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:rrriJ, il -e Jlt\o Jrvti t1:j nr -;l ,F 6*; et.t

lMo = 6 = Ryx - 5000y (33.33) - 26?5 y (5) - 6750 7(30) + 17 50 7 Q3.33\

:A-tsi./ iJr{ J

.r = 44.8 m

ot-l'a ,:l Jr..r.i! u!;.t-'oJ-e\i 951.1;: 'rr*llrj.,L:i ol-*4 6 8,1 et\r*
ljJ .c-*l.t?, |l| Ji (* 6 ':--l ^;t11'.5,- ,rL:i ),-j;'

^i^ro=i62s.

01

lRt

j:< G)s _r- I _ l0 Jl:i



OY gYlad s(dUdt.f

x:44.8 m Jp*.6loLzr" ;*-g f f .*- ^ 6lLli ;, ,-irt- ) .Slr- omin )oausi;, 6
,g.rfe flO + (-- .doio Jomul*y. )l:i )r:i e+- f y csi;. ;...-- 6,tr..q-,1

*., - (o,,")(r0)(?)+ (o.-- g.')(?)3(70)
(o'- + o.;")(f)

: g.--t si ts^ c-*ra, .rrr5 o: L ; l r-.,,

c'- = I l.75o.in
:J-'ra

onu=210 y:2.059 MPa o-in=77.I y=0.168 MPa

.r,--rilF.9;L-:iorl*o-oonios:;,tjrts r-o.IrE+l-Up1'-::2,t:._i4.6JlSu"\<:j

itsti 1y:: ir-.1-, ts L)J C)-,. +\:i th.5.,-;: ...r; * " 
'(*lLi, ir:r -i.ra g-Ilrr

'j,t; t-

)Cqi!d-_lil ui ;c<5,r,K,".c.-t o-Li,--.Ic5la+,--,,!.l!"rq-r y-\tJK^:2r.y_1Jh,

';Lo)12':r*,-'l':'":,jJ;1.;;t':Y;ti-,t,r"!':';':'7;:
'I

al"--,ro1 *7i 2l o:211 ,5r\ '. S1r' ,j:3 .)>
10"

zhxdz=l-rrc\ae
Jo

,Jl 2r a,
Z= zs* Rcos0 dz=-Rsin0d0
h = R(cos d-cos 0e) x = 2R sin 0

".xlrrl*r's!.r
Y, w= qnnn Nr

d_l ,Sk-t ,r airrr f _ l1 J(i

,r.r" .r! t) otr-! i! Jf
f zo*l q do

u=_y I
Jzo+R



c'Yl.d s<il,<. AA

F161 = ,1--(r + R cos d)R(cos 0 - cos 0e)2Rr sin2 0

cSlJ.':-cs"r,lr,J:L-cr3-,1 ;[,tU3 l.:iS:r:;t;lr1V3,ti6t,t6aJ.:-,.1 6t*,1;011

: 0 ll; l-r6.in 11 .r-c $l *jr. 0 r- .!r,;. ulf .€rf orG-l,,rr 5, i -l -n:; )t\g u-tL-

6:!-1;y1:5u )ru e_\;:.-r*;!-..:,L+--j- rl-un +J,---.|06In rt,cl0 t j.f " rl,a|;0^u,
:r;;r, .,r1., l-.t O;,*t d0 3-, 2:

u -'t: [F(o) * F(d - ./o)]

c^J.4tr- r-lS.j-r*0,1 .,.5. i -r rj;;;:,J-L ,L; r1:3 Jl ,r.l 3*r rL[rrr _<1,, ll
DTII:d1,J:1.; ir; )t ,j;\- ) j\.SMOM u[,, -et;r .*t "-u-i t _ rv ,]S.;;, oi -?\f : *l ,
6;Jlf.l rrr.jSult ,Il:n , THMA:ds.o" ; THMI:06,,n ; TH:,j _. TIJ1:0:I.DTH .

.:-*t rjl.Jj:i j jU ,1 o:l:-_,.1 t" "r;

.y - c Ju. LL' {^_f f - lY Jr-

ilU"-JA,
.,:,--.1 ,ljl ** ,10 m .ri f .," &-::by.rrlr rlj -i;: "r-1; -*L*.r tSlostl: oi_ .(, .y _ A _ \

;.:* 107 jl (Cn ,;1, ;** ^^*:l..u.la, (-, 11 *1107 jl -J(-;jt n rn>rg j-J 
"i-q :tls cSs:)

.ltJS*A (r n rfi -L- rr ,L-; f f ;V l*$ jy .?/;J4V L c-_tr,rrr (: ! c-_l
:l.rrl L ana r-;lj .:;lr rli0.8 .;K? \,f s., r'4 ^ J.p )3 m g.f ,.rI!- '^-j- S..y - O _ y

.(,-01 r;11 G)).." ) ,f :-, Jt@rl i;r.q6 m J or;l .,lrl (3m e)et) ^;- p\ l-.t .-*t:0. ;ta - '-rt

1O REI'1 EX29 EXAIIPtE 2,9 MOI,IENT ON CIRCULAR GATE SEGMENI
200EFlNT I: DEF FNH (cC) = C1 r (C? + cC) * (CC - CsO) * (1! - Cc ^ 2)
30 REAo R, 20, 6Ar,t, B, H, lt: DATA .5,.65,9806,.5,5000,40
/.0 PRINT,' R, 20, 6Al,t, B, U, il=,,; R; ZO; GAl,r; B; U; Il
50 Mo|tf = I r iJ: c1 = 2r * GAri * R ^ 4: c2 = z0 / R: THl,u = 0!: THHA = 3.1416: I.1 = 0
50 ofl = 0l: SUN = O!: TH = .5 * (THHI + THMA): OTH = fH / il: CSo : COS(TH)
70 FoR t = 1 TO ll: TH1 : I r OTH: CS : COS(TH1): H = FtH(CS)
80 SUfl = SUB + .5 * DIH ' (Ol.l + f,l): OH: il: NExr I: pRINr I1; THtrA; THHr; SUH
90 IF SUI{ r tdU rlrtt THMA: rH ELSE THHI = TH

100 I'1 = l1 + 1: IF li > 16 THEX 120

1'10 GoTO 60

120 PRItIT " 0EprH=,'. : pRINT R r (1! - COS(TH));
130 PRINT " HollENT:,'. : pRINT MO{;
140 PRINT "THEIAO=''. .5 * (THr.il + THMA) r lBOl / 3.1116

R, 20, GAH, B, u, II = 0.5 0.65 9806 0.5 5OO0 40

DEPIH = 0.902 iloilENT = Z5OO TNEIAO = 113.61
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607(:n 51.2y(rn

gYL:", e.(dti-f 'f

!c.*lr-i:- 4^L2 j)

48 y (o tr 38.4 / (."J1 tr

pl.r5.5r (r n 5.00 m (r a 5.067rn (Cn 5.133 m (u n 10.133 m (-iJl I
jl ,F (6n c.-1 t\-:"s t,*:* f.- ;-,' (s n.:--l ,j&)t * ** fy (.JJl l,.,lL-:i f)".\ -6 -t
.' I J- ;5,- ; -;\u o-l-"u (r .: ;-r r1i-q S-,;: jt L- -<1; <rn-b; f , - .-' :! S j); -+z
,, ' ,-""L:t -:i-, -G :pu.ut 2.0 m-liJrL- 1L..;-. 1.0m -ri,I-rr:l---: dJt^iL.Y-O-O

!c--lrria ql-o r,,lJ 6);:.:;l: rl, !)i CL- )t ;C-\3.0 m cl- f.t." - |

pl.tS.a,r(rI 12try(:- 
-10.25ry(7J 

9try(l= 3tty(JJIA

!--r ;-ria ;t J- ;Sr, L dlL )L:i f ,' LV J+ .rr. ;r .Y - 0 - i

,.1-r5.aa (,o X 0.47 m (r tr 0..1.1 m (. n 0.42 m (u tr 0m(.jjl !

,r..ri -i, r r;l; .l.i rr;i -L- <r, rl r'L- 5 "<,, ** uit S,lJ,it!,$. :l- .!- 5 .Y - O -V
!

!.:*l ,-l;2 rtrt -L- )t tt:-t f ;, nl-ti.,: .th .:J- rLir;rl .c-l ;--L
3hl1 (tn 2 hl3 (: tl hnt-a't- n/5 \e a h/1 (--rl I

,;-L:- o2--;:.t-)! ! ;ui "l;i *!-.r;lrrr J; t, -T+ m;r4 m rL-lo,j[! r*ru Aat) -(,,.Y - O-A

!.:-l ,re- ;i ;:: .l J,o q,-rroa :-t\s cS:t rrL5..- '- t

"'lKar(r! 85.3y(rn oJy(-_' (:- 57 y (,: a 42.'7 y (-Jl I

,.r.trcil C*ts.1lg l.ir.,t'.5Un;t9" Y - 2

;t:t'r4: t, k-i;--! ljJ J c^-:j oL-(,- Lr-e; '; :lJ;"1 ,)J&_f ur>;- !,L- 6lt
u1l; :9 '.+ r" -, .:jJ !;: r,L-;-- -q-I,-.: rl-r:olo- -L-! -.r--.rjCq f-r ! J;lr;
J:-yo\ ! 1-.r:l-r"l jl 

'<,--,A rrt!Jr:i e;r'a-i34.t(i.r; {-,+ )tt' 6l-r:l-ul )r ":J?

&l!Jy3: gr; p,'l* !.rr'jl9r1 ,S-tlrt:*o,.1, d? ^- L-S s,-S yz f ! Sr-to

)=;a*J.-a,:,1 o (r-^iLi r jjl <La4-l.J L.t; j '*ri-[Jlr,<ri."iUUJL.i rJ L_r' | JJ 
'> 

J--

.)y,-/;i.- .:J-.e -* bd-f" ;l b .t-l--r-t'.-f" 
",:-!

p gj!--u.5)lJ 6Ji ,,r*l ^Ai
'c{L, Sft J. +- 5\ ,,3,or'. )jJ \S9rc \ c--\ f.\f .F *- 6_". :-:\J rS9,1 ,rir\ .A}

P **.<,_ T - A JS.j )'atoy;-l .:Lil ,Sl-r ._$'ry .FfojJy >\u\ r,. ,e^e -',S\o

.;---.1pdA .oLJla, :-tl: 6st ,? .r._6. -F :'l:6A d* oLJl.g_________________1.:l:.tL:l ! g-r-a-

lL *l :.1j.:-*,? J-l ?t d:'"



crYq{ sqL(-o

6F,: P 6,4 cos 0

,JL"dJ-p ;t 6$Jl$st !..- .L"r ;r- uit :l-r:"1 [ jLJl _, ,-r* strj^.-r.\ g,ji;, o.,

"("-:sl- 
i*r"r C!- S:: JY

,,= 
[opcosodA (Y_2_ \)

:sls 6-si '1.- ..- '.La-r )_F L:j-.-c 6loe-L- ,S-t:64 ry*j cos 064 545qy Jl-
t-ax t,rx j )t& 1-Lo 612\ ;:*" Ct- .st+LJl f k .r,l .:-*tp cos 0 dA ,,_yo: 4-1o..

8 t-r,-t' g:U :.,ya- *.tFr-r Jel> ,a;e ,s'l 6ss J.6* JS,,-J^ ,fS l-sd
6J) J oi y-r-:u :sls6s*U .-,-.1 ylx :l-r:"1, j:,;-.C;l ::ls,Ss:: &l .iJ'.

,P * 4q '-,1-r ssi u-l at' f - I A Jl:.i

&-,Ss-, t\ ;;- Ct- ta/;;*.. :l-ru,.l -,, jl d? ;.L- St:.x J )re iU i^La
.i-:si O \:sr! ls t--*! ::ls tssi : dC ,-r-a; t;|.:y-c Lry )_f t ,S ;t, Z,,La
oJ'a 9 6Js ? & t-* ltj ..rl -p ,c-rgt- .<,_,? :-tls tSst ,?l A'.
c;blr c- & *+.r, Ct_r & c51+Ut 1j-o: y _ \q eK-:;tt .t tt..>_l Jua
l-ax tt^. oltlrl\A erL," ;+f Ll1*;, Lr-r.r-t.:Lltc5!4 . ,.; ^ -;Jl;. ..,L)l.e
))JiL-f ttrJ\bi es:CL-ouf s, s S.t' €C ,n-,rl: c-r & S e$,-r F r,

-r-n Ct- &-,jt.b r:6it.r & c;UUl tst-: 1- tt uf<-

\.



1 I gYlair t|.(.tUdl .f

:c.*:i ili.r/.f""r.f jt:;6Ac !\:C ,tt gt-,-'LJt i6As *. !B;: Ct-,:LJl
6As cos 0a: -6Ac cos 0c = 64

ig-;l:,c*l ,JL-< ".ild,-l E) -,t;L:i <5.-:'|a,.-i q JE.c.*l uL.cos0rll-;
pSAs cos 0B + p lAscos 0c : 0

-F u. C;-: :;ly _jjl ,JJ'- ;r-l,iq .c-- I j:La Ct- 6t+LJl lk gl-r .lt! ;-l
,-u:!.r

SJ).' €-"---.i- --l-i -i"-t1 
"r.*:" 

gt-l ,:-;ls 6st 4t U? ;l E;'rt- ,Sl,t

c+;: 1-.J 1l .-u:**,t Ct- 6tit-' tf *. :;\i g1r dt".JJ" ;i '1-7t .'< f5 ;a- \ S)12"

tiG::*'.+ jl iL-<,- grr Jltl, Jl i*-:- 3: l-,-; ,:.*l *- l:-:y:;13 53.- oL-s

.--i.-L.t 
^:"f 

v - O j; ;, *J .i-. j U --t- t_ 4 J-,; )l:;'S - _|t- -*l-Li.-u:---a 
jl

9-- a .' J '-.1

.)-r-€

2m ,ti f y3,t:1;"L "iui;, of'^ ..'-.tx2l4+\,214+z2ls:t i.*(=;--. -i- lJrL-. .r - I ' JL:,

aL4:troKr: J3l r.j- 4 r, .5.q,-(, L) 2:1, j;=-. rr ,r:--"-g .:;l: ,l; ,t;i ,L- ,.,

;-, ; aU ltl ;,* s ui;il |txz'o;- -\t5l c-*:a, 1; ,-rio. .rl3 ,5-'t .su\ 6ll*!j* 1 :): 'l 3

!-r\ )!!

irl.r,la,.ri *- fr.,:- .t(nA)(2)(3) mz ,-,,;.:-L*. {.r, ,-rot-z'o;u,53;1, C.-.J-
Jil.r!.r-,r, ,t3 tt;i -L- ilz-(1/3:t)(2)m

l* 1t f,\
a = - lf t6tJ \r- dt = e5.42s m3;1e806 N/m3; = -s3'2 kN

*.1* 2 +b*

= (-3.617 m3X9806 N/m3): -35.4 kN

,F C3}.-at 
>113 4;3y g,U iiJj"

C*\ ii) r\i +- rsl: f\s -,*t 6.f-U i)e\ c-\ r,\r,. ;*, q!-... >-:\J Gir t't'.ll
C"+ e q It C- g$LJlf :;ly 6b;r; '? fG 6ba-cJj.. t'-L.7t"-t-;-1.-,LildlJ .r\l\

or; o:l: JL! ,J:Ser, jl bi t :y"c oSpdA SJt'? i Ct-,:LJl '5,- Y - Y " JKj;, 'g5
6s* fG nn? C-ttq.g-lo:b ,tl-j 0 a, ! oLJl ,, :-1..-c.:l.r.i : dU :1..r,:"1 ;- r,--9i1 .e-l

tlt s* & F y :-tls tSs-d fU U ? aa:i ;.: 1 ;'*l,pas06A )t *oLJlLa, :;lj

n = - f; erl('- *),



syry (<it<. 1l

of==- r

,,: I^p cos o dA

d;_la,.+r; L.(c-*l rljl Ct- jl .:ut ,LaGh) f=or,_r :l;l:yh,r*-;i Jr[_p ,Sl+t
:c-:1.: ^-.,rly; (,- ,.1 jjl 'o^o- 6j;64 1-r.-: cos06A

' o=y[ dr' (y_r_y)F,=yJohcos0d,. ,Jr-.

:F "S: I J*-l- r-*- F_cos 06A ZtcG sh elicrty.- tgtdt-;_t -*_d T ;i y 
^S

,f-ttlu";*,i.1 SrSJtSsl L.r;t:;tj &,rLJf 6, iG
F": yY ' (Y_r_f)

;: ." tAB p {:-j.,CL r _ y \ ,|(.j;, >[:-. .-uU & r-, gL c_t;(_
r ply IJ-,G+ trr-s J\i rtjl Ct- 6,ty rf c_r-:L p-J* O rrt-6t4!;;r ;ti-! Jr .t; a_t

ttt :\i +- ! ,.-b g dtr iLu r era, o)1 !,/Lev 6s;_b+,r5r; o ,s)!
-JF -U o;3 U c.* | )t e!-. :;ls cSst fU U? r:.f ;_t;: .rJ;U r!_.; ,Ji;r ;1.;;
JL+ 

"-u 
e-p oj-r -r,-! J!+ ,r;i Cl- ;"*- ,, .,[i Ct- b r.2t:.21j Ct- ,gyt.,: rf

-tVi g)-r <>2 j.a;'l r".c;: c-r;L gL-<,- r;l: oL; ;-;- C! q 6 e-U e_t-* b)s l.
,C-L-;l4Li,^ )r (..'*:4 ql Ss-tt,-Jl- -U ,trJ et|._r,-i;rr L-,r 3t- ur,
l*l F-J<,- JJI; Gs* ,-r -:l.r 6trr;J3. c.a; Ll ,.- .l ,jL*<_ ui.ro-t" j yL;:;L;i
;:..'-..1 )!t _r, fUA? ce c.*.tJtr,rr.r." g\ s:,Ct rf 6r:ly_r,.r_t,1e

.l-r

(Y 9 Y\
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,i:r.lr rJpJ rilJ rlji * t s! ,-r- "1^:- C+ 6s: g-V c.*l ;K-* c:;ly ui-,
.r 5JL J rJi, JL; -L 5 .r,-L :t;i t.-t- .=",i.91 t ,st-t' .,-l ,:.-Li!J\J-!_-

)-,v-:S *L- )-*-" -<: J-*- \-._.- .:q ;G U"r" ) ;V A:* jl b _.=*, Jl:
(Y-Y. K-:).,- SO,rl-tso-. -<' L.a:n)."-,lj rlr Jt-itSs;)JV:Sq.-i.5- a - Q 'r J,J.

lar r lr

F,i:yf xdv
JV

:6t-tlu. c*rcJ :--lF,=yy <(i-lo, r-; ! Ji-.:* | O )l:i;l b il-G t;i;r.f

_ lii=TJ,xdt'
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I
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I
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:51 Jt(Ll lly-: j*la-l r*.:1lrr, ^*t, 11dlr:-l .ij-lo.f1-y-f f ,15;rr.y- \ \ JU,
tc.-l ;-tr- .2ly-:u :.211 Asi (:.!_.,J] *,. l2 +il ;-l .JrJ (JJl nlt-l J* 1 m 6rrra, .;rr-g

r-! rtl:r oi tl orrll 6:;: t'S ll'J.'J3, U ^:tg-t.rj: {! ,'*t[i :l.ut .t: \ts'; JrL- .51; (UJf .;.
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6lcl-..i1 iU f - Yf Jli'i

:L o*t 7l1AB a, o>211 gili 6.er.,.:;SgA ;tCD 6t,,JL; ,Ui C!- ^S+S.-;
/ -J\Fos \;-7-)r=-(4-n)"1

:L c,-l yl7 l'Jlt-l J* J>11't;1 ;rt_lrt\

F ,r-* F ou = (3r + 4)7 = 0.132 MN

66nA'-/ .CD n' :.211 uttl S:r 6Q.ABC e, :215 ull 6)/-" \,- .l ,,.1y zl.-:1 :.119 4;17-. (l
.,- | p dU ;*j., "|1LBCD 

tt* tt-) ,t:Su, u::; l, ,i4 CD )BC u. >sl j ,5\t1; A6l
,Ji e* f / )' )V! ,2 mz ,trAB y ezi c.>la oi:lq o+r ! .-lL.f j\.ln C!- b |)-r

:p.-rl: ,c-l 9806 Pa

FH=FHp:2r=19.6kX

d ? "' 
J !- ;'" 

::';i' i:2J";,:i;),;:i:5' ff :,
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2pr 6rL;i ,SJ-; ,s*lU?.^=l.t,_f al^tT2 sTt \:.*jl 
"r:-t, 

-t )! -', ! Jp t-lj
.rrSg *- .n ;Wi S ujl-o:r -,-1.--* 

lii Fl, Lt*: r s tJ-) ;S.u ;' -,kip . - I

t-alr;Tr=7, J-sf .li r, .; 5.J j f -x-,, l-, -,S f -x bl-y'l c.*,U :U-; tW -Sl

i- ,l: r: u

(Y-2-0)T=pr
l-rJ .--a:,-r, sL;i e r \ l j itlt- c^"l^i .c-*.1 aJrJ Jp t-li J. 

"r-i;S 
6J-tT,Jl ;: a5

:! .'-".1 -tl-t l-l irl-t-;: o:-S p

Tpro=7:7 (\ -? -7)

.-J l) y .* ,L:.i 5- l* ;- L .-u:L :L i .J J .J)! b j*-L, jl jL-:; tfl--;"- Jlur- ' / r e r 
g-rl, 6t":-t tJ:l- 1:e, :Jt- 

"-t 
-,r ''f

T1+ T2: 2Pr 2rT1- 2,ry = 0

. s:i €uu? 11 .r,lo:l: :t; *- Jl,. ldJ-;-t" .J Jr l, t^-:; rJbscl-rr lJ:Lr r:
:g;Si,/ i.*)dJ .:!:1- rl- 1l .c'" I ol) )ii -o 6;\;i

Tt= pl Tr: p(Zr- y)

)U- .r;-5 *.c-*16 mm ei lrt-r- *\i; 1100 mm ,Jrljj :J, 4 .rf;t, rtt .Y - \ Y JU,

f rjL r;li.r" -,Jot -'fi ,51-t- .c.-l 70 MPa

. :g--;rr (Y -9 -?l4)\* )t,y

p=T =!qq##@ =42MPa

i\ti;e'i- q lr.r5.:;l: rli LrFlr;L:i c--; S u-A -ts -ttl-t;5:U )tz 6Jf {-r,

S:-* .€e Ft J!- oj;;l'f's,r g-r !'f"* ',!i 1f5t-"':r5-i c'*j 3:e'
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