~ ,~~ 0.3 )-!Iy-! B~ ~~ S~I ~..rO./1 :(VA Jlw~) JU-o

2m 1m 0.75 kN ('

lKg N 1.2 KN (r
A

1.35 kN (f
B ~N

1.5 kN (f

R= 0.5 m r > 0.3 01 q
W

W
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B

1KN

0.3 W
I:M c =O~-Wr+FR =O~F=W -=

0.9 3
3IMA =0~N(2)-1(3)=0~N=-kN
2

f =~=0.3(%J =0.45

W
f =-~W=3f =3(0.45)=1.35kN

3

---+
F

N

1

1500lb

30lb

~~I)~0~' yl;..b ~ S~I '-:A-!.~.~cS~~ yl;..b 0~.j.iJ jl30 lb~~, ~ ~'''>~

0.13 ('

0.21 (r

0.31 (,

0.62 (f

J3 =2 (21t) =41t

T2 = eJl~
T1

1500 =elJ.(41t) => ~ =In50 =0.31
30 41t

~ S~I '-:A-!.~ , ~I M ~.~ ~~yf ~l.<iA )~ 't.r::- ~,UiA .~cs" ~), (\,jj,0~~~ cSl~ I) F cS'~ ,~lio ~ )~

~~I )~ ,~~ 0~~ (\,jj,~r , t.x- cS,) yl.:.b ~j.iJ ~.I cSl~ M )~ .~~~ uO) Jl t~ , yl;.b

M
M = Fr (,

exp(~~J-l
M =Fr (,

exp(~~J

M=F{I-eXp(~~J) (f

F [1t] T 2- = exp Jl- -=exp(JlJ3)
VV 2 T 1

EMO=0= Wr+M-Fr --7 -Frexp [-~%]+Fr =M
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~_5lSJa~1 ~.~ .~~ J-o.> I) SOON 0j~ ~ s)4 ~ ~~ ~I s~'i,s ~.) ~. s~) 760 mm y6j ~ s~'i,s t.r::- ~.

~~I)~ ~) s~) tx 0~~ sl~ ~j'i P s~~ .~I 0.305 mm~

Wa 500(0.305)
p=-= =0.4N

r 380

"r---.... P

ro =N cos<p

p=Nsin<p => R=~

tan <p::::sin <p co r

. a
sln<p =-

r
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......~
IhJt.& .&,.JJ¥ •••-

y

- -1'-0 dA

x 1Y'<-" ~~~ J91191.::...:.5' M, = fydA
A

Y ~ ~~ -,_ ... Jol 01.::...:.5' My = JxdA)T --. . C,'_IE.·<4JJJ J)J

A

x

~ J~I15~)~1.::...:.5' 'U)~ ~.1 )~ d$ ~l~ jSyo:;-o~ jSyo ~~ Yc ' Xc u~ ~ ~lS:.o)~ 1) A ~~ JS' 01':;~
:~.1~ ~~ ~.j ~l~) ) ~ jS;Au~ ,~;; 0-:'.1 ) o~~1 ~ .~~ ~l~ xcA, ycA 4)'!l)'"! Y, x lSUb)~ ~~

Xc = ~ f xdA
A

Yc = ~ f ydA
A

~jSr)'"! 'U~ 1~ .!l.~)~~· ~~,> ~ ~ ~ ~l Q))~ u~ 15~)~)~~ jSr~

.~I~ Ub)~ ~I ~~ ~J~llSUb)~~as ~l ~.~ ~ ~L;~ ~llSUb)~ I)u~ LSUb)~ ,~4~

~~ ~j ~1~) ) ~r ~~ jSyo u~ ,~l r~ ~ ) 4-i1~ jS1r d$ ~4 ~~ ) ~;A~ .!l

:~1~

LA-x·
X =_1_1

c A

LA-y·
Yc=f
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I)~~ JS ~),:;~ ,(u~ I~) 0 ~ ~~ ,~ ~ J.91).9~ ~bt..o L51~ ~ ~I L51~ ,~ jSyo

:~,1~ ~~ ~,j ~1.9) ) ~ jSyou~ .~;S jS~ 01)~ ~} )~~

fffXdV
Xc = fffdV

fffydV
Yc = fffdV

fff zdV
Zc = fff dV

.~1 ~~ \;;':.~ u~ , .. '~ . ·e·b p g dV 1 dV ·~I.. cs" .~~ .r yo ~ u-!'~, • ) r

v.,.

dA

)~~ ~1 ~)~ '01).9~ )~ ~. .9 ..J"",~~.

,XS ,~ ~w 01).9~ )~ 4~,~~ ~"'"~ .~.~ p
~"'" ~ 0').9~ j' ~b )1~~ ~ .~)~ 0' )~.W lAl

~)~ y ~ ..J"",~J~ 4~I~'~ '01).9~ )~ J,.:>

\ « ,'.,: .-t-.. ~~1 L.. ..J .~ ,~ .b" 6.S ,c1o 1~
~ c..---- ... ~ "'" ~- --- .r' yo }J ~)"!•

.~.~ p )~ I)~ 4~~ 01).9~ )~ ~ .9 L5~ ~~

~.9 ~ ~ lAl·~4 ~~~ jyA)"! ~1~~..b.Q.9)~~l5),.b~

<S~~ 01).9~ jl ~l> )1.9~ ~~ .~ cW I) 01~,~

~ )~~ ~L..o y ~~l> ~ ~I~I~ 01).9~ )~ J~

~ )I~~~~~~JA~ :rSyo ..b.w,; ~ l5lo~,I~

V=21t fYdA = 21tyc A

A
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A~ h

L=21tR

s

2R

1tr4 r2
o ~,~ I =- =A 0 ~,~ -
~- 4 ~ 4

bh3 h2

~I=12=A~U

r=~, °xb 1= Ao~b 3r
2

=l~ 11_·· -1> 0 bl
2 ~I ~ h' 4 ~ ~.

~~ ~:} ~,b jSyA ~\j xso .~1 o~ ~L.., 2R t~ o~.1~~ ~~ .s; ,SjG,~~~.) :(vt; Jlw ~) Jlio

:~ ~l)'"!l)'"! 0 )':'.l~~ j5yA )

4
-R ('
31t

4
-R (,
1t

6
-R (r
1t

Xs

~R (f
31t

x=x = fXdL
so L

L = 21tR

dL=2Rd8

x = 2Rcos8

2Rsin8

1t

]~~
2 4R e x

1t 1t

t')~ ~ .~.1o~)'"! 1)~~~ 10 t~), ~~L.., 30 o~~ ~LJ1s,L:..o ~ ~~L.v 60~~ s1o)':'.1~ ~)' jI

~1 o~1~ j5r 0w ~ j5r Q$s),b~ ~~~, ~1 o~.'~ j5r j1.r..o~L., 20 ~19 ~ A o..h.i;).) 0
'

j5r oS ,)~..)

~~~
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y = A1Yl +A2Y2 +A3Y3 =0
Al +A2 +A3

YI =0

Al =9001t

10
Y2=-

3
10

A 2 =30x-
2

Y3 =-20

d2

A 3 =1t-
4

10em

20 em

~~L, 3.42 ('

~~L,4.64 (r

~~L, 5.64 (,

~~L,7.24 Cf

d=5.64cm

L,)lo..c as t..S)~ ~ ,~ .~.)~1 ~~ ,~)~~ ~ j5'yo ) as t..S)~ ~ ~ I) o~ o~1~ ~~ 0lo..c .rs1~

~ z, y, x t..Sllb)~ ~ ~ ,~?.IL,)lo..c ~.~lA.o ~.1 ~ ..b~~ ,~)~1 ~~ I) ~1 ~.j5'lA 01~ ~~ ~.H.1

~~L . ..• • .;-?)~.r

I; =1458 mm4

I y =365 mm4

4I xy =365 mm

_ Ix +I y 1 [Ix - Iy )2 2 4
I max ---+- -- +4Ixy =15687 mm

222

2Ixy
tan8=--=? 8 =17 0

r, -Iy

R

:~~~ u)~~.j ~~)'~ j1 L~ ~l:-JI ~.L..o J>
(~1jl ~ rl.!~.~~.! p)~~) J~Lu lot;;) j1_'

.~ o~l~ ~~~ ),b~ ~ t..Sllb~ )~ ~') ~.1

(L5j~ )l5') lSj}1 ~!j)-'

p
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~ as ~I 0 1~ ~41 )I L51"-C~ JLa:il )I,~yA~ ~. 4.~ ~. J~Lu <51~ ~lS , f'j'1 1,~ :~ ~~ ('

, lJboLS~) ~~~ LSUb~ L )~j~ lS~0~di lSljI ~ 0 1~;~, JW lS~'~~ <5j~)lSwl~ 4. ~.l)l

~~,-o lS~0l5:.odi ~~ ~)l.> LSUb~~~"; 'o~ f'~1 ~)l»lS ~~ u)~ ~ 4. :~~~~ ~I~ (u'1La;1

'(<5J}1~~ ~I) ~~ ~ c.?")l> ~~,~ LS~I) )~

~I~)~ ) J~L..,u u),~Lu, jI<5'd-C~ ~ jW ,~~I ~L..o j.> <.SI~ \t~1 :J~ J.jL.&.a.o JJ ~JJ ~I JJ":'JlS (Y

~lJb0~ di ~,~~,~ ~), ~)l> <.S~,~ ~ ~I,)~.) ~)lfjl.w u'1~Lt..o, (~~.~ ~)~ ~)l.> ~~,~~

.~~~ (c.?")l.> <.S~~~ ;I)~ o~ ~~.I

.~. ~I A":cLl' ,cl$·l.wbl '1" .~~~~ .'. Q.(' f:.: ~~~&u ~~oS~~1 I~L.o ~}J ~~ .) 1".;;))) .'J u}J~ ~~ r ~). ,..~--~. .. )~ . ,..-----. .. ~ )

<.S)l$j~ w'1~Lt..o, J~~ u'1~Lt..o jl d} ~~ ~ ~I, )~ oS (<.Sj~)lS ~I) LSJ}I ~I,) jI~~I ~L..o )~ ~.)~ ,I~

u'1~~.r ~ ~ dJ ·Li· L; ~~l I~Lo 1- .rl SJ I oS~o~1 Lt.w . :c . L~I~. ~w o~~1 ~L
~~, .rr: .) .. ~ .. ~ ~ ~~ ~ ~.F u ...r>::: ~ .t.,sA

~~)LS U ~~ ~~ I~ ,~~~ ~L; JjL..o j.> ~ J~~ lS)~j~ u),~Lu, ~I~ 0~~' ~~~ LS)~jL., u'1~Lu" J~Gu

.~~~ ~.~ JjLo j.> <.SI~ lSj~)lS~I ~~)

.(. ~··:~I I~~ . ) ~L 1- I.tg ,J~~..61 L..bA9 tAS I~L..o (a)
~~ cr ~. .~~~ .~). ~

.(. ~~ I~~ • ) ~L 1- I.tg c. c ~·l.w..61 L..bA9 tAS I~Lo (b)
~ .. 00 ~ ~. .~ ~ ~ ~)) .~) • ~

.(. ~ ~':~I I~Lo . )~L 1- I.~, ~·~u)'~~ J~Luw'1~Lu,·1 ..«ooLtAS I~L..o(C)
~ ~ o- ~. .~ <,J- ~ <5)) ~ ) ~;oJ. ~

~~ ,(--tLa..o~ li.o I~~ ~) ~~, u'11 d.J ~Ae";"·L ~ ~ 4S..LJW ~~ .c .« ,~I ~ .. . L o"'1~
'o' 'o' ~ , ~ .. ~ • (,$,.,-..-.. ... f' ) .. )~ u J f'~ u ..~

~lOJ ~~.~.~... 1- o'•• , o'. dJ l:.> (~L 3'1 o'. ~L.o w)' ~I~')~L' ~ ~ ·:l.:..wl dJ I~~
00 V;;-'o'--- ~ cr: <.S)Y ~~J • • ) ~ ~~..~ ~ • is

.~ .x..:S 1__ , co'··lo'· '1 ~I" ~ J.;;$ 1- J~Lu.61 '1 ~I" AJb 1 ~L . c ':~I as I~L..o·I. ~
~ ~ o-: I".;;)J.r ~~)) ~~ \V-- , o-: .') ) }J~ "0-- ) .~ ~~ ~) ~ ~
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.«-« .... u~~1 . L: ,cl ~ I~ (~~ 3 '1 .. :. I"':') ,c~L' . Lo' ~ 'L; ~~.~ 1- J~L,u :. ~~I I~L..o ~a.J • 1·1
)~ ~ u ) ~ ~') .. ) ~~ ~ ..) u ) .).. r o-: ~') . .r ~ L.T ~. )

J~ 'I~ ~ .~W o~~1 ~ I~'L; 1- ,cl . ~l:;-(" ~ . Lo' oS ,c:"1 :. '1 b d$ ~I ~L::J I~ .~L .~~U r- . .... ) ).. ~ ~ ~ ~- ~ ).. . u) ~)..r ~')) ...~ •

J~L.,u ~~ ~')<.S~ ~ b ,~I o~10~ ~K~ ~? (~4.) ~.)~ ~~ d$ ~L::..-,I ~L..o rW)~

.(J.a.9 ~.l )~ 6, 5, 4, 3, 1 <.S~J~ J.;.jLo ) ~.W o~~1 <.Sj}1 ~') jl~~I

~Lo.~I~~ I~T ~0...J M .~s..., F·c(·· 's...,~ ~oS~ '~:~bu~Jw(f.r ).r)' .. 'u .. , .r.r--o <.S,y-::-J.. ~.. •• ~.r r

~.j~

.~I M l?")l.:> 0~ ~ ..b~yo 8 ~,Ij~

.~I T ~. )'~ ~ ..b~yo <p ~.,Ij ~

.~I F ? yo:;..o <.S'Y:; ~ .b~yo SA 0l5:.o~

~

~.~L . ~ '-' - .b.> ~I~I ~ ·1·l5:.o '.. .. L ,(F ~~).c(.. ~ • 1 b oS ~I . 1,Au1--o L-.,~. ,y::-J ~~ ) U U ~~. . .r .r--o <.S ,~<..S ~ ~. I~-)" •

,~~~ F <.s,~ ~L~_~I ~~ 6 AB .k> ~t~:;.AI )~ ~.~ b .~~~ o~~ SA oSF <.S'~ 0l5:.o ~. )'~ ~ )~

.~~~I,

.~~~ ~~ )"!.j u)~ ~ .F ,M, T ~)l.> <.S~'~ ~~ o~ r~I)l) ~ <.Sj}1 ~I) ~~ ~ <..SI~

W =F.S A +M8+T<p c»
. , -I ) ~ .... 1 .. L (e.~ I-~'~ ~ L Y L X L) X .. c:\.J" • :··1· 1 .... :. Jl:>

~~~ ~~~~~•• ~. o~ )~.r- •• )~ .. )~ •• )~~ .~<.S)..r~. ~

<..Sjy-JI jl ~l>- )~ ,~;-! J~L,u ~l:> ~ J~L,u r~ ~l:> jl ~I~ d$~ .fb ,~~.~~.; J,I 0~19 &.b I~.j .(<.Sj}1

:~..~)~ ~,> )I~ ~~ ~ <..Sj}1 J~\.,u ~.l~ )~ oS <.S),.b~ ,~~~ ~~ ) I)~~

dW = F dSA +M de +T d<p =0
dx dx dx dx

IFdSA+Md8+Td<p=0 I (r)

~I . ,- (r) ~1 '1 o~~1 L '~L.o ~L ')'L ~ (Y) ~1 ... :., ~ ·we.~~~1 '~L-o '-, cl d$ ~ :. ~~,:> u-- . ) ) . ~ .9 .~ .) •)~}J .).. r-:. .. l..J..I ~ ~ ~ ~

~ jl U ~~ ~~ .~~ ~ ~1.r!,~;1b 0l5:.o~ ~r- ul~ ')~.ra 'l?")l.:> <.S~,~ <.S~ ~ ~.~~.,~

d<p , d8,dS A Ub0L.S:..o~ul~~ 0~~}-J ~ ~ 4. ~ ~ ~ ~)'4 (r) ~1))~~. .~~.J o~~1 <.S~

.~~ ~I,> ~>L, <.S~ ~ )~ o~ ~1) <..S~J~ )~ I) ~01 ~~ .~~ o~~1~ 4.~ <..S~~~ ) ~.~

04.~b ~ ,~L....o c:.~ j> , 0~1 )~ ~~.L:, S-S ~I~~ <.S~~~J .~~ <..S~~ )"!.j )~~ tY~

·~.~r~
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~l> .~L t. t. I.lj ~-, I..:.. o~g~ t~ . ~~
. ~~.~ ~, ·t:Y ~ .r:r: ~T

)~ I~.j ,~4 ~ J,l EY ~~ 0-!.1 .~I ~~ J~ J~Lu

·~~ ~~~)~ ,(LS)~)~)~) ~ ~y~ ~l>, (LS)~)4) ~) ~,l ~l> ~ ~~ :J,I e,.; Jjlv.o

·~w ~~~)~ ,~.~~ ~b ~ ~l ~~ :r'~ e,.; Jjlv.o

.~~~ o~l-J , ~') Ub~:) J> , ~~~~~ J,l tY Jj~ ,? ,~~~ ~') Ub01 J> LS~~ )~ ~ ~.j J~l SL
L

0~ I)~~.~lj ~l> 8 )~,~ ~,l ~l> 8=0

.~~.:~ J> ($~~ )~ ~~ ~ .~~~

~ ~~ I~~ "-> ,~l o....L.o 4 o~~ • L.; cS . 1<: t.,
~, ~ r...Y '.r-. .. U ~.) ~

)~ 01~ylj ~l>, ~I~,h.o ~ ~,l ~b '~.j ,~4~

~, c:L..J , ~l> ..b....> 1<: t., • I ~ .~L . .. ~, .. , .H. ~~.) .~~~

.~l o~ ~~.llA ~,> ~~ ~ ~ILS1~~lj ~b ~.k:>

M lOt>..,......
<f~~)~ ~.~lj ~l> 0~ Jj~ b-i~.I)~ 6....S ~10-!.' J,' ~') .~~~ J> ~tg ~yb,~ ~ ~,~ ~ Jj~ SJ~1

u-Lo~ ~ d.....J .~ ~l> ~ ... ~ l1 ~~ d8 o·'~l ~ S-L, ,S>-' ~ 1<: .... ••• S'..J.. ~ 'lA~ . ,~L ... ) ..}J . ...r u-!.. \,,1"";':-- cs" ). ... :T' ).. .~~ ..~ . u,:> .~

.~~~ c:\.Al~1 ,) cJ~ J> 'J,I tY Jj~ ~lA~ , ~~.: ~,h.o s..::~ )~ 0lAj

.~L;~ ($)~;-? ~') I) ~') 0-!.1 ~ ~l ~!;) ~,~ ~')

.~ ~I,> o~b ~fi ~ts' ),.b~ ~ 0-!.1 )~ ~.~ ~ )~ ,~,) ~.1 ~ .b~J"" ul.c~'

1 t~ ~ d.....J,~ ... ~~, .l.o~ . .b-., .. d8 o·'~l d.J ~ ·li 1<' t., ... •• L~ ~ ~a..i I~~·l . ~ ~ ... ~~:.o.a..o a<'j:;
~!; • ~ ••• u j> }J ) . ..Y ~~~. . ~'L..T u- ) l.?;-?) ~ I" J-'

J..> ~)~r ~,~ ~!;) jl~~~ tU ~l~ ~l> 0=.I)~ l-lJ .~~ o~.,~ ~yG ~ ~~.' .~)b 0lS:AI~.j

.~~.:

J~~ l~ , ~~~ ~~ ~. ) ~)~ 0lS:.o1(~ L5Ub~ )~ F !; P ~l.o ) jS~ ($lJb,~ ~l~ JjL..o jl~~ )~ :J,I~~

o~~',c 1~ t. ·'~l ~.J~l>. 1 ~.~ ... 1<: ..·- 1 . ...:- • := '-·-.k:>~I~I ~Ub .. 1 t·I4\..bi;c..S~·~ <'
~) ~ "yJ,) ) ~-e; ~) ~~~ ,~ ;-?~ )'~ L)"!. .r ..r u.r

.~L ~L.o Jt!JJ~ J~Lu e t6 . 1<: t., ~Lo .~~.~
.~ 7\4.-- y-!.)~ r
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F

Q

J4-i~ I~ , ~)~ )} ~. llb~ JLa:i1~ )~ 151~ 4~ ~.1 )~

~ ~.~t:; ~l> )~ Q , P , F jS~ 15'~ ~ 0lS:A di 0~;S

.~~~

p

~)~~ ~.~t:; ~l>~ ,~I ~~.j JLa;I15lJb~. )~ ~~~ ~~Ijl ~)~ ~I~ ~ ~~)~ ~~I :r'~ ~~

,~ o)~~. ~ 8) L5~ljl ~)~~.~. o)W ~.1 ~)~~ .~~.l J> ~~ ~)~)"! ~')) ~ ~I~ III ~ ~~~

'(~j~~~ I) 01~.~t:; ~l> l..o~,> -s~')~.) J,1 ~') ~ 0
'
,:;LS"" 1) ~~.1, ~I v2,u2,8215~ljl ~)~ ~

0-:'.1,~~~ v 3' v3 ' " z .u 2 , 83,8 2,8 1 ~~Ijl ~)~ ~.~ ~1)~ 3,2, 1 ~llbo)W ~. ~ r ~)~ Lal ~~ J>
.. 1j.J (~... 1< ..· - 1Jb . "·I..bLA.;·l5:..o .... '.. ~·t:;..61"· ~ . ) ~ . 1- .. I ~ '1" . I~
~ ~ }--J~~ ,~.r u ~~, ..}J .. .rr'<r' ~. ~~~) .u!).J~)

.~~.l J> 15)b)"! ~') ) ~I

p

M

9

A /
/

~~.ILS"" ~~ ~I) ~I~ jI J~L,u ~ (} ~.,Ij ~.j ~)~:, Jlio

M =K-e28 (\

M = K-e8 (r

M=%e (i

~I~~ (f

oW =0 => Fdx A - Md8 =0

X A '= 1'a => dX A = fd8

F =Kx A =Kf8 => Kf2ad8 =Md8 => M =Ke28
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B

•
A

A

a

)~ ~ ,~)~ )} ~1 ~l> )~ Be ~ AB ~~ ~.1 ~ .b~~ ,~.1~ ~~ ~l) ~l~ ) ,J~L,u ~ () .n.j~ )~ :YJliA

.~4 ~Ijl ~l>

B

w

~JB

A
2L c

Xc = 2£(1- CosS) => dx., = 2£sin SdS

F = Kx, = K2£(I- Cos8)

c

W£ cos SdS - k (2f)(I-cos S)(2£ sin 8dS) = 0

W
=> (1- Cos8)tg8 = -

4K£
Xc=2L-2Lcos(B)

/0-:
/

,/

T
~~I ~ () • 1< .... ~: Y'Jlt.o) ... .n.)~)

SinS=~S ('
P£

K
Cos8=-S (,

Pi

K
tgS=-S (f

2Pt
p

p

PdYA -TdS=O

YA = £SinS => dyA = £ CosS dS

K
T = KS~ P £ cos S dS = KS dS => cos S = - Spe

D

~~I~ ~.:J ~1~ : f Jlio

Sin8=~ ('
Kf

P
cosS=- (,

Kf

p
tgS=- (f

Kf

PdYB - Fdy., = 0

yB = fSinS => dyB = fC Js8dS

Yo = fSin8=> dy, =£rJs8d8

p(f cos 8dS) - (kYB)( ecos 8dS) = 0

P = KYB =K£SinS => SinS =~
Kf
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Wdy-Fds=O

s=~a2 +y2_ a

1 -~ds = -(2y)(a2+ y2) 2dy
2

F=K·s A

a

B

w

K

D

6
A

c,------------==-
Wdyo -Fds =0

s = AC + CB - f = 1sin S+ f cos S- £

ds = (fcose-fsine)dS

y =i sin a=>dy, =icos ada
2 2

w(~cos adal kl] sina+cos a-I)(lcosa-esina )da =0

~ (CosS + SinS -1)(1- tgS) = 0
2Kf

A
6

p

b

M
('cose=-

Pa

Sin8= M (r
Pa

M
(ftge=-

Pa

M a

Md8-PdxB =0

dXB = ad8Cos8

Md8 - PaCos8d8 = 0

M
Cos8=-

Pa
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·~4~ ~~l Jj~ j.> LSl~ LS,g )~ ~!)) ~. 'LS)~~ ~!)) o~ o~l~ ~~ ~~ ),10 ~ ~~ )~ oS LS),b0l.oJb

LSLa.cl LS!)) LS~lj\ ~)~ ~l~ 4. !) ~4j jS~ LS~!)~ ~l~ dS~~~ ~ !) ~l,j Jj~ LSl~ ~!)) ~.l ua~~

.~)~ ~1!)1) ~~)l) ,~1 ~4j 0 jL., )~ lA>~. ~ )~ ~.~. ~ o~~

~~ LS)~~ u)~ ~ ,[ ~ r, Qi)~ LSlA»!)~ 4 !) [~ MiOi) ~0Lo..o ~~ o~ f\~l )l) ~!)) ~l )~
1=1 1=1

~ '(~.j ~ )~ F !) P ~ ) jS~ LSlA>!)~ ~~ o~ r~l )l) .bi9 !) ~~~ ~~ )~1 ~l> 0~ ~ ~ ,~~~

:~..~~~~~ LS)~~ w)~

0~~ LS~~!)-OA ¥)~ .~l~~ o)~.~~. ~ ~ ,~~~ ¥ u)~ ~B ,A ~)~~~ d:')

~ !) ~r- LSl)~ 0\ ~ ~~ ~~~ )~ !) ~1 ~ ¥ ~ ~. )~ L.>~ ~ SUb~!)-O .,bAg B ¥ )~ !) ~l ~

~.!)lj ~1 4cU P jS~ LS!)~ ~. !) F <S~~ jS~ LS!)~ ~. ~~ .(~l )~~ o~~ B )~ ~. )~4~ L.>lS:.o

~)~ ~ ,~ ~ LS!)) d.hii y1b ~~ ~!)-O ·~4~ P !) F s~!)~ ;1 ..blA.;~jj ~ D !) C 4A.; .~)~ )} ~jL.,~ a

.~1 ~~ s!)) ol#~ d.hii~ E ~ ~~~ 0~ E( r,8) ~u~

~)~ xoy u~)~~ ,~lo~ ¥ (y !) x ~) ~!)~ y1b)~ cU ~o~~ jl ~ ~)~ 1~1 s)~~ ~!)))~

~ ,~4~ P LS!)~ LS1~ rn !) F <s1~ rc 4--~.l )~ dS ,) 0 ~~ l~ l:; jS~ LSlA>!)~ ;1 4A.;~ o.L:,1.9 .~.Y-:.S is"

d.5 ~1 ~1 ~)~ ~ .~~~ <S)~~ ~)~ ~ Y !) x~ )~ ~ ,) jS~ SUb!)y:J .~~~ y!.j ~lA LS)~~ u)~

~ Ub!)y:J ~.4 llJ .~~ ~k.) ~jjLa ~~ ~l~ ~.4 ~.,b j1.~~~ ~~ ~;-lA y ~ u)~ ~ sj;l 4.)l) L.>~

~ :. ~. '.. "lA~ - ~ -~l~ l:; ~ . :'1 d.hii 6L:,1.9 . ~ -La ~ ... ~ }' t.S~ ~.r .. ~)~ . ~ . !)~ .r !)~ )~.r .. ~)~

.~~~ ~~ ~.j u)~ ~ ,~1) LSj}1 ,~~ ~l ~

F.drc+Pdrn+Md8=O (') Qj~L....o

Jj~ J.:> )~ ~~L., LSl~ ,~l o~ ~~ u~ l~ l:; ~!)y:J;1 d.hii ~1.9!) lA>!)~ ~ <S)~~ y~ u)~ ~ (') ~l)

.~~~~~ )~l u)~ 0~ ~ !) ~~~ ~,.; s)l~~ u)~ ~ )!)~ 4. llbL.>Lo.-o~jj ~l:.-.,l )~ L5~!)~

.~~ ~~ ~.j u)~ ~ ~~)!) <S)~~ ~)~ ~ lA>0~ ~!) ~~!) s)l~~ w)~ ~ Ub!)~ ~.4 ~4 ~1))~

l~j .~~~ ~,.;~ o)~ Ub~Jk 6' ~~ ~~ (') ~l) )~~ .~1 Fx =0 ~1 L5.)~ !)~ L.>~ ~~I.J~ ~

:~.)1~ F <s1~ ~~ .~y-:.S~ )}~~ y, x <S~)~ ~ ,lJb!)~ ~~ lA.o J.!..,b jl ~~

F=[O,-F] (r)
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· I -1

P=i p\ .P, 1=[ -Pcosa. -Psina] (f)
L -J

.:c J x C ~J + rC ~os e1
lYe J 1+r C SIn e J

(f)

_ {xo} {rocos e}ro = = . (~)
Yo ro SIn e

: . , ..~ 8 '-\J~~ 'f u\'~Lt..o '1 Jl>
~. ~.;-::-~ ~ .., )

aXe aXD
--de --de

dre=
as ae

ay de
, drD=

OYD de
(~)

ae ae

L5)~Y'! y~ u)~ ~ I) s.:>}1 ~~ ~I) ~.~ JjL.o ~.l )~ ~. 'O~~ J> L5)1~Y'!~ ~'J) fU ~ L5.Jo~L., ~')

.~~~~.,.; (}LL1~.) ~~ y~ u)~ 0~ ~ ~ ~.~~

:~"';)'!.j u)~ ~ 01':;~ 1) ~ , o)w d..1~Lt..o~

F.dYe+Px.dxD+PydYD+Mds=O (V)d..1~~

o~ o~l.A:..w1 dy c j1 \'~ )~ 1~ ,~1 Y L5l:.-J1) )~ F L5'~ 0~ (L5)bY'! ~') ~ ~ ..b~r ~ ~ ~,:; 4 ) oS ~~ ~~

dYD 'J dXn L5~0LS:..o~ L51)~ ~} ~ ·~4~ Py , P, d.5 Y , x~ 'J~ )~ P S'J~ L5UbcliJ~ ~ , ~I

y, sUb)~ ~~ Py 'J Px 'JF L5Ub,~ ul;1 ..bl,Aj ~.J..;Jb u~ ~1, )~ oS YD , X n 'J Ye )"!.~~ Jl>.~~~

.~.~~ 1) ~4~ x

:~

Ye =re sin 8 => dYe=recosede (A)

xD=rncos e => dXD=-rnsin8de ('\)

YD=rn sin 8 => dy D =rD cos8de (' .)

.~~~ )} V 6.J~Lt..o )~ I) ,. ,~ 'J A ~1,) )~ ~~~ )'!.~lA.o Jl>

~ SlY'! ~,Ub'J~ L51y! ~ ~,~~)lc b V ~I))~ ~0LS:..o ~''J~ )'!.~~ ~.~.4- r~ d.5 ~~ ~~..b.A9

,~)~ )I} Y 4. , x L5~)~ ~~ )~ ~0lS:A ~ 4. 'J Ub,~./I .~~ ciyf P )~ dYD , dXn .9 dYe S Ub0lS:.o

~ ~.I )~ o~ djl) sUbJli.o Jl> yJb )~ .~~~ d./ P )~ ~ ,~ ~I'J Y ,x SUb)~ ~Gu,~ )~ yfl ,~

.~lo~ J> s)bY'!~ ~') jl LS)~Y'! ~') L5~ ~ frsl
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[
bSin8 ]

rp =
0.8a- bCos8

p=[p 0]

w=[o -w]

[
bSin8 ]

rw =
-bCos8

[
bCOS8] [bCOS8]drp = d8 drw = d8
bSin8 bSin8

<oSj}1 ~I): PbCos8 - wbSin8 + M = 0

\,~

2M
tg8 2=- (f

wI!

w
~-r)

. 8 2Msin 1 =-- (,
- W(

. 8 2M,sin 1=- (
.. w(

oS olfy.:;~)~ ~ .~~~ J.:> ~Lo <oS)~~~ <..p,) ) IlJ ,~)~ ~~,~ ~. jl~ <oSj}1 ~L.o ~.~ J')l> ~ 0~

<oSUb,~ J~I ~ ~~u~ , ~.~~ p )~ xy ~I <..P,ru~ )~ ~..~I U Y =0 ,U x =0 0lS:A~

:~..~is" J.:> I) ~~ '<oSj} 1~I) ) ~ , ~,.; I) ~)l.>

A ------------~x

81
I
I
I
I

: W
I

Y t

B E

w

eM

V

W dy D +Wdy E - Mds 2 =0 <oSj}1 ~')

e
YD =-cos8 12

YE = I!cos e1+ecos e2 =>

. 8 2MSIn 2 =--we
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F

LS)~)"!~ ~~) jl ~)~ ~~~ ~ .s; j1 ~ 0~

I) xy jSL, )~ ~4 olf~ )~ ~..~~~ J> cJ~

I) ~~ J~l .b\.i; ~~ u~ ~ ~~ J:>} ~,.:>

.~~.!~ ~~ 8 )~ LSj}1 ~l) jl~~ ~~

x A = x B = 3 f cos 8

dx A =dx B =-3fsin8d8

Yw =2fsin8 => dyw =2£cos8d8

pdx A +pdx B - Wdy w =0 LSj}1 ~l)

-P3Lsin8d8-P3Lsin8d8 -W2fcos8d8=0=>8= ~~

.~W~~ I) J~Lu F LS~~ J31~ ;-!.j ~Ko ~l)~:" Jli-o

P=10KN

A

D

t
! :F 1 B

125mm ~ 125mm ~ 200mm~ 200mm EP 10KN
~ ...... ...=.. ...:.. ...! =F -

)~ 0 ~~ ) ~.~~ yb )~ xy )~ ~ ,~).) ~.r- Y~ ).) dJ , X~ )~ oJ tAS LSl~ )~ l~l cJ~ J> LSl~

)~ 01~'~ ,~)l~ C-S.r Y ~).) tASF ~ E ~l, ~lAA)~ ss ~~~.) .~~ J> I)~~ LS)~~~ ~~)) ~ (~

tAS y D ~ Yc ~ YB ~ YA LSUb0l5:.o~ l~ ·~4~ ~.r- L51)~ y ~ ).) p ~ F LSllb~~ 0~ .~.! yb)~ ,) xy

~ YA LSUb0lS:.o~ j1 dy D ~ dy c ~ dy B ~ dy A ~~ LS')"!~ ~ ~.~cs" yb )~ ,)~4~ llb~~ w';l LS~~

.~.~~~ YD ~ Yc ~ YB

Yc

Y p

A ---r---

YA

YB

B

t
p
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·~.Iciyf' p)~ ~ 1)0'~..~I Y)~ ~ ~ ~ D ~)~ o~ c9l, F lS'~ 0~ ,.J~l.u, ~I fi)~ U)~)~ ~

~~ .~.lciyf' p)~ -dYD I) 0 Ko~ 1-lJ ,~I ciyf' )} Y )~ ~ ~)~ y )~ ~ ~ YD 0~~

.~Io~ lS)~~~ ~.J~ ~ ~ .J~~ ~.l wl)~

YA = YB ::::} dy A = dy B

Yc = YD ::::} dy c = dy D

YA = 200 tan 8

-2Pdy A -2Fdy c =0

~ dYA=~de
cos 2 8

.~~~ )} lSj}1 ~I) )~ I) ~.~li..o 0-!.l

(r)

y c =-125tan8
125

::::} dyc=---d8
cos 2 e

2P 200 d8=2F~de ::::} F=I.6P=16KN
cos 2 e cos 2 e

.~I fil~ o~~ J~L,u lSl~ F lS'~ )~ :, YJlto

·~4~ 0j, 0'~ , SjG Ub~ ,~ ,S~I

i~ ,~I ~ s)~ , ~I ~ )~ 0l5:A~ ~ JL,~ ~. )~ I~I .~~~ J> sj}1 LS)~y!~ ~') ) ,~L.o

b 1) xy )~ , ciyf' P )~ ~ 0' )~ I) I~ ~..~I Jl-J ~,.=> ? r )~ R t~ ~ 0.;5 .~y:!~ p )~ 1)u~

.~~ y~1 ol~~ ~

p. •
i~

···· ..···········..···..············~x

A , B ~.J ~ tAS I) P , F lSUb,~ ;1 Jol.Q.j u~

~ Ub0' ) ~ ~ ~~~ xy )~ ~ ~ ,~~~

.~.Y:!~
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Fdy B +Pdx A =0 L5j}l ~1)

r
YB=-

COSe
d - rsin e de

~ YB---
cos 2 e

dx A =- f sin e de

2"

F[ Rsin8 d<PJ -Pfsinede=O
cos 2 e

.~~ J~~~i ~, )~~ l; ,~~ ~),~ "-! A~ )~ ~.4 tU p ~lj cS'~ ~,.lb :, ~ JU-o

P 3" 6"
I~ A+,.....-- ~/.

A ----l~--__--.

f

F

40tb

2"

2"

tJ...S ~~~ lolA; f'~ 0~.~1~) Jb ylb)~ .~\ J> ~19 ~~l-J "-! ~ tS)~)"?~ ~') j11:J ,~4~ ~~~. jI~

L:.: ~ F L B ~L ,-- ~ L 1 xy u~ ~ .~Lo..; '-' ',c b ~ :. '11 ~L.-.o o~ ~ '--'1 .. ~ ~lA~ ) - , '.' ~) .. ) )T -- •. ~ ~~) ;-? ~'))) ~)~

~ ~~ ~ .~~~ ~ "-! de J-:>r: ~~. '0Lo~,>~..~~~ J> J,\ EY cSj}\ ~')) e:UL.o ~Lr:'.1)~ ·~.A

~ ~:. Gul> ~~ ~1~1 ~ CD ~ ~l~ ~l ~~ ~ -(' D C..bUi.; ,~L ~ i., - ~~ ~ ~Lul) ~~ ...:r- ) -, cs:: -~. ) IS-' r , ... , ~, cs:" .

A

d
y
.{ ••••_•••••••_

40lb

M=60'lb - ft

............................................. ·d~:·....···········..···..··· dyo

Pdy A -120dYE + ,~#d8,=O
o 0
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Pdy A -120dYE=O

dy A =3dSJ. ~4 J)o ~ ~r
dy c =6dSi

dy D =dy c =6dS

6 6
dYE=-dYD=-( 6dS)=4dS

9 9

p( 3dS)-120( 4dS)=O :::::> P=1601b

D

30 lb

G

10lb

A

20lb

B <.Sly! P ~~I <.S~y;, ~~ ')"!.) ~I~~) lSI~ )~ :, f 4Jl..w-o

~ <.S),b ~ 0~J'! <.S~~ ~.~. ~ ~I ~w J,b 01) o~~ <.S)~

.~Io~~. ~.~. ~..b.w~)~

J)l> ) ~... L;lA; .. . L ... 'I~ '1. s:W 1-- 1 ·1 ~.t; 1(' .... '" ~ L '1" I~ .~L J 1 ~~ '1 oJ~ . 1
y! ~~ ~~ <..) ..~ ) ~ ~)<..) ••~ cr>:"~ ... ~~~ .~ ~ LT ) ~.

~ ~~~ j.> <.S)~~~ ~~))I oJ~ ~~.I)~ .~.W j.> ~ ~.~lJ 0 Ko~ ~~))I I) oJ~~.1 ( 13 JI.:..o~. ~ Jl:..o

.~W ~.Ui.o <.S)I~y!~ ~~) )I ~\.j <.S~yl~ ~ 1) ~,> <.SUbyl~ J-!.r 0~.~1~ ,~I ~I

~I~) ~ ~ 0 ~~ .~~ y~1 ,~)~ ~r <.S~~ ~ ~I ~ )~ oS J~ ~ ~. )~ ,)u~ )~ I~I

.~~~ ~~)"!.j u)~ ~ ,<.Sj}1 ~1)~. :~~~ 1) <oS)}1

Yc=a ua}

dy c =da=<>c

YE = =2 a :::::> dy E = 2da =2 ~ c

YF = 3a => dy F =3da = 3 <> c

YH=YG=4a => dYH=4da=4<>c

30lb

G

10tb

A

y ...

0:

20lb

E

P

H

:::::> P=501b
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p

~~l~ ~.jf rl~ :Jlto

p
tgn = ('

2Q+PJl

P
tga=-- (,

Q+PJl

2P
tga=-- (,

Q+PJl

f.1=0

ex
Q

p

Q

p

tga= 2
p

Q+Jl
2

P

2Q+JlP

.~~ d:') 0.3 ~j 4S~l ~~ ~ ~1 )~ J~Lu <.S1~ d ?l~ :Jlto

Be: (.S!.,~ ,~ ~

tg<po = 0.3

<Po = tg- 10.3

8 1t 1t -103
=2"-<Po =2"-tg .

d

Cotgf =0.3 = 2" = d

~1- ~ J4-d
2

d= A 6

B

•

d

c F

D

~ ~1)~ ~ ~l.:> ~ ~j, l; ,~4)~ l.tb~ ~ ~')~)~ J yb j1 P <.S)L:.j <.s,~ :Jlto

P =mgtg8 ('

P = mgCotg8 (,

A to--'-r---f +-ft--+ J----r-L------+ B

E

a
P = mgSin8 (,

P = mgCos8 (f

mg

FBD = FBE

mg = 2FBESin8

P= 2FBEcose

~ P=mgCotg8
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B

500

A B%

T • •
R=40mm

1m

1 •
C 500

~~')~ ~.j ~l> ~~ jl ~. y1b)~ A j.o..Jl~ :Jli,o

.~I~ o}} ~ yL:..b ~ Sts:hal (~I

.~I 0.3 Sts:hal ~.~ (y

31t
-~0.3

Q =500e 2 =500e 20

=>

~Q P
(y

-~ (1 J (1 JLMc =0 => RB(1)+~"2 -~ "2 =o => RB=93.9

.~~ d:'.) 0.3 o}} ~ yl;.b Sts:hal ~.~ .~~./ 2000 N ,A~,~~~ )~~ ~ y\.;..b

5000N..o
p = Qea~

5000 = 2000eO.3a

1 5 10
a =-In- = -(InS -ln2)= 3.05

0.3 2 3

a
-=n yl;..b )~~ ~,~ =0.48 ~ )'~ ~
21t

,~~~~ ,) ~~,~ ~ ~ ~ ~ ~.~ ~ ~ ~~ ... ~ o~, o~.I~ ~,o~.I~ u)~ ~ d.S ~~)~

·~4~ ~~ o~ t~ .r-.j slJbJ~ )~ 4S~~

~~, ~,~ J~Lu ~ (} ~~'j .~I o~ d:'.) S~10'~~~ ~W.r-.j ~)~ :Jl,to

tgB= 0.68 ('

tgB=0.42 (,

tgB=0.53 (,

.~'W~ 0j, AB=2R (f

:~)

.~~ J.> ,)~01~LS"" ,~)~~ o~.I~ jSr j',~ ~ y1b~' ~ ~10~~ ~~~ ~ ~ c:-i ~ ~L..o ~.1)~
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D B

BG=R=CG+CB

BC = Rtg8

CG =CDtg8

R = Rtg38 + Rtg8

CD = BCtg8

~ tg 38+ tg8-1 = 0 tg8 = 0.68 G

e

AB=3R

A .~I o.):'.I~)aS AE

~~I ~ J~L,u L:.: f) ~ ,. :Jlio).: ~ ...9)

E

e

AB

2
AE 3

AF=2RCos2S= - Reos8 ~ 4cos(28)=3cos(S)
2

Cos28 = 2Cos2S-1

8Cos 28-3CosS-4 = 0 ~ 8 = ....

J3 = arctgu (f

J3 = arctgu (,

1
J3 = - arctgu (,

2

J.lp
QMin = ~1 + Jl2

J.1p

QMin = ~1 + Jl2

~.. 1~ Q 1~ ~L . Q t; ~ :. ~l.?t.::..;1 & I~ ,/3 ~ I' ~I-'~' c.S & ~bl 1 :Jlio.~) ... Min) . .~~ ~ . ..r .. .9 ) ,..-..:. .r .. ... c.S.J"!

J.1p
QM in = ~

v1- J.1

-~Q

Q Cos J3

a

/It+-----I'\C'

a

A B'-----.pBa

1'"+-----j!I\ C

QCos13 = JlN ~ N = Q Cos 13
~

N - P + QSinJ3= 0 ~ N +QSinJ3 =P

~ QCos13 + QSin13 = P ~ QCos13 + JlQSin13 = JlP
~

Q= J.1p
CosJ3 + J.1Sin~

QM in : where Cosf + ~SinJ3 =Max :::::> ~ = arctgu

J.1p
o., = ~1+Jl2
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X B >XB, ('

X B < X B, (r

X B = X B' (f

p
--+

lS~~ 45 ~\ji; 0LS:..o~~..~\ 2 j\~ 1~ lS)}1 ,~)~ ~.d=- ~ ~~ 2~ ~ ~)~~.d=- ~ ~ 1~ 0~

.~\ •• :. o~ Jl.o..cl L~:1 6..J l.>
~ ~ .~)

.~llS~~ CE j\ .d=- ,~ lS~~~ ~W 0~

~~\ \~ J~L,u L:.: 8 cL I' :J1i4~ ~ ..~)

.~I ~\jl c.:Jb )~ ? ,~~ e= 0 ~~

PdYB -Fdxc = 0

YB =(h+L)-(h+L)cos8

Xc = hSin8

dx., =hCos8d8

F = Kx; = KhSin8

p(h + L )sin8 = Kh 2sin8cos8

P(R+h)
=> cos8 = 2

Kh

B

p !
l

I
h

.:
9

,~~ ~~.1 ~jiJ ~.1 0~~ ,~~./~ Jl.o..c\ A tr::- "-! as M A )~~ ;Sl~ .~\ 0.4 tfi:" ~ ~ S~I ~.~

~~I~ u)~ ~I~ .~120N·m

.~\ 33N·m j\~B o}}~~lA.o)~~('

.~~~ b~ A)~ ,~~ ~~.1 ~j.iJ tAS ~)~)~ (r

~~~b~ B )~ ,~~ ~~.1 ~yiJ tAS ~.)~ )~ (f

.~I 45° j\~ ,t~ ~ ~ S~I ~.~Ij (f
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..... ~
~u~•••

~J~ )~ dJ~ Jj~ ~19 )~ ~~l ~)~~ u~ ;S~ , lS),I~ ,~~l o,~ jl~ ~l jl ~l J~ :d.A~

....... ~ .~L ~l~ .. ·1 AJJ.-o u~ 1 _Q • I ,0' .~g~ ~lb, ,1 ~ . '..c • L ..··l~ tAS ~l ~L:, .~L
~,.,) • y-::J U I~- , ~~ ~ lS),;A ,?~ ). ~..r: u-~ ...~

JL., l; ~~ lSUbJL., ~) ~~)l) ),s..;s u~b:..ol jl o~ ~~l~~ ulS:.i ,~~~~ ulyhi ~ o,~ ,~ ~l

.~l o~ 0~),1 ~ ',A~

B

~~ ~ ~l) jl 'Uby19 ~:Y lS~.l,j ~ lSl~ ,Ub4.? )~ ~~l .~~.;f~ Lyho ~4.r> j~ (~~ ~. Ub~ ~ 4)

~ ~~:Y lS~.l,j ~.l lSl~ ~~~ ABeD ylS lSl)~ tAS )"!.j lS4? )~ ~) .~,::.,~ o~~l ~,~ ,~ lS~1 01~~

.(~l o~ o~~lBD , AC ~l) ,~ jl (~)~ 90 ~) .~~ ~~ o~ ~:Y o)~ u,~ ~l~

I)~lSUb,~ ~l':;~ ~~l Ub~l) tAS ~1~.1 Jj~)~ ~ ~

_<;·<:'Is:~ ~ lJJ.~L . ~ Ub . 1__7 ~ ~19 ~ 1__7
)~ o-r--:» .~ l..S) lS,;-::J~ .)' ~

~I l~ 1·l5"tAS-lJ~d..:>.·· <··:~IJlA.o..b1 'l~~rr ~ .. .,.-0~ , .') lS,)) ......

D

~c

~.~ I) ~~ ~.l~ tAS ~l ~.r-o. ~~ ,~.r:? )} ~)L:J )~ ~

~)~~ .~~.;f ~ ~l) ~.1 ~ o~ J~l )~ l; ,~~ ~ lSldJ:Y~

- .~Lo}~':;)"!.j ~L..o ,~ ~ ,J~
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~I ~ o~ ~)'~ <.5~~ ~~, ~~ .~, o~ o~~, FL ~ GM ~ EM ~ FN (~~) ~l5' )~ j1 ~j <.54.;-> ).):, 4J~

~~')~MN~ ~ .))~ <.5'~ ~~ ~~')~ ~~l5'

20,

E D Ca aF

..... \ Ai j ::... ..e-.. tit"
.,. • a.....

• .. • ill.....
....... :..:

L

J H Ga a.

2a

BOlcN.......--4~---- ....-----...- ........ .....---......--_....---.

lto~4lA ~15

~ 1.l5' ~ " i .~L ~ .. L L ~L:····' .. L L l.lb 1.l5' ~" c . tJS~.) .~ 1__ ·' 1 0 Lt.w : 1-~ ~ X) . .r:: ~... .~ ~.... ~ ~ ) ~ ~~~ IV-;;-- is" u-;.- ---- cr" ) ~ v-r

:,lJ .~~ ,) <.5)~ )4 ~'';~

B y J~ ~. <.5').) '~.j ~cs" ~bt.o ,) B ~,~ ~;; .~is" ~bt-o I) B ~I~ l:. A ~I~ I~'

'~.";c.,s4I) ~l..o.A J~lJu u\'~ A J~ ~ .~~~

LffiA =0 ~ 80(20)-100(40)+B y (90)=0 ~ By =40kN

.~ ~l.?t.o,) l.lb~l5' ~ .))'~ c.S'~ ~ o.).? o.)~' cblA.o ~~) j'~;;'~ 0)~1 o,~ j;9 c.S~~).) tJS ~lS:.; &.k Jl>

.~.W ch9 I) l.lb~l5' ~.j ~ ~lo ~ o.)'? y~' c.S),b ,) " ~ , ~~) Lx' )

BOkN J Ha Q,

(2)

G F
a

(1)

E D C
a aa a

a a

2a 2a
K L

N
0

tOOkN

A B

)~Yb tB'I/= 40kN)~x

~ ,)~<.5'~ ~I';~ ..bA9 FN ,EM ~l5' ~.) tJS~~' jl .~I o~ ch9 ~4 ~ ~lo , ~.h.w,; Oj~ J:>}

FFN '"
~l5" ,.:l ).:l I) ,~ ,.:l yfl Jli.o ,}~~ ·~4~ F

EM
./ ..:..).9"""~ ')14~ ,.,l.;.jL, ~l5" ,.:l ~I ).:l~ -.slJz,,~ III ,..w~

l.lb~l5' ~~,~) ~I ~)~ EM ~l5' ~ ~)~ c.S~~ tJS ~I~ ~~ 0' '~j .~I..6.l.C ,~.) 0~ FFN ~/FEM u)~~

~I~ ~ 4~4 4. FEM ~ FFN~<.5~~ ~.) ,0jL)\.~..Jtg~~ ~~ ~ ~~ ~ .(~ ~ I) c.S)~ cS~~ ~,~~

j1~<.5'~ (EFy = ~ y~ )~) J.)lJu ~I~) ~ ~~ 4 .(~~ ~ ~.) .fb 4.> ~ 4-i1j'~ ~4~I ~ , o~~

,~~ 0~./\ I~.j ·~4 0~'~ y1b ~'';~ FFN ~ FEM cS~~~.) ,~, ci./ )} (')~~ ~).) .s Oj~

).) ciyf )I} (Y)~~~ ).) tJS Oj~ jl~~J <.5'~ .~4~ J.)lJu Jl.> )~ Y~ )~ Oj~ ~ ~~~ EFy *0
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~ ):J cS OjLt ) ~lSl~ cS ~.j J~L,u ~I) ) FFW )~ ~ ~4 FEM =0 ~ ~.4 '~4 J:JL,u Jl> ):J Y~

:~. ,~.1~ ~~ ,~I ci.J )} (\)~~

(\)~ ):J=> LFy =0 => 40-100+FFNsin45=0 => FpN 84.85 kw

:cS ,~.J~ 01i~ ~ (r)~ ):J ,~ 0~ (\)~ lSl.l'! cS lSl~~ ~.~:J 4

(f) ~):J => LFy =0 => 40-100+FoMsin 45 =0 => FOM=84.85kw

:~..~.~~F~ ~~ I) 0~ J~L,u ~I) (\) ~):JMN ~.l'! :J), ~,.;-:; ~bt..o ~I.l'!

=> LM P =0 => FMNxa+lOOa-40(3a)=0 => FMN=20KN

FFN =84.85 KN

FME=O

FOM =84.85KN

FFL=O

FMN=20kN

H G F E

A

.~~ c.69 (\ )~~ I) °jL, )l5" ~I ~I~ .~cs" ~bt..o I) CG ~ BF ~lS' ,:J .l'! :J), lS~'~ I~I

B 4kN C 6kN D, 'Oj~ j) ~I.l'! D ~ J~ ,J:JL,u ~I) ~~ ~ I~I :J>

.~~ ~~ I) A y ~. A ~ jo..Jl~ 01i~

:~

H c F E
(1)

LM D =0 => A Y(9)-6(6)-+ 6(3)=0 => A y =6 kw

~li ~ ~.4 FBP , Foe ~. ~l5" ,:J ~ :J.;I, ~~~~:J ~~1 ,~.~.J .?'~ ~ ~L..o):J cS ~~ ~i 0w L JI..:>

):J J:JL,u ~1) ~ ~i 4 .:J~ ~ (~1 ) ~ ~. ) ~:J ;Jb~.4 4. ~ 0~ ~~. 44. ~.4 ,~ ,~ ~.1 'OjLt 0)W' ~~

~ 4. ~)~~. FBF , Foe =0 4S ,~.~~~ ci.J .;1} (\)~~ ~):J cS Oj~)~ l51~y ~

.~.IlS" ~~ ~.j ~I.;) oS o~~
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~I <.S'~ ~ I) ABCD Ojl.J AC (Sj~ ~ ~) J.!l5' :r 4JL.w..o

~. .xS~ <.S)~ J~Lu Jb )~ t~\'1 <.S)~ ~. u)~~ P

01~ b , t~\'1 <.S),:;-o ~,1j e .(T) I) J.!l5' ;-! ~), <.S'~ ,~

·~4~

c

B

p
~

E

Teas ~

C

Tsin ~

)~Y:,
~ ~ d.S I.\,~ ctJ "-> .. L.~"· o~b· ~ . \(" .... ~La"· ..... \

• ) ~. ..}J..9"-'~ u ;-!.)~ ~

~ dJ~ ~.l <.Sly-! ,~I o~ o~),1 O,? )~ (<.Sj~ )l5' ~I) <.S);I

)~ c9l, T <.S'~ , P <.S'~ ,~ .~~ o~~1 <.S);1 ~') ) 4S ~I

~ c..S'~ .~~~ ~~I )l5' oS o~~ JW <.Sllb,~ ,? C~

)~ c..S)l5' tA.:J~~ I;-!.j ,~I JW~ <.S'~ ~. A~ )~ c9l, T

.~~ ~I ~I·· . A o~ ~ \ -~-
~.}J~ ••~

( xy u~)~ y~1 ~) <.S)~y-! ~ ~') j1 dJ~ ~I ~ ,~I o~ 0~ o,~ c..S);1~ )~ as ~lho ~ 0..:::-:; 4

.b~yA ~~ ~ ~~~:; ~ <.S);I ~I), ~~~ y~1 ~ ~La xy u~ <.Sllb)~ A o~ ~ ~)~ I~ .~~yf J.>

.~~~ ~~ ;-!.j u )~~ ,lJb~~~ ~ ..b~r ~')k , lJb,~ ~

I~ .~~ ~.~ Y <.S~~ ,x ~I)~ c..S~I))~ l.lb,~ ~I ~ 'c..S);1 c..S)~y-! ~ ~. c..S)~y-! ~'))~ oS ~I.;S~~ ~j\'

:j1 ~1 u)~ 'Oj~ <.S1~ <.5);1~ ~I) .~I o~ ~.~ Y,x~,~)~ C~~)~ T <.5'~

(-p)(dx E) -(TSin~)(dx c )-(TCOS~)(dy c )==0

: \(" .... ctJ~ .• L,
~ •• }J.

x E =d sin e => dx E = b cos e d8

Xc =bsin8 => dx , =bcos8d8

y c = b +b cos 8 => dy c =- b sin e d8

pcose==T(cOS~Sine-sin~cose J
pcose==TSin(e-~)

pcose=Tsin~
2

T=pcos8
. e

Sln-
2
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)~ Jl> .~.~yf~ y , x (J-!.Yi)15 SUb)~ ~~ (~ ~,~ , J,l 0~ ~l.o) L~ UOl~ ~)¥' )~ o,~ (j!.l ,r~)~

),.b~ .~.jl~~.~ ,~l o~1 ~~,~ y , X SUb)~ 01),~ jl d5 y' , X' ~l...:..o SUb)~ ~~ L~ UOl~ ~ J.a.9 (J-!.l

04.~1~ jl.~.jl~..x.~ ~ ~1 o~ ~1~..x. 01~ o,~ )~)Y d.S Sju)~ L~ uol~ ~)¥')~ s~ J.a.9 ~1)~

~ ,) (o~L., L~ ~.~ , -~ -~~l.o) o~L.t J~1 ~~ )~ L~ sl~ L,hw uol~ d.S ~~yf~ L;\,Aj f'~

f'~ 04~1~ d.S ~l ~1 , ~)~ ~~, ~1,1} o~ J> <.SUbJ~ ,~~1 ~r ;lb )~ J~ 01~~ .~~ d.JJlb.o

04.l:.t .~~~ ~1~~. ';o~ J~1 ~~~ 0-!J )~ .~~~1~ o~L., J~1 ~1 L,hw uol~ S,) ~ ~ 1) SId.JJlb.o

)~ L,hw UOl~ ~)¥')~ s~~ Jj~ ,~) lS'"""~)ts')~ uL;~I)~ (~ ~ ',Ar JL.,) ~1 d.1L.,~ )~ d5 ~l yS~

.~~ ~1~ ol~~ f'~0~~1~ sl~ 1) 0~l:., ~ ~1';~ ~ (j!.IIJJ ,~1 o~~ L~ u~ )~~R' f'~

:~~yf~ ~~ 01jl J.a.9 (j!.l)~ d5 S~~' ~1 SUb)~~ Y , X SUb)~

I x = fY2 dA X)~ ~~~ f'~ 0lo..o

I y = fx 2 dA y )~ ~~~ f'~ 0lo..o

Qx = fYdA X.J~ ~~~ J,10lo..o

Qy = fXdA Y.J~~~~J,10Lo...o

X
LXiAi fXdA Q y

~?ru~
LA i fdA A

LYiAi fYdA Q x
~?ru~Y- LA· fdA A1

y

-
y

x

x
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~ JS 0')~ jll)~ S lJb0WI oS ~~ ~~ ~ ,(Qy ~. Q x 0~ ,) I y ~. l , ~Gt..o SIx :p+-o )~ ~j;

.~W ~~ )"!.j )~ S~~ )~ I) Q x ~. I x ~I,>~ d.5~ J=') J~ ~)~"-! .~W ~~l

)~y

a

y

)~x

b

I x = fy 2 dA x~~~f'~0Lo.."

Qx = fYdA X ~~~j,10Lo.."

jl Q.j) dA=bdy jl ~..(' o)W 0WI jl Q.j)~.? o~lA:-.,1 )'~ )~ , o)~ 0 Wl jl ~.4 ~ Q x ,Ix ~Gt..o SIx

o)W 0WI ~~)~)~ '~l.S" 0~ I) fYdA ~ j,10Lo..,,).ll.., r o)W 0WI ~~yf ~ii ~4 ~ ~ yfll)'!.j (dA=adx

Sly, , ~~ o~lA:-.,1 r o)W 0~1 jl ~4 Qx ~ , l , ~I.=a Sl)'! l.if .~l.S" 0~ I) fXdA ~ j,i 0~ ).ll.., ,

:~.~ ~)~ "-! ~. :~~ o~~1 1 o)~ 0WI jl ~.4 Qy , I y ~bt..o

Ix = fr2 dA= f y 2bdY

Qx = fY dA = fYbdY

I y = fX 2dA= fX 2adX

o, = fXdA= fXadX

xbb

- -,
I

I
I

I

x

.~w ~bt..o I) Y, X ~.)"!.j ~ jSyo : \ 6JL,.o

Y

Q fXdA
x=-y=-- (1

A A

Q fYdA
y=_x=__ (2

A A
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, t, , 0W1 ~l~ ) ~~~} ~~. ~lsO o~~l, 0Wl~. , 0W1 jl (r, , ~l) ~~~) A ~6t.o ~l~

:~. :~lsO o~~l , 0 W1jl ~ ¥ uO} .~~ o~~l

dA=ydx '0Wl)~

1 1

Y 2 =4ax => y=2a 2 x 2
b b 111

A= fdA= fa ydx= fa 2a"2 x"2dX=~(ab3)2 JS~

:(\ o}-:' 0WI) <\,j).)"""; o.)~l r o}....":' 0 WI)~~ b fxdA ~ Qy ~b..o \Sly.

Q y = fXdA
dA=ydx

bIb 3 1

Qy = fa XYdX= 2a "2 fa x"2dX=~(ab5)2

: (r o}--:' 0 W1) <\,j).)"""; o.)~l , O}40":' 0 W1) ~~~ fydA ~ Qx ~b..o \Sly. JI.> '

o. = fYdA
dA=(b-x)dy 'O)W 0Wl)~

ax =fydA= f:~ y(b-x)dy= fa2~ y(b-~:}y=ab
2

:~l~ ~l,> " , , ~l,))~ 01 ~~.~ , Qy , Qx ,A ~.~lA.o ~l~ ~ Jl.>

x= Qy =~b
A 5

o, 3( )!y=-=- ab 2
A 4

y
(a,b)

b····· .

b n
y==-n x

a

_ Qx _ Qx
X=- y=-

A' A

a x
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y

y

20W1

b d .
dx

x
x

:~ ,~~ o~lA.:.wl , 0 W1) ~~ uO} .~~ o~lA.:.wl , 0W1~. , 0 W1) JS~~. A~~ LSl~

dA=(b-y)dx '0Wl)~

A= f (b-y)dx = La (b- abn Xn}X=b f (I-a -n x n)dx

.~~yf~~~,~ JS A )~ o~L.t Jl~l J> 4
: . .c ... o~lA.:.wl 2 0 ~ • Wl'l .. Lb Q ~~ 1
~ ~ ) U )~.. y. LS~

Qy=fXdA

o, = f x( b-y)dx= f X( b- abn x n}X= f (bx- abn x n+l}X

Q
.~~yf IS"~b x )..l.io x= AY ~I) jI~ .9 ~~IS" ~b Qy )..l.io o~L, JI~I J> ~

:~ .~~ o~lA.:.wl 1 0).~ 0 W1) ~.4 b Qx ~~ LSl~ Jl>

o. = fydA= fy.xdy

y=ba -n X n =>

1

[
Y ) nx--

b;n

1

~ x=_a_ y N
1

BN

r a ~Qx= - y n dy
o ~

b n
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y
(a,b)

b . '" .. , .

a x

<.SUb~~1) , ~ 6J~ ~ ~,; L ,~~.J~ L;,tAi r~ L.>~.~1~ j1 ,~~~ J> 6J~ ~.1 ~ jl::..o ~l..o ~~ :~W.I)

dA=ydx , L.>W1 <.S1)"!

dA=(a-x)dy , 0 W1LSI)"!

a x = fY dA =Lb

y(a-x)dy

Qy = fXdA= f: xydx

A= La ydx

y

y

b

fdY

x

~ r,~, j,1 S~0Lo..o, ~~~ o~~ rli(~ u~ )~) s~~, ~1 <.SUb)~ u)~ ~ Y,x <.SUb)~ j1 J.a9~.1)~

x' ~~ <.SUb)~ ~~~~ r,~, j,1 S~L.>k.o ~~ s~ <.Sllb~ )~ .~~~ ~~ y , X s~)~ ~.1 ~~

.~ ~1,> ~ ~Io~ ~~.1 y , X <.SUb)~ 01),~ j1 ~G , Y,x sllb)~ JlA:..;1 j1 ~,I t61) y' ,

l5Ubu)~ j1 ~~ 'J~ tA5 ~1 0-!.1 .~~~ t '0
'
<.S~I ~~ as S jU )~ cbli.o ~~ Lf'1,> u~~ )~ ~ et:.s::.;

(, , , <.S~~)~,j u)~ ~ '0' ~,~ Sjli)~ Oj~ ~.)~ as~ wayS.Jl~ .~~ P J.r' ;':J'4 Sltb01~ , t
2

'~~)"!,j w)~~I) I y ~,Ix 01';~ ·~4

Y,

.. ·~·4··········-b-!-··· -_. -__t.~. _. _.;
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y4

t

b ... ... ~

x

............................~

X

dA

s

.......~ J~ ' ~
x

1 3=> I =-tb
x 2

:~

.~~is"~ )~ I~ jl S e:tL,1.9)~ ds ),10 ~ s.::;~ L.>Wl ~.

r, = fob (Ssina)2 t.ds

I x =t. sin 2 a f: S 2 ds

),b~ ~~')~ I x )1~ .~1 a ~'y! , L.>~.~ d.-J yfb J,b , t t~1 ~~ oS ~.j SjG )~ ~ )~ :, 4JL....o

~~lJ~ Q x ~ J,'0Lo..a

:~4~)'!.j w)~~ l , <s')~BC SjL;)~ ~:J>

B

a
......~

x

c

1 3
I x Be=-ta, 12
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dA=tds

I x,AB= f(SSin30) 2 tds

:jl ~l u)~ j) t , III

fa 2 1
j)l x =2 (Ssin30) tds+-ta 3

o 12

f
a 1

I x =2tsin 2 30 S 2 ds+-ta 3
o 12

.~~~ ~~ I x )~ Jl~l J> L

.~~ ,,)~~ j) Qx ~~ lSl~

j)Q x =2Qx,AB +Q x,BC

Qx,BC =yA=Oxaxl=O

Qx,AB = fYdA=La (Ssin30)tds=sin30.t f: Sds= t.~ 2 sin30

2

.jso x =2x~sin30=ta 2 sin30
2

2a 2b
.............................~

X

1 ( )3 2 3I AD =-t 2a =-ta
x, 12 3

1 ( 3 2 3I x BC =-t 2b) =-tb
'12 3

Ix,AB= fy 2dA
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y=Ssina+a

dA=tds

dS

~. ]SSina
a

........................................~

x

I x , AB = J: (Ssin a +a)2 tds

I x,AB =t Joe (sin 2 aS 2 +2asina.S+a 2 )ds

~.

~1)).) 1) ~•.)lA.o ~.1 Ix,BC , Ix,AD , Ix,AB ~.~liA ~1.) ~ ~ , .)~~ ~~ Ix,AB )~ o.)LJ Jl~1 0:'.1 J> ~

..)~ ~~ j) I x \.:; ~.)~ )} ,

:j) Q x ~~

j)Q x =Q x, AD +Q x, BC + 2Q x , AB ( 2)

Qx,AD =y .A=Ox2xt= 0

Qx,BC =y.A=Ox2bxt=O

Q x,AB = JYdA= J: [Ssin +a)tds=t J: [Ssin +a)ds

~~ ,j) Q x )~ 2 ~1) ).) .b~r ~..)~ ~.~.4- ~ ~ , .)~~ ~bA Q AB )~ o.)~ Jl~1 ~.1 ~l> 4

..)~~

~~1)~ R t~ ~ SjG)~ o~.I~ ~).) Q x , Ix )~:Y' 4JLv.o

y

x

x

dS

LSlJbJl~1J» ~),k~ ~~ ~1,> ~~1 ,~~~ J> (r,8) ~U~)~ tS o~ lS~Oj~ rl.o.; LS'.)"!:J:>

.~ J> ~l3 ~.j .b~yA

y

I x = Jy 2dA

Q x = fYdA

y=Rcos8

dA=tds

dA=t.Rd8
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r, = L1t

(Rcos8)2 t Rd8

I x = t R 3 L1t

COS 2 8 d8 (1)

Q x = fo
1t

Rcos8.tRd8

Q x =tR 2 fo
1t

cos8d8

Q y ~ Q x ~ I y ~ I x ~~ ~)}A)~~ )~ ~." <.S~~ , ~, ~~ SUb)~ ~ ,y ,X SUb)~ i~~ ~ ~.1)~

~S),b0~ .~.j ~ )~ c:~ ~~ ,~,~.! j> aJ~ dJ~ ~ .9 ~.~.! ~ )y~)~ c:~ .~~~ o~.J-! )l)~

~~ ~ ~ ~'r ~,.> ~)~ u'~.r:- ,~ ~ ~Lo} ~ o~L., ~ 4 cb~ <.S'~ ~~.! L;~ r~ 0~.~b j1 ~

)~ ~ ~ 0)l:Jl ~ SUb~ )~ ~ )'~ c:~ Lf""> ~bt..o )~ ~~ ulS:.i .J-! o,~ 0.9.r:- ~.1 )~ ,~w j>- cU~

Y ~ x~~ SUb)~ (~r:; ~) 0')'~ }' )~ ~\j .9 Y.9 x ~~ SUb)~ J\A;.;' SJ.9' }' )~ c:~ Lf"">~~ s~~

:~, xj U )~~~ )'~ L~ j' QJ~~ .~~~~

y

x

y

y
x

y

x

y

x

x x

~ ~, SUb)~ y,x oS) xy C:;yA ,~~ SUb)~ ~ ~ L~ ua''>- (Q y .9 Q x ~) I y .9 Ix dS~ d:'} .II
~~ ~, , \.S~~ J\A;.;' j1 oS y' , x' ~~u~ ~Ub)~ ~ ~ ,) L~ uo''> ~1 01~~ ,~4 (~4~ S~~

I y , Ix \.S')~ ~.;~y .9 x SUb)~ ~ ~ S~~~~) .~~ ~~ ~ h.~lo~ ~~JY ,x~; ~)~

y ,x SUb)~ ~,I ss ~1 ss 04.~ .~),l ~~ ~j ~I) jll) (Qy' .9. Q x' 4) I y ' ~ lx' 01';~ 1~ ·~4 ,(Qy , Qx 4)
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~ jSyA]I y ~ x ~~llSUb)~ ~G ~ ~~~ ~~l y' x')~ Go~ ~~ ~l ~ lS~~ ~)~ b ~ a o]l~l ~ ~jj~

.~)~~S~

y

b

a

----1------------'100-------,x"

Ix' =I x -i-Aa2

I ' =1 +Ab 2
y y

Ix'y' =1 xy +Aab

h

y ,

•.................~ x

.~w ~~ 1) I y' ~ Ix' ~l,>~)"!.j bxh ~)~ J:>} JliA 01~ ~

h
a=-

2

b=~
2

1,=1 +Aa 2
x x

2
I ,=~bh3+bh~=~bh3

x 12 4 3

I ' =1 +Ab 2
y y

b

/

~--------------~~ X
2

I ,=~hb3+bh-b_=~hb3
y 12 4 3

0~~1~ ]I ~ ~)~ ~~~ ~~l ~lyo ~W )~ ~ ry;..:>r-o 0~.~1~ o~l~ ~)~ lS~~)t) )~ ~~~ ~.1 :~,;

),s..;5 uu~l )~ ~~ JLJ ~ )~ ~yb ]I , ~~is" )} ~~)~ r-s ~)~ lSUb\Y"')t) )~ ~~~ ~.l tA5~~\ ]I

~l]l)}A o~.l~ ~)~ ~laA ~~~)~ ~~.1~ ~ .~~~ ~~l w~1~ 0 b 1yb ~~ ~)}A ~~.l~)

)~ .~ 'X) ,~~ )} ~,> ~)~ L5~4 slA>~.,J,1 )~ 1)~ 0:'.1 oS ~~~cs" w,lA:i ry;..:>r-o 0~.~1~ ]I 1~ .~1 )~),>~ ~~~

.~)~ ~.1j-J ~ ~l )# wl,j~l )~ ~~ ~~~~ )~ ~ ~ ~l:.-,l~

4 I xy ~ 0 y 4 I y , 0' x ~ I x ~,Jl,j\ )~ ~ ~.1 )"! ..b~.r:-o ~4~ ~La..o ~~~ \Y"')~ )~ )}A 0~.1~ ~Lo ~~ ~ ~.1

~)~ ~ jSra]l d5 ~~ Y ~ x ~~ slA»~ ~~ c:~ ua
'
'> ,I xy ~ I y ~ Ix 6.S ~1 yS~ 'l?r)~ .~)~ ~L.t.; Zxy

.~)jS~~
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~~.I~ ~ <.S~ ~ ~La..o ~~lA.o)~ ~ <.S~~~ ~~ ,~~.I~ ~ <.S~ ~~ ~l:..wl ~)~)~ c:~ ~I,> Q$~~1 jl

~ ~)~ ~ <.S~~ ~.l~ <.SI~ ~I~) ~)G.. )~ ),b ~ ~I )~ ~ ~~ is" )}~ ~)~ <.S~ ~~ ~~~ ~J )~ t1J

)} ~~ ~)}A ~ ••• ~ I zx ~ I yz ~ I xy ~ I z ~ I y ~ Ix c:~ ~I,> 'S~~ SWJ)~ ~.~ u)~ ~ 4..~~~)}

.~~~

«c:~ L.f'1,> ~U» ~~) 1}1 r~ ~ l.lb~~) ~I jl~..~~~)}~)~ ~)}A u~lA:..o ~~) ~ ~~I ~ ~ 4- ~J)~

~~ sl~ ~G ~ o~~ ~ ~I~ yl~ u\'l~ ~ ~~ ~~ ~..pLo)~ ~.4 ~ u)~~ ~ ),s..;s Jj~ <.SI~ ~~I ~L;~

~ ~.l jl ~I J~ I~I ~~~~ )~ ?::;?y-J J> ~ )~ L>l.?t:.ol sl~ ~ o~~ ~~, )~ 4JT J> ~. <.S~ .~

'~~l.S" 0~ ~.j o~~ 04j u )~~

I xy ~ I y ~ L, ~~~ ~ S~0~ <.SI)~ ,~)~~~ .Pr) 6 Y ~ x ~~ LSl.lb)~ ~ ~ S~ ~. :~~

.¥~..~~~~ x' )~ ~~ 01)~~ a 0jl~1 ~ ~L., LSl.lb~~ J)G..~)~ I)x )~ .II .~4l.S"

.~.)~1~~~ ( Ix'y' , I y' ~ Ix' ~) y' ~ x' ~~ SUb)~ ~~ I)~ 0-!J ~,~ 0~

y

a
x

:~~ )I} ~)~ ~)~ ')~ o~.l~)~ l.lb~ 4~,Jul ~I~·~,~.?~ \'~)~ d.S ~~ ~ o)~1 d$<.S),b0~

Imin~ 12

t
~~[jl D--2max~ II
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~~ )~ ,~4~ a2 ~ al ~1 l5lJb~ I max ,I min 4 ~,JL;1(lmax ,I min) ~ ~~~ 0~ ~ ~ ~..P\..o ~.

.~~~ 0~ 12,1 1 4~;~ 1) lmin,lmax ~1~

a x ' a y ,~ xy ~ I x ' I y , 1xy

I xy ] "\..0 .. 6..J LI
y

~.r ~)~ ...

't m a x
I xy (I xy ) max

crt
I max

I

'pya]1 xY'15lJb)~ d$) Y ~ x ~~ 15lJb)~ ~ ~~ uo1,.> ,S~ 4. j4 ~~.)~ d$~ wa}~~ 151~

01)~~ ~)~ a ~ 0 ]1~1 ~ ~L., l5lJb~p J).l:>~ )~ 1) x )~ Jl.> ·~4 I xy ~ I y ~ I x 4 ~1~ (~)~is" S~

~ ~..P\..o ~~1 ~~ .~~.J ~~1 ~)~)} ~115~))~ ~ r~~ 0Lo..o~~ ~..pLo d$ 1-2 ~Lt:..o)~ l; ~~~

~~1)~ a ~~1j ~t:; ~~1)~ (1 2 , 11 ~.~ ~.~ ~ 4. l min ~ I max )~ r~~ 0~~

yS~ 04.L:, .~~ o~~1 ~~;~ ~4.) <"p~)]1 ~.1~. ~~ o~~1)~ o~.1~ ~~ <"p~)]1~ ~ 01';~ y1~ 151~

~~ ~~) ,~4 15~ ~ ~~ .11~~ ·~4~ .;O~~ )}-O o~.1~ ~~ <..p~) ,~4 15~ ~~ JjL.o ¥~ ~ ~1

<..p~) ~~ ylb ]1 J~ ~.1 ~ yl~ 151~ ~.1 )~ Jbylb )~ .O~~ o~~1 ~~;~ ~4.) ~~) ]1 ~1 ~ ~ o~~ )JAO~.I~

'~~lS"" o~~1

r)~ y,
\
\

s~

x

I max ,I min (
I X - I YJ2 2

+I xy
2
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'~j LS'llbJ~) ~lA ~~ a , I min , I max ~b.o LS'I~ )I~ u~b.o ,~4 ~I~ )at> ~ ~r 04~1~ ./1 :ptA ;S.,lj

.~I )~ 0~.I~ )~ ~I LS'llb~ LS'llb.:\.AJ.;..o LS'I~

_cr_x_+_cr_y +
2 - (

crx - crYJ2 2
+'t xy

2

tg2a
2't xy

cry-crx

·~4~;~)~ s~ ~ ~~ sl~ ~4) ~') ~ 0)~I )y d.SLS'),b0~ .~~ J>~4) ~') ) Jl>

[
I x I xy ] I I .~.. I i I : .~. . I _1.-. I·· I
I I :~. ,~ 0)~ ~;l.o~~ D...J ~~~ ~~ ~.;l..o u)~ ~ c:~ ue,:> ~') ~ )~

xy y

I x - I I xy
=0

I yx Iy-I

:~ ·~4~ I min , I max 0w ~I, )~ 01sllb~) d.S ~1~ ~~ r,~ ~)~ oJ~Lu, ~ ,~~;~ 0-!.l J>4Jl>

I 2 - ( I x + I y ) I+ (I xy + I xy )=0

(~ r,~ 0lo-.o ~) S~ ~I,.> ~ J:» ~ ~I ~ )~ ~ LS'~ ~ JjL-..o slJ"? ~~) ~') 0-!.1 :ptA ;S.,lj

~ ~ I) ~I,.> 0-!.l ~I,.>~ Jl> ·~4 I xz , I yz , I xy , r, , I y , Ix ~I~ z ,y , X ~L..:..o LS'lA»~ ~ ~

~) .~),1 ~~ ,~)~ ~~, I) 01)~ 13 , 12 , 11 ~ r,~ S llb0 lo-.o 0-!.;~,s ,~y$)~ d.S 3 ,2 , 1 ~I LS'llb)~

:~~~ j!.j u)~~ ~~) ~')) I~ .~I ~)~)~o~l~ ~~ ~') jl oJL.o 0-!.1 yl~ ( 11 >1 2>1 3

y

1
~

x

z /
/

/

3'
:J:>

r, -I 1 xy I xz

I yx I y -I I yz =0

I zx 1zy I z-1
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4S ~il5" ":"""..1.: I ...,......:>j! .r..j f}-J ~)~ .u~L.... .::...;~~~ 0-1.1 j> ) .9 ..:......1 l.:'uUi::...o[\] ~I ;.h9 ~ ~ ~;lo 0-1.1

:~. :~~~ 0~ I)~ r~~ 0l.o-c~~ ~.?l, 0~ 0\ S~~.)

13 - (1x +1y+1z )12 +(1x 1y +1y 1z+1z 1x-I ~y - 1~z - 1~x )

1-(1x1y 1z - 1x 1~z - 1y 1~z - 1zl ~y +21xy 1yzl zx )=0

.~.'~ ~~ 13 ~ 12 ~Il r~ ~)~ 4.J~~ ~.I)

J> 0R ~ ~y6 <5~ d.-J ~~ ~, ,~ <5~ ~~ ~~ Jj~ ~l..~J ),s:..:s 0~1 )~ ~~ :p+-o )~ 4::1:';

L:,li:; 0~~'~ ) ,~ .~, ~~, )~ ~ ~~lS" o~~l '&i~ ~.~ j> ~~) ) ~ ~I ~ \'~ r~ ~)~ e:U~~

tU ~.~~ )~ 41 .~ 1~ 1)~yl~ ~ ~~ ~~ eU~~ )~ 1) o~ o~l~ ~j5' f C!.r~0~1 )~ ~~~

~ r~ ~)~ 4.J~~ ~ j~ 0~~ 4.?> .)jC!.r 1) Jj~ ry~.1 ~1':;lS" 0~.~1~ '~~lS" ~L~ y:-Wl; <5ltb~G ~~)

.~~y'~~

c

I x
--- ....-------~

IC.G

B

I =103 mm 4y

I ='3xl0 3 mm 4xy

I y Q Ix '~1 ~~. .. L·~ .. ~ ~ ~ ~Gul ·~1 b . ~ .L~l~ Alci~ t:..: ~ ,-O~~ 1 ~l~' ..~, ~bt;",l o.:..J1)
.J • T ~.. ~ ~~ ) • r ~..r: U ..T·---- I r ~) ~ .r: ) '-'...... .

.(~~~~ ~b..o I) I xy ~

~~')~ ,~ r~~ 0~ ~~ ~ ~?lA ~~1 ~~

~l.J ~P J')l> )~ x')~ o~ ~ ~)~ 6.S <5),b0~~) ~~1~ JlAil~ r~~ 0Lo..o ~?lA L51~~lj ~)~ ~~

(~~ ~~.l)~ 0' ~~~ r~~ 0Lo..o ~.?Lo ~ ~~ a ~)~ ~

r, +I y (Ix -I y J2 2
I max ,I min 2 + 2 + I xy

~~ y1~ a ~ ()~ oxl~ ~ j-!) 0\ ~ ~ ~,~ ~~ 2a )~ o~'~ )} \'4 ~1) )~ I) I xy , I y j I, ~.~lA..o

.~.1~~~

I x - I I xy
=0

Iyx Iy-I

0~ 0' <.Sllbyl~ oS ~,~ ~~ I ...,......:> ;-! r~~ ~)~ ~~Lr...o ~. ,~~~ )} )'4 ~~;~ )~ I) I xy ~ I y .r, ~.~li.o

·~4~ I min ~Imax
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, ~.j5"lA )~L~ ~~ )~ .~~ ~ ,~I r:)a.o ~~I )~ ~ SJ~ 4S <.S~ ,~ u)~ ~ I~I :J~

~.j oJL..o w)~~ ,~I J~ ~ ~.I)~ .()~ o~.1~)~ ~I <.SUb~ ~~, ~.?lA ~L:,) ~~ ~ ~,~ 0~~

.~I

I xy , I y , I x y-!Iy-! ,~)~~ S~ j5"yo jI cS xy ~Lt.:..o )~ ~ ~ ~ ~,~ <.SUb0lo..o S~ ~. )~ :4JL....o

,~~ ~~.1 x'y' ~Lt.:..o)~ L; ~l>r::~ a ol~~ ~.,Ij ~. ojl~1 ~ ~L..v ~P ~ J)l>. )~ I) x )~ Jl.> .~~~

.~ ~I) Ix'y" I y' ,Ix' ~) x'y' )~~~S~r'~0lo..o

:~.,.;~ ~I)"!.j u)~~ cS I) J~I ~.;L:, J~} I~I :yl~

y

a

.....- ~-----l..__~ X

s~

[ I ij 'J =[t ] [ I ij ] [t ] T

\
\

90-a /'~
/'

/'
/'

/'

a
~----'------~ x

)~x'

)~y'

Y . y' . c:U I, -' « . m ~.. I· I J ~ . I .
')~~, ..')4f~ ~ y -..'~ LJ-!. '.c...X. ~

Y L x' ~.,. ~ I, . -'.('" R
• )T -- ~' ..') Lr'~ ~ y

x)~ ~x')~~,~,tj <...r~ ~ Rx

x y-I. c:U I, -' (' . ill
)~, )~~ ..,)~~~. x
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.~~~ y!.j w)~~ ,J~') )~ [t] J~I ~.;;~ ,)'~ J~~ ~ ~~ L ~.

[t]_[f x f y ]_[cosa COS(90-a)]=[co~a sinaJ
- m x m y - cos (90+a) cos a - SIn a COS a

[t]=[co~a sina]
-SIna cos a

.' ~. . "Lo ." . ~ le- . [T] "Lo"I'" [t] T JGi:.;1 "Lo t . ~.~. ,~~~ ~~ ~..r u~,~.) l5 . ~. ~..r )~r~. ~.yJ u~;E)

[ t ] T =[c~s a - sina]
sm c cos c

[
I x' I x'y] =[co~ a sina J[I x I xy ] [c~s a - sinaJ
I y'x' I y' - SIn a COS a I yx I y SIn a COS a

.~.1~ ~~ x'y' ~~)~~~ I x'y' ~ I y' ~ I x' ~ f'~ 0~ Y:'.~~ ~.;Lo ~.1 J.:> ]I

:J#~u~l~ '-.>1,)':'~J~ ~~

Y!.j J~) w)~ ~ ~ ~.}Lo yl~ ,~)~ I)~ ~}Lo J.:> ~ J~I ~.}Lo ~~))~ o~~1 ~ ~.Lo.; 0~.~b'pl

.~.W o~~10~1 L51~ Y:'.j J¥')..>l~),b~ J;.il':;~ ,~I

'O)~ J~')

I x' =I x cos2 a + I y sin 2 a - I xy sin2a

I y' =I y cos 2 a + I x sin 2 a +I xy sin2a

I x 'y' =~(Ix - I y )sin2a+ I xy cos2a

y

ry/,
-,

-,

a x

S~ a

~ ~ ~~ ~~~ 0lo..o ~bt..o: ~,I ~¥ho .~I I y ~ l , ~}~ Y ~ x)~ J~~ ~.9~ 0lo..o y!.j ~.J~ :Jlio

~G .~j~ 45° ~.~Ij x)~ L x')~~.l ~ ..b~~ (Ix'y" I y" Ix' ~) y'.9 x' )~ ~Lt:.o l5~.J~

.~.)~i ~~ j:-i I)~I~ JlAil~ ~.9~ 0Lo..o 0-:.;:;$)~ oS l51~..9lj ,~ ~~~ 0~ 0-:.;;~,s ~ 0-!.y:;$)j-!

JL:> .~I I xy =0 ~..~)I~ 0)Ui; Y)~ ~~~ :J.>

I) 4\.JLo~. o)W Jl.Q.:..;1 ~.;;Lo J¥')) ~1';~ ~ ~~ 0~.~1~

~ .~ o~~1 , 0 W J ~~'I .... - Lc:U ..i;.,jl·· L ~ I-
) ~.r) ~.J~. ~~ •• ~ o-:

.~I y!.j U)~~" J~}3 jl
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I x' =I x cos 2 45+ I y sin 2 45 - 0

I y' =1 y cos 2 45+1x sin 245-0

I x 'y' ='!(I x - I y)sin40+0
2

.~.1~ ~~ I y , I x lSUbo~l~ ~~ I x'y' , I y' , I x' .J'!.~liA ,)'~ c0~Lu, ) III

: a ~.,Ij~. 01~ , I min , I max ~bt..o :~~~ J>

I x+

2I

y+_ (lx-2Iy)2+02I max ,I min

21 xy
tg2a---

I y -Ix

~L:t .e.~ ~~~ 1,, __ ... ···I~ L I . h.~.~:~L ~. I .. - uL;~1 ~ , .....~ ~ ~ ~ ,r~ ~ 1~L..a , c 1 t. • I.. r-:. ..r)~ ~ • y!.) .~ )) ~ ) ~. ~I- ., ~ ., l.J'" ~~ ~')~.

.~~ r:,~ , J,I ~') jl o~~1 ~ lSj~

jSyo ) tAS xy ~~)~ ~~~ r,~ lSUb0~ lS~ ,~ lSWJ )~ ~ ~. )~ .II tAS ~I u)~ ~.~ ~') ~.1 ~

.~~ I xy , I y ,Ix ~)j$~~

Ix'y' , I y' , lx' ~ r,~ lSUb0l.o..o, ~.1)~ x'y' ~~)~u)~ ~,.J.:>~ ol#~ ~.,Ij ~ o)~1 ~ x)~.l1 Jl>

~ r,~ 0l.o..o~~ , ~.?~ tAS 1-2 ~I ~~)~ u)~ ~ , ~~~ ~,Ij ~ o)~ I ~ X )~.l1 ~ .~~

)I}~ .J'!.j ~I,) l min , I max , Ix'y' , I y , L, ~ r,~ lSUb0 l.o...o ~I ~ o)~ ,~~ (~ l min , I max ~)

4 lJb~~ I) ~1 ,~~~ ~I, 1-2)~, x'y' ,xy lSlJb)~ ~ c:~ r,~ lSUb0~ ~I,)~.f ~~lAo o)~ 0~' ,~I

:~ .~L; c:~ UOI,.> lSUb~L;

, o)~ J}'O)

I x + I y =I max + I min =I x' + I y' =const

2 2
I x I y - I xy =I max .I min = I x ' I y' - I x'y' =const

l; .J.:>~ 45° o)~1 ~ X )~.l1 ,~I I y , Ix ~I~ xy ~~)~ ~ ~ L~ r,~ lSUb0~ ABC ~)~ :Jlio

.~1 ~j lSUb~.jS ) ~~I~ I y' , lx' ~~ .~.1 ~~ y' ,x' ~Lt.:..o)~

y I

~

/
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/
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1 1
1 .=-1 +-1

x 3 x 2 y

1 1
1 .=-1 --I

y 3 x 3 y

1 1
1 .=-1 +-1

x 2 x 2 y

1 1
Iy,=-I x +-I y

2 2

1 1
1 ,=-1 --I

x 5 x 6 y

111 1
Ix,+ly,=-l x +-Iy+-I x +-ly=l x +I y222 2

. ~ xyz ~Lt.:..o ~~)~ ):> ~1~ c:~ S~0~ ~U ~') 4~ c:..,.b ~~, ):> L5~~ ~ ~. .!'~ :p+o ~.1;

.:>~ ~1,> )})-! 123 L5llb)~ ~ x'y'z'

1x + 1y + 1z = 1x' + 1y' + 1z' = 11+ 12 +13 = const

222I x 1y+ I y 1z +1zl x-I xy - 1 yz - 1zx =1 11 2 + 12 13 +13 11=const

2i , I y r, ,....1 x I yz

I x +1y + 1z = I x' +1y' +1z' =11 + 12 + I 3 =const

2 2 2 2 2 2
I x I y + 1y I z +1z 1x - I xy - 1yz - 1zx=1x' I y' + I y' I z' + 1z·I x·- 1x'y - 1y'z' - I z'x·= 1112 + 12 13 +1311= canst

22222
I x I y 1z - I x I yz - 1y 1xz- 1z 1xy + 21xy 1 yz 1zx= 1x'y'z' - I x' I y'z' - I y' I x·z' - 1z,Ix·y' +2I x'y,I y' z,Iz'x·

=1 1121 3 =const

)~ 0'1 ,G2 ,G3~~~ L5l.lb~ ~Lo) ~4~~ r~:> 0~ ~,:..o ~ ~ , ~j5l.o ~,~ )~ 13 ~ 12 ,I} yS':JJ

.(~La..o ~,lA.o

.p') f J",,} ~La.o ~,li.o):>~, 4:»1:> ~~.~~)ts r JJA}~ '-.5~ ~~ oJL.A ~~, L.>~')~ ~~:('+O~.li

~,.; x'y'z ~Ub)~ )~ l.lb~ ~~ ~1) ~1~ oj!.j J",,)~ .:»~ L5~ ~.J"!)l) (~~ llb~ ~~ ,) f J",,}

o~~~~~ 1,2,3 ~''-.5l.lb)~~ xyz ~L..:...o l5lJb)~)~..b.Qj, :>~~
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a x +a y +a z =a 1+a 2 +a 3 =const

222
a xa y + a y a z + a z a x - t xY - t yz - t zx = a 1a 2 + a 1a 3 + a 3 cr1= const

222
a xa y a z - a x t yz - a y t xz- a z t xy + 2t xy t yx t zx = a 1a 2 a 3 = const

·~4~ ~I <.SUb~ a3 ,a2 ' al ~4 J~})~

.~)~ '-S'.~4 ~I)~)~ ~~,;(~~)-!La,), J~} ~La L)';~ I)~J~} <.S~,~ ~I~)~

~J~}

a x +a y =a 1 +a 2 =const

2a x a y-t xy =a 1a 2 =const

a x )-!I)-! xy ~~)~ ~~~ <.SUb~~ (plane stress ~. <.SI~ ~) SjG~~. .;I <.SI~)~ :~,liA Jlio

~~.11-2 ~~ ~I)~ l:; ~l.>~ ~)~ 22.5 o.;l~' ~ ~L, ~P J)G.. ~)~ I)x)~ ./1.~4~ t xy , a y ,

a2 =-40MPa , al =40MPa ~;.~ )~ ,~ ~.1 <.s,~ ~I <.SUb~ '(~4~ 1-2 )~ <.S,) ~I <.SUb~·) ~~

.~.1~ ~~ ~.j ~.j$)~ jl ~rl~ jl t xy , a y , a x <.SUb~ <.SUb~~ ·~4~

:, ~.j$

y

•

a x = 28 Mp a ' a y = 0 , t xy = 28Mp a

a x =- 28Mpa , a y =28Mpa, t xy =-28 Mp a

a x =40Mp a .o y =-40Mp a ,t xy =0

ax =28Mp a .o y =28Mp a' t xy =28Mp a

:, ~.j$

:f ~.j$

:yl~
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