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a. A 7-- / /_A ~!I)_i;Q fC:!f:tfi':: /:11{;\ft!:l.i'L (SCC) 

·,;:\· Jti flnL~ -Rt: J--:EititI 
pH cCc [ r.1/s 1 

"" 2.6 7 

60 !.7 7.5-----8.5 

60 2.8 !l.R.--.....:2.2 

40 !.5 I LS-----;2.2 

40 LS 6-..,7 

40 !.7 6~7 

ti#~ ftt?:i~) JM ft''iill:f L (SC.'<:) o_; ~ i=: :.:. :.:t, f9:!J+J rn.lt 2::: IM 1l:::f:'A-{ :-r- ~/~_!J-rj~ 10- l=J- -;J- z, ~ 
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~::ir~~l 100 t: t \,\ •'") t::... {Mt,'; J: < J+l \,\ t_),J-t •:::- :.:;-_; f)' {~J+l i.ful.21 60"('' j-,\;!;_{~-t-0--{ ::-r- /j'~_,'.:3.'. 
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(2) v t:"" ::i -.-,if)~1J:1.fl· ::::: ;·J:, v t:-- -1 -t'.l) :~"f ~ J-: t_t _.._) -c v, -"':-; ~:J:2t • ~¥~~1td'L= ~_ii-y 6 #fl 
F9 tr---11'.: J.;:---:J- 0 ~ ~--2;- (!; .:;:,, = ']_) v !:::" _-_i_ ,_ U);j',li*U)~-L&¥. & -c_.:<,f::'..~f-t $·!}-;ttt;> ihtL ::f-t (!") ~-c_; 

7_ 2. s ~at· !*IS'.£;/)~~1~ 
(1) ~;t~I- · ::tl-"5C!J•;.:_:iu)-_rr/ !--::/'·/ l-}J~, ~_;t~i · ~~-)E.---.__(r)-{ :..-----;r':,1 1----c·'J-7:..(;ii1--c1'0~:R 

-=J+rrr ~if.ti/:.:: L -c :- '0 .:.. r ~*'j__::~.:::. -r 5;>·..::11:;-;::::, 3t lilii 0 ;:1-1 /::. ~.-: _J::; \J t.:::. (7, 3. 1 ¥:~) T.J::ii;E ±­
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VJ -J -t-:_, tk~ -,r ~ --¥rfI 1.-S t!J ;:), 

a) iQqw.::, -Ffl!!'l:. ~;'~-t7.~':%.-cf~;i:{rffic)1.;l.;~B::..::.;-!.;-1i-0?<-;.k.:;t:Jl'! 

h) ~ w_ if) J~,f&;'-J_t_~fm~~-i-=~ -;J Q ~:it -*Tfl 
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8. 2. l -~+ }J'iz:':±:~1 )j~!JX 

~fi~i i' 11n'i ~---< *:;·_I / :- :./ _/!, 7-- _}_,, (!)tJX.§IJ: ,y 2;-tf :J..::~~}~ i>L (.'){}jlj/t(.')~-----:; !-: L -c, ;J-t. 7-1:! 
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E. qr·;¥;·J!j·f;l,;~_,·(D-±;:J* (R~JJ EL ~l'f~.f'f1l-1-=:-<l".:;:~ 0 
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it.Jo, R !FJJit:tJ~if:.~·~ 3.!11'1-'-;;:::-!·llio)l#-2; l:t. ffi1+·h'!+:f]1:- 36 :E'.ffr>". 

O.f'",l\IIP a -gag2l-1~Yflf;]:::::-J?)~ 



J.z 39- 3 - 2 

it~"f:it &')t£f\3 )i ~J l-l2. {{i'i~ w- ; f"'- c:::. -_t- ;;i ' 

XiJ: 
.fk1-t1\ -c~::'~ t: 
~1- ~' .J~' IT 1r ;c, ( 
u~ t',;~ 7s t=- j~ ,i-i'i; ---c­
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:~ < .l 2 if,f:I 

(2) 4S~~·Gm~* tB•~~*&u~~~**~ 
~:i<<) 1 ~7:1 
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§2.l;f -:i::-v ~,, \, 1:1{1;<t'1;if.g·;!<: ;r~ 1 *Y 1i .J.:: (J:, ~ .:,....- -::f 1 ir' )~ t.li~_Jl'-:::::: z.~fct# t/ cr:(:::::;;c 

ill 2 -1 126 



J< 40- 2 

- . 5 Z:-;l? 

l . ~~''f i:rJ'fili--Z: ,f,_,ZJ ,-z-$ *fl~t>-'.f--;/ v './ / 3 :;.,,-~,, -_;:., ~ ;f<fBj'[,:'.::-J- ~t-¥fl~-t. ·ij--/" !.,,. -::: 
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2. !PJJti--8JiJE-C:.'"i~ ~ .---.;:2: fftJ-t-'.1;1 ··~·7-.. -_7· V -{ *· ffi:l-·-j_iJ.k;f;/7.. G"rbJ_l-t-=fJ '·L' A 7' //,if~\:::. 
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----_)L ,-c ~tifF Pff:i~-c ,\', 0::.. 2::: 1:-.:g;I_!f_A-'.J+f&1-.:.J:. vi ;rr~-1- ~~ ;-J::"(:::. i @J 
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--c. :s-i:1-:::?:"l.1i:il~'.l#<i1.tn;r::ii~ ·11 1 c-;tc1):,.:¥rn:q.--~ilf,;_;J:.(f)m111>n.t:-JT.:3 
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7;; ~ 

( 2 ~ ' 1J jQ-:fi :t, Ji: ~f$ ll: 1_:¥;.: Cl)@ +:h '-~f-h~;: ;:;]f +~;i ;:);~)f;~Hl /fj~:J¥ U J _i:~ ;'.:~ -f:~);jj'- C: 1£~;) 
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A {:ti~ W~40Z!c::~:;?,1JI' ff 7, ~A'ilifi?l* (iiluJ, ffi~fb, ~) 

A f{.:Wf3#2'f"klill:T.IM--f,:;;. -=-,-· :..---- v _'._,_, !!1:l~C-1f 

ill2172 



No. 

b 

m•~rowR~·~~~•#M~fiff~r~~~J. A$•M~~ rm 
'~rtl!~~- J-1:l~1fi11Jm_.i:e K:tt~feJiJ~ .JS\'IE S \Ji\1-2008_ x'..(~J~!J< T-1:l1Zf' • 

f¥i:.'Fieti=f ,·: ~ X. ;;:-- -~~!-ti mt+ JJ f;i:frE f=-:t.; :- J 06.'izffl ~ i7 ! ~_Ji :::. -1-;:5 ;;~ 7c_­

cr;fili O"> J::ilfc1IJ;'ljij'..t~ :.:::. ~' ~ >. -c (IJ-·J;l1t) J { 'l;-r.!<. 21 T '. 2 J-J 2Fi U ft :t '1-':,r.x-, 21 • 

II·lS .1\'l:l?Ji:~ l ~) 1._:_~.---5< .'i'?)'~~-~,lj(li---:_l-~c ."'3-t~. ,~~ffB,j_-,~f:!f:-&L;;_1\IT!fJ-

5qG;~i-~; J; Wi ft'i!Hi1-~-q..-_ :=. ~-;--- /51Z-<---" &~f,{.iiJf ':'IC<J)_ry!.:__-*:J<f;+ ~-; t-1.1:= ;::J;}-ff­
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±,: g-1t~ .. 1tI;; 1-;m: .f2'm' 1-=:-r- 0, 
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~!f,JM p >J :r--_f;l---

~-u:m P l\ --:r- ~1·,1.--v-;ffJ>t.tf4:v}~~*~t#t'+_ fJJ:; T 1--=- ~-: 0 \ --:: ~J:, Ro -ry-:1;;11/) i~ 
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1. 'i:!iIDtIDt!lllo:·mil'15lll't"' J: V'Plft!l!'t 

1.1 ;}'.//' 

1.1.1 ·m m~~tPB:** /7:Jo J:: v#Jt J¥ f,>J~t?i±?t<* /7 

(1) iit~{'t 

;!l';Jfl~tl·W?'±Jk# Y7;B J:: tJ't#f:',lj;)fli@Jil:l;Pft;:i<# /'7t:: ~'.r •-Ct'±~ T~ :..-":/;::i.. 

-=.:-1 J-.;i·, 7y,,-~t~T0 I-·7 /·'7f:::m~--t-5=-~1=:.J:: VJiit~t1~rP:JJ:.;'::_;1:t3 

1: 1: U::. i'Jv H'l'-C:J!l;E-j- -5:: 1: -C, "5Joi~Jlcjjl' '2'.ill':: -C'' Oo "- r,'2'.i1f :lo 

*--· iilHMtta::i~iali C L -c, ~-,.v 1-- O">~!l'it>it~ ~ ;tt,0 =-- !::_, ;f3,;: z:.t 1-- 7 Y '.7 ti~ 

~t©J Lfj'."\, \-=:. ~ OJ~~'lrT ~ tc.,, i.t:t3, l;;!l±t!l!llJJ Ss f;::_:tJ-T 0 ii.Jl¥.JJWf,'f :Z.IT? 

:: 1: t<[E!i!!'-C ,!;, o:: 2 ;j• G, ilft"'i\!ttt::i<J!t!ll>f _bJ)[ij~ B 'J 7 /'. ~1'i!l::i!i/ll 2' 

*' 0ili'fflllil!!tfl1.: J:: 0 lfiilli "''i' 0 t~, 

a. ;}'.;i.- c 0)5!Jllti1'1lli 

!W 'f-;iJ Ji'l lii'!iiillUJtITT-l!i jfj!;J!ll'.(JEAC4-001-2-0o8)0)ij\i!" # > 7' "'~[ft' Wiili 7'i 
$:(::.~~G--C~{iffi~fi<0t=-~*' ;;f-;V I-- ?:;~ll'.;O~pt{!f; ~ft,{):::_ C ~lit~ l_.,f;:_" 

t;::tc, ~~Eis 17 7 ~IDt-M!t=-~~ 2: .n 0 Mi-i:it:r&f.!iJJ~.:M L -ct.. T.J1_, i--- o::ismoc 
ii'>ilif*~i"L~;::. ~ ;:rTil~ Lt:: (~-l ~~_)" 

'~ 
w~~ B (7 7 ;zi!£tiij(::Jiiffl 2: mit~ s !' 7 .A~{ilill::~J'tl :2:.h 
'1. 0\!il>a'Jllili!'n1.: J: 0 "iilli 011<a'Jll!!"' n 1.: J: :5 o1'1iiii 

~ " wn:: n n-~Jt/J '11-tliMS tJ 'f'ii /;(; 1J 
[MPa] [MPa] [MPa] [MPa] 

'31 *Z1J i-'FJfl L f,:;' l l-58 5 190 

'lJ.' Iv liif /;(; ;!:J 3: l22 5 146 



b. I· 7 ~· / "'°"il'lo'l'illi 

L j.[_ffi.~ L-CV•-935Wfr;:f-1v t-J:: tJ~:k51~JZJJti;t;,tPQ 
!Ht* /C f :l' -C 0) iei;i; (. mm) 

m ~~O)~ilJJ;;~~-.I;: (. l;,:g) 

g lih1J!liiIOC (9.80665 m/s2} 

h l\'if1iID;b'G•·c· ot -CO::lell!! • mm) 
1v1p # /' 7@~ (-= J:: 91i!J < .;c- - _:! / l--* liHll if';v H= Mp/;tf)'lfl Lfj'.c> 
11 :W>L• 1:: £~;.t;';V }- r~0)7,~"jZ_17fP]!ij!~i • mm) 

ru 5 ', ll!J:J •nl¥1fl T o!ijlgof';v "ooi'l'llli*"" :)l 
n liilVf ;C i-C) +iiic ti 
Ab £lt$A· f o:J"1!l:tliiID!l! I-mm') 
Ctt 7.k¥1lrRli'iITT~rt 

( 
imtiit B 7 7 .::>:R.PliH;:_i@i.ffi 2::tL.O)Jq:ilBli: : 0.36 (l.8Ci) j 
iHJit s P 7 7iiltiiftil=iilll 3.ttoJ;a,.ilC, o.72 (3.6Cil ) 

Cv jib·i1[:;51ii];Jttt~ile 

(
ili!RB p 77iiltlilH=llilll"'J'Lo!Jait::lt' - J 
ii!l!i SP 7 7i\tfi!il=ii!'!Jll 3JVC>!Jai;l;JlE: 0.29 

Cp $>7"!11CtiJfCC.!: o"'ilt (-

:T.Y7°.::i-==.::; 'f-., :f3J:vt-t:-tL:;tti*1:L--C:.r•Q t-7::,:7t:.--::ii'-C, itl!~!.:J:: 

o~-1>"~•••=.!:o~-~>~~-WL. ~hGKft.To~~-c& 

fllJ'1'i:l!Krr-o tc, # >7"= ~ c' f<f.l J: O' I· 7 ·y !' ,i;~~1"1T o O)li:. J1!!l<lc J: 
9 .:f-- _;< / 1' > 8 .mt:= J:. 6 T- ;>< / }-. 2:: f.t: Q~ii'-C'3i:; ,;'; 7.J~, ii.ta; B / 7 7~ 

!i!il=illi.'l 6 :ti<:> o1'"'1J1!!:!ittJlc J: o '1'tlli0>$!i*. ±1':!'Uc J: 6-E- ~ / f < El• 
t=- J:: c.::e- ,;o: ::-.-- r- !:: tsc,:. .!:'.: t•G, #:-,7.::i.=. ~"' r :nJ: "[Ji: t 7 -Y P iJ~~-fEll L 

f.t: i..':.:. t ~~~:..,, t:.~ 1.t:td, _!fit~ s -7 7 ::z~,OM ;;:Ji!Jfl 2 %L0tic!¥J±rugt.J1.::;tt 
L.--:: 1-_:;., 1-- 7 / :7 n>~l!J Lf;i; \ = .!:: ~mffil', L tc<> 

2 



• ""1ll1'¥!illi 
±ili1i,i::J::D"E--;t / ~: M1 =WXgxcHxh 

11'lJri,:_J::.9"'.:--_;{ :..-- f.: M1=W>-gxC 

Ctt JkIT!Jli'iJIDtfit~& 

( 
~l!i B:? :<~iiiH~;l!illl t;.tLo1m'l:oc '. 0.3~ (L8Ci)J 
,mtl!i s / 7 "·"'lillk;l!i!ll t;.tLoimiE!l!'. 0.7- (3.6Ci) 

w tt<~lllJi 

g lli: :!] "'it!ll' 
h tlliMiiiili'GlllA.'*cOJl'§!illl -mm) 
£ °"illJY';':;:i>,Gl*~!f;:-''..-* '('O)i!ji<i[ -mm) 

M, -M, ~(wgCHh)-(wge)~wg(cHh-R) 
cH ~0.300!;1>.g.: (cwh-e)~-
cH ~0.720)ii\'lr&: (c"h-e)~-

1.1.2 ~~;Jz5'/7!1'!>"1'£ok#/7 

(1j li! .. tl 
~Jk?t / :7 WdPB:.71<.~:./7~ii:, -mm~1i:i'Fl'±,*lt?/7" ~ !PJWO);\'R~ \;f-Y7 

~ ~ ')' r:a-- r. 7 -yYt=-~$tL, ::G;;_,, t-~--c'~/E) -c-~o= .,!:: n~I?, wf~fi:~:'"-0 

v ,, b IP!lllHclHlli ~iT0 to, 1.,:;o, l!i'!'±ll~li!J s, r~.ttT oli!J"'1M'l!f ~iT? ::. c 
j>tflil-C.:b 0::. .!:: n~ G' ffiltti~~t•Jtttl'ii+ J:O)iffS B :,'7 7 _7. ~1'l~:@m 2: :h0 

ti'Jt.'J~tt.1J [:= J::. D ~fiffiR1T.-::: tc" 

a. *Ji.-· f. O)~mOC~iiffi 

&ffl~~'.t;?ff_*#/7 C !P'Jl*O)-¥$!'.:::f,-JV t- O)W1iffi~1T-::if;:_~-*- ;f-;V l-

0)5tli)~ft.i~titf* 2: tJ,0::. ~ ~$~Lt~" t&:;t-3, iit:ffi S 7 7 A~{i1ff ,;:jjjJfl 2: :fl,;;) 

ilt>9'Jlill11fJ ICJol L c b. o)(;v ~ O:>l!!il!'!>'iill' E h::O::. c ~ii'11 L to i'ii:-2 $ 

mm:B :7 7 .::z.~-Oiin-:::jjjffl 2: ,mjJll'l 8 /7 7 Zi)tfl!!C:"1ffi t;t1, 

~"' 
t'c::O IWll'!lill~n 10 Jc .5 iHffi o li!>i\'Jlilli!tti i~ Jc ::o "1'filli 
., tlJl'l; fJ ot 1l'"' n Jf t:l:Li:t7J ~r;eLG n 

[MPa] [MPa] [MPa] [MPa] 

515JH&1J 1t-m L-to?t. ... l5B 6 190 

1 -1tNWTJ01J 3 l22 5 146 
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_cj 

b. I- 7 ;'i 7 °'"'ll''"'"" 

L y,/?, ~ L c I' {',Ji'i!l'i(;i-' I- J: ~ "'*31 olt<t:J;t,: 
n~n~~ £-fit;t{;v }- ~ -z;·O)Ji!€~ (.mm) 

m t.\!.:ll>O)il!'oi•"llfli • kg) 
g :mfJ_fJGi!!l. (9.a0665 mJs'l) 

h l!Sicfiilil"o J!i>[,' :< -r.'O)jiji~ (.mm) 
l\1p ~/7"@].ti;~.:_J:: !) {i!J< "E--;! / t' 

*~~*';v t- l.:. MP 1-:ifi:'Jtl L.fJ:-v" 
11 li:,[,,~~fit;t{/Y !--fm0)7~\:'lfLjJjiaj~mt (.mm) 
tlf 51ll'1JO)f'f'l'IJ~ o £!illii(J1' J- <i>l'fliffi'i'Jli( ct 
n liH.IM~;i.. I· •J)+:t.z (I) 
An £.M§:¥.1v ]-.. O)il'-Jlt!tfi-ffilfJ ( .. mm2) 

Ctt ;;}(:!F-hrPJ~tt~~ 

(~~ B 7 7 A~tiffli:.}ijJ§ 6;h,QJ.mJfil,~ : 0.36 {. l.8Ci)) 
Wf~ S / 7 7 ii'J'il!Hccii!Jll io n.CJilli:i!lr : 0. 72 (3.6Ci) 

CV t'd!Kh!Plfill:f:it~t1r 

[
litlli' B / 7 7i\'J'iliiiOil!i!!l ionotJDif!lr: - J 
lil!!t S / 7 7 ii'J'tl!Ho iii Ill <" :i"c o IIDif Jl!' : 0.29 

Cp i( > 71!ZtiJIO J: o l!i:llt -

:%.ft.l~i'i:!PfflKIF/7 l:'. fRJ~i.::. iilf1~ B 7 7 7~{ii:.@ffl 2;;h,0ff.3<]f{3~ 

*11=-l:.-5 ~fflffi~ff-::. t=--~*- .it!!~t-=- J:: 0 ~-.~ : .. .--- r < § 111.1:. J:: ~ .:c- _.,! :.-- r­
,!:: t-t ~:. t n~ s. ~7.k. >' Y:? 00.~/7©7f. ::..-·7.::i.= -y r-:to J:: u: ~ 7 /':? ti~llii 

I 
1w~~ >11:..-;f.i:::. . - ----------

• l--7:;,;> 
• 
• ~·-
' 

Ii~"!(§."/ ' I 

Ctt 1k.W.hrPJ~~t!J:ft 

[
iili!' B 7 7 7 ii'J',,.1-Cii!l'll <" no!JD'"ilr. 0.36 (l.8Ci)) 

i!il~ s :7 7 7 ii'J'tl'iOilli!!l <" n otJCif.rlt: 0.72 (3.6C;) 
w ~~m~ 
g 1!ihJJ:Ji.3li'. 
h i!':Nilii!l'G il!•L•:l" -eoo)ialj!t (-mm) 
Q '21l'J't'.:."'il ·Co tl\ll:!lli°•c·:l'. C:<i>i€ill1 (-mm) 



• iE@liWiilli 
±{l!f)i{,::J: Q-t-;-! / }- : M1 = \VXgxCHxh 

§ ]'!\.:= J:: 6 "£:-;{ / ~ : M1 =Wxgx[ 

M, -M, ~(wgCHh}-(Wgt)~wg(CHh-e) 
c" ~o.360~1';-: (c"h-t)~ 
c" ~0.72(1)~i;-: (C"h-e)~-

1.1.3 7-E:"YJii>lr"JjplJ';foJ'/7 

(1) jij~M'_ 

7-t:'Ylil§cr"Jjpj±;l<°"/Yf:l:, li<!!l:ncA· HcJo ~ 7-t"Ylii'!1 J ... O)fi'ili] 

lcti!i!Ji' ,,,;h.-CC 'o:: 2 "'""'" :t, liJj~J'EO)Offillj 2 L -c' * ll- "O)~"'"'lttll 2' 

;h.0:: I: O)i\flil!i&ff0 tc. t~:l3 .. "'l"llli!<ll'J Ss 1.::-tti"o!l!J!'Jll'l!lf&ft 5:: I: 7l' 

!E$-C.b6.:. .'.:'. ?J•!?, it~~tt~Em"'@t J:0iit~ B :7 7 A~Uil.:=iiiJfl 2:h0fit 

lfllll~ :IJ 1.:: J: ·'5 iWlili &'rr-o tc .. 

a. ;f:;V ~ l])i]f.Jim'.~~ill] 

%11!\ 

lF-1 

lf-2/3 

*'.ffl~i51Pt±-;1<#// .~ !jjj~0-=F~l?::¥11--1' O)if1i!li~IT0f::_~*· ;f-;v 1--

0)5!iil!'7l'ltill2'.tLo:: 2 &litlll!. Ltc. t;:l3. lit._ s P 7 7i\ltillil.::®Jll 2'no 

fH1-~J!I!1~JJl=-M L -Ct:.~ :;¥;1- '.-. O)!Mi.!'t.t~1it1*- '2; ;t1,Q :=. ~ :&-1it~ Lt:::.. (-j(-3 ~ 

lit~ B / 7 -7.ID!'{iltilC.:iii/tl ~ iit:l!t s P 7 ;zi(~ilii lcil<IJll 2' 

.i:tfJ:7.t#i 
~,!, ~S"Jt&•-JJ::. J:: Q~f{ffJ h-5:li<!'Jlll'.Olt:IJ1.:: J: ~»'l'iilli 

)ll:f:PZ/J l'f jl: .'1; :IJ "tllJ;i; :iJ ~q:~r,t;_}J 

[MPa] [MP a] [MPa] [MPa] 

51 ;!Ht :iJ fF .ffl L- ft: l;' 158 2 190 

-tt hAl>i r<:: JJ 2 12.2 3 146 

51 lJ<J,i;JJ ' 11=: ffl L- ft: 1; "\ 180 3 207 

I -tt A.-ltlf (<:: JJ 3 139 4 159 
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L 3(R,, !'. L --c1.i~ 0~W;f;lV 1' J:: l) ~::k515iJ0/JJJ~iP7.i>Q 

~~;T:JV 1-- "i: C'O)il!M (1 %l~. mm .. 2/3 %tit 
.mm) 

m il!tl!il;J)m!.ii'if!l!Sc (11}#1,.kg, 2/3%lm.kg) 
g l!UJ~U°"!lr (9.80665 mis') 
h !l'litifil;J• G lltL• :!'. -z';J):l!i~l (1 %!!.I. mm, 2/3 %il!t 

.mm) 

MP ~/7@J~t= J:: l<J {lfy< T-~ Y t-. 
~~£.Q!#:JV }- }= Mp fj.:fFffl (.,fJ. I,' 

h li•L' !'. 1'£!!!*/Y I- r.ie>7J<'!':lifi\;l'fiill! (1 %lll!. mm, 
2/3 ~t;l-mm) 

nr 51'l<1Je>f)'J!l-t0£!!!*;~ ""'if!illi;1'!1i< (l 'l-JJ!!l;;o, 
213 %m.l*l 

n £!l!*''" 1' "'*"" (11213 -l}ll'I, l*l 
Ab £iiil;f>-'v r. O)~lt'fifiltl {l/2/3~m1111 mm2) 

Ctt 7k4l:1JrPl$t!lt~!i' 

( 
illi1't B 7 7 "''!l'.fi!ilcil!iJ!l "h0JJDiilillt , 0.36 ( l.8Ci)J 
mft~ s -7 7 ..:zIDt1i11=-liim ~n~JJ11Jaut : 0.12 (3.6Ci} 

C=v Vciil[hft!]~~t~lt 

[
illi!!!' B 7 7.Aiit{li;lcil!i!!l i"rc0~Difil!li'., - J 
illi!!l s 7 7 7-i\tili!=illm 2'tt01mifil:it , o.29 

Cp ~Y7!ill!lllicJ: ::O.!!UlE (l!!!!!!l 



1. 1.4 CST jp tt;t; '1{ :r7 

(1) ilftli'lt 
CST ;pft,Jol~/71±. 1'i1Mc;v '1= J: ~ 3' ~ e· /li!l'c l llli"'l"leilii l=l"liE2' n 

·n' 3 "' /'. 'Pi'I;" .-t' oll'!;l't "''~iiffi 2 L"C "'Jv HDll!!Jl';J\ Pll.11i\"' h'5 = "' 0) 

~f-fiffi;y1-T :i" f-t.-f3, il'I1'±a-s _'l 7 Am~ 0)~~191.::.*YJ t::.tL"51l~tlf®¥1iffi i-fi? .:. ~ 

bl~l$-C;!;, 3 -C i: ;D•G. ilil!i!!i&iIT1iBltli'oLl:O:>i'it!i!! B 7 7 "1'!l:liiH=illJll i" ii. 3 

wi>o,.i11!1!'i ti•= J: <>:Willi 'Pn -; 0 

a. * h 1' 0) 'l!iilll'lfilli 

ij-jjl! 

lF-

1/2/3 

~Jfl ~75':Ji~;;i(:;f. /'7 2:: fl'i]fitifJf$<3";of.' JV i-- J)~f f,lf ~ff-? Kfili-*, ~ 11.' }--

0')5!i,0Cti'll'lt~ ;2'.h,.Q =. ~ ~Mt~ L-f:::. 0 l,t;t-3, jjj_ij~ S './ 7 :Z~-(q{.:_jjjffl ~:fl--5 

~!¥J.t1!!~h ~~Mt,<: t, ;r,·,v r C0~~ti;'1* ~r .... ~ -:. ~ ;y{lt~'!?- Gt::., C*-4 'ff.f­

!!!ll o 

it:~ BY 7 A~fiiii!:.)iiffl~ jjjJll! S 7 7 7 <'J'fliifCjjj!JlJ i" 

(c;;i:Jc$l-l;l! 
ti. c ii'il'JlllJ!!<:JJ 1= J: c oHili n"' "'""±llil!'tJ 1= J: <> '1illi 

-;;: iii ;1; ;fJ I if"" R; :IJ '.jitl:i~JJ ff~~jJ 
[MPa] j [MPa] [MPa] [MPa] 

ijJ ~(<,;;i:J t'Fffl l__,t,t;,.• ! 180 2 207 

-lie iv il:lf (<,; :IJ 31 139 4 159 
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L :R.i?.: !'. L -Ct-'-'.!> ~~:;t:;;> r- J:: 1'J ~::k51 *J"i::JJ i.Jl;)•tl• ,:$ 
£m*·;;.... 1' i; \:'O).!BA€ (1/2/3 %J~·nlnt) 

m ~M:J:!~,£S~J!i:it (1/2/3 %f.~·kg) 
g lli::tltaii.!l!' f9.80B65 mfs2J 
h tli!i{foon·~l!l,l};i:-Co):m~l (l/2i3 ~m•mm} 
MP #::...--7@.lfi:iCJ: 1'.,i/i!J< ~-7 / r-

Y.-:EJ5:~7Jf;v r-;;: MP ;J:fFJtl L ii:\t-, 
h llt•L· /'. l!:lil!#ii,, 1- li!Jo:o)( '!' E o\JIE~l 

( 112i3 %f>l\ • mm) 
nr 51 ji<:l:Jo:i{·cJ!l-T Q li'1,Ji\;t';v c 1)of1iffiot:'li< 

(li2/3 %til I:*; 
n "!;l>,Y,1v 0 ,J);+j& (1/213 %iJ!! l*J 
Ab ~Ji1ti;¥_1Vl--JJ~~ifilll {1/2/3%:f_\ ... mm2) 

Ctt *¥1'r'Jlltllt!!ilt 

( ii'!~ B 7 7 A i\ltliii!c®Jll <" "'"" bai1":;3' :-0.36 (1.8Ci) 'J 
m~s 77;::.~1.m1:~@ffl6ti01J~~/3t: 0.12 (J.6Ci) 

Cv ~Sll[hT<'iJ~~~t~tt _ 

(
ilff>IB 7771l~ii!:c>Ull!':i"0'5~D"1;!l!': - 'J 
iliil .. s ·) 7 :<Oltillii~iiiilll 2':fc.91'1lil1;!l!': 0.29 

Cp #:-'7~llll:.J:Q~li: cm; 

' 



1.2 7 Y 7 <Dll<~l!lilt;Jo J: Vii!J!H"' 

1.2.1 Af!,~--;j(7< '/ 7 7 7' / 7 

(1) ili!!:l<f. 

h 

Y&~J.k,;-{ 'Y 7 7? /!J t'J:, :f:-ffl*Afi~?fjj:Jlijll_$:~~=~@~:.}1, -C:f,3 f). ;t{JV !-­

;.:_ J:: 6 ~/El:t ~ tL -( t, '-f£.V'::. ~ ~lfii '£ *-., ilftit·~OJ~iffffi l: L -C. 7' /-!? i;'>figtj 

L.-t,,,::,. •::. ~ l')~fffii~fi0 tc..,, f_tja, 1!£il'fili~IJJ Ss t.::.~tT 6 ll.it¥.IM11f ~ff ·5 ::. t 

;;;[llft-c' 0 0 :::c !:: ;j> G. litl'YJ!ll!!th r file »C ifllU!!it'iiJ!t!lf'lt ic<Diiilli'l' B 7 

7 7' f~ "l <D'1'f;ffi 1i: ff 0 f=, 

a. :il1°!!7J<-'< Y 7 T 7 -:.,.--.;;- O)jf:ji{I~~'f.fiffi 

7Y:1\c-=:iv--c • .tlli~:!.:.J::9.:r-/. / 1--l: §i!:::J::-6.:::--7::..,,.. t-Z.W/±lL, 

'ttLG rltil'IT 0 :::c .". C'Oilllliiflili'2-rr0 tc. 7 /" "'""l'JT Q <Dlci:, Ji!l~I~ 

J: .5 .'f:--} / 1-- > !3 ~l:: J:: 9 "£--;:-! / r- ©m-13-~&i 6 fJ~. ~ftffiO)~*- fl!!~ 

{::.J:: Q.::c-- J :;./ t- < !3 i~::t::J:: Q.::c-- 7 ::.-.- }- ~&:i '?, 7' Y-7 titfiii1! L1.tl· ,=._ t 

rlitillH .. fc. 

Ctt Wkg 
-----~ . 

. ,l.g 

CH Jk ='Jljj° fiiJ JCtilt>l !li: 

[iilit~ BY 7 A~~t::®JH 3ttQ/JOJ£:!¥.: 0.36 ~I.SC!~ 
ootl'< s" "'7ii'l'il!ll~illli!ll<"'n<51l!li:l[Jll'., o.n ,,.6C,~ 

w l!!\i!llfilii 
g l!!: ;t; llll i:![ ilt 
h lliiitoon•Gl!!:·C·>'c<o,:ieliil! (muml 
Q · oclllJ7:."'·"'"mff l!!:·t.· :1o C'O)l!fl'lft (mum) 

• oiil'J '1'lili 
±&itl.::.J: o-r- ;< Y 1' : !¥11 = wxgxcHxh 

!3~i.::.J:6-F-7Yt- :M2=WxgxE 

M, -M, ~(WgCHh)-(wge)~wg(CHh-£) 
CH ~0.36l'lli1Ji';-' (CHh-E)~ 

CH ~0.720)1i!><'f' (CRh-t)~ 
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. 

1.3 ifO)Wf@5~)_t&U'iil~1:1 

1 3, 1 :W9.lf 
(1) #'f@1!ll:lt 

~<gt=----:iv\-C!J:, lij9:tt · _liiti:m14J {=-;!i;.-j~ ._ ~iii~fflJ±fJ{=-~,J· L--C+;,it,t 

J!it2' a-:fr L '""( i.. '0 ·=- l:: Y$$E. L -:-::r~ '> ' ;Jjl f-t:f>{±:;kfr_; !.".: t3 ~t 6~ffl4ki<tf =ML-, 

---i-JYl11M'@'.'Mi~~1r L- -C0'0 l::Mfilli G -c t.'0 C~-4 ¥00)~ 

ffe'.-4 ffll-=j".-tpl.t_7f\.;f t=-:f3t) 0~~!J){j4~ij£i!£~f{il1j:fa:f!::P.il 

!1-1¥ -'"'"' l'f 4" 5 I :l!t 0lr. ' 'i' 0) tt • J: "'*"' li*f 'DO 
l<'!ll f:t.1J : s l'J~ 

&:.~fJ:: i)lil'ifO)of:'.,~ 

[mmJ 
;±;IJ ' p 

[MPa] [nun] ~" ' t -'"'+~!''° 
[J\4PaJ rmn1l hn1n] 

I 1--3 %taifilt:>' SUS3-0~TP 6lL5 1.4 JP !_±:7}: 7 -( / ] 128 3.5 0.33 -

Sl:S304TP 76.3 1.4 128 3.5 0.42 -

;t; / ::7 .:i.;::. '/ 1-- SVS30-4TP 89.I 1.4 128 ' 4.0 0.49 -
[I -.3 %~~ii • S"GS30-4TP 60.5 0.98 128 i 3.9 0.24 -

W1'±7k7-1 Y] • • 

SL'S304TP 89.1 • 0.9.a 12s I 5.5 0.35 -

165.2 ' 12s I S_l;S304TP 0.9-& t 7.1 0.64 -

STPT370 89.l i 0.98: 93 5.5 0.47 3.0 
• 

STPT370 60.5 0.98 i 93 5.5 0.32 2.4 

STPT410 "'318.5 0.9& f !03 10.3 1.51 3.8 

STPG37\) 60.5 o·.9s 93 3.9 0.32 2.4 . 

STPG370 76.3 0.93 93 5.2 0.41 2.7 

STPG370 89.l 0981 93 5.5 0.47 3.0 

STPG370 60.5 0.98 93 5.5 0.32 2.4 
[1~3 ..,.ilii.l~* SlJS304TP 60.5 1.4 

. 
128 3.5 0.33 -

-17 ::._/ '7 IW,fP~Jf-~ 7 
,f >l SUS304TP 76.3 1.4 128 3.5 0.42 -

;f. /7'.::::i.;::. ';/ l~ SUS304TP 89.l 1.4 128 5.5 0.49 -

11~3 %:ft£f.4!7}: SGP 165.2 
-7 Y;7Ji!,:ififf7J-.:7 

0.98 74 5.0 1.09 l 3.& 

,--( Y] SGP 216.3 0.98 74 5.8 1.43 3.8 
(1---3 %~/:;! STPTJ70 76.3 1.4 93 5.2 I 0.41 I 2.7 cc"'"'"'"' !Pl'E* ' 

I I 7-1 /] STPT370 • 60.5 1.4 93 5.5 • 0.32 j 2.4 
• 
• 

0.33 1 ;;J":/7'=;::. ';/ }- SUS304TP 60,5 1.4 128 5.5 • -
• 
• 

{I ,....__3 %@-;7 • • 
STPT370 • I t• > ~.1¥.l'lr?''±* 76.3 0.98 93 5.2 • 0.41 2.7 • 

• 
7_.f /] STPT370 -&9.1 0:98 93 5.5 • 0.47 : 3.0 • 

• • 
• STPT370 114.3 0.98 93 6.0 i 
• 

0.6 3.4 

STPT37-0- 165.2 0.98 9' 7.1 • 0.87 3.8 • . 0 
• 

' 



' STPT370 ' 
' 

STPG370 

STPG370 

STPG370 

STPG370 

STPT410 

STPT4l0 

[l....._,3 %#t CST STPT4IO 
,,. tf;k7 4 > l 

STPT410 

;')"{//"' _i:::;."'/} 
STPT410 

[1~3 '51Ji,! CST STPT4IO 
iF'?':l=:?J\7-1 /) 

STPT410 

STPT410 

STPT410 

' 
STPT4H) 

: STPT410 I ' .. ~ ~ 

Y.d !'<¥!11!¥&~9.'!'¥ r, i-,;i: ' 1 
*2 *-5 l=1EY:>0iiil: 

• r*Jtt~~it Q[§:'if 

60.5 

89.l 

165.2 

318.5 

60.5 

60.5 

76.3 

34.0 

60.5 

39.l 

60.5 

60.5 

76.3 

89.1 

114.3 

165.2 

0.98 93 8.7 0.32 2.4 

0.98 93 5.5 0.47 3.0 

0.98 93 7.1 i 0.87 3.8 

0.98 93 10.3 l.6ll 3.8 

0.98 93 5.5 0.32 2.4 

0.96 !03 5.5 0.29 2.4 

0.96 103 5.2 0.36 2.7 

0.96 !03 4.5 0.16 1.7 

0.96 103 5.5 0.29 2.4 

0.96 103 '. 5.5 0.42 3.0 

0.96 103 '. 5.5 0.29 2.4 

0.%, 103 : 3-.9 0.29 2.4 

' !03 i 5.2 0.36 0.96 1 2.7 
' 

0.96 l 103 5.5 0.42 3.0 

' 0.% !03 6.0 0.54 3.4 

0.96 103 7.1 0.77 '. 3.8 

litOlii'J>fflJ±:IJ l=xt'T 0 il['i'fO)l'i' <'- r;t, (<I: I-I) != J: ~•HI' Lt= 11!:!3 J: LF"'-5 !=1EID 

Q 1ii(l)V •f .hli•:*: ~:,, \jjO){iJ;i.l: '""(" .,Z ,!J:fl-t;f;:t: i; f,t"V \ 0 

t 
PD, 

(i"(: l-1) 
2S17 +0.8P 

t: 'i'!'<D;tjlj:Jc£ .. !!l'f;!'l'<'- (mm) 

P : Ji!::li;i!l!illi±:IJ (MPa) 

Do : 1fOJ>'}.& (Jnm) 

s; lit""!l<:fflllilil!'!=i31j 0 f'91!j- • lllili'.!J!t! it 

ll'-:H#llil l'<' Parts 'ii 5J f=!J!1ET 3H# 

<Dlf 'll' '.l I !1!11'1:J (MPa) 

~ : ;Ill "¥- >~ "¥- o:i 5'll ¥ -i: , r iiit lit · It o;t !J! Iii 
PVC-3l30J ~:::_;t'.032::.:=~t::.J:Q., 
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if;J)J}{f (rnm) if0)!j[2: (min) 

25 *"" 1.4 

25 VJ:. 38 *~ 1.7 

38 ;;(Jc 45 *ilii 1.9 

45 ;;llc 57 *"Ii 2' .L 

57 ;;llc 64 *"" 2.4 

64 fl.le 82 *iii' 2.7 

82 u_r 101 *l:li >.O 
·-· ··-

101 V,J:. 127 *~~ 3.4 

121 YJ:: 3.8 





1 . li!#f.f o<:SH!ffl!iil:V>ll!msiUl!'& V'litlttt 

(!) iflii>l!lll' 

~J1<ffo<?ti!it'l!1lif (A), (B), (C) &V'#!i\"ill~l1<f.f"-?tlilli\l<!ll'i,::ffl;'6?ir~<D­

lllli,:: --::>l 'cl:t, ;::E1JW$~Jii.li\o:>ili'=.1lli:!E1J'l'i'$ifl)l!;Jii.1'1H:lliffl L. -C:l3 ~, JIS B 8265 

(!EJJ'l'>~V>iflil'i--A'l:>!<C'lll v:>,l;!'Jl';litliJll:fjc '. £.lJ!i1J<J'i'll:liliJE T 6:: !: ll:!ti!!!T 60 

t 
\ 

h 

-~1-----
i 

.; d 

I 
t : &;.lJ!">J-~"i' io (mm) 
P : ~>f!EiJ (MPa) 
D, : !~J:> F'lil': (mm) 

o a: ~ITT-~l.:::to!t 0t:l~©m::@51'*.£t:.1:l (N/mm2) 
n : li<1"*1l!'l"Wi'l' 
a : )ll;ti,j-\; (mm) 

M : Jllll!i~IHO' V> W, ;jjC le J: 61J\\ll!: 
R : Jlll!i~/;'J:)qo 9'V>Jli<JlJllilV>F'l¥"" (mm) 
rv : J11L~Mt&l0'9#0)JLJ:f0f*J*"~ Cm1n) 
D : ¥ottp:J,lf}jjtjj(if.>ttPJ(7)<';;1<1J'; (mm) 

2h : 'JOtc'Pl%#!:!li(7)toR <DF'l<.!G (mm) 
K : "'tcPl WM;tz if.>Jfci:fkf,:: J: 61,1\Ji!( 
d : FG:Bl?-b.t::_~1)*'JV r. q::,t,~p: (7)~1¥: (mm) 

PDi 
I +a 

2a,,17-1.2P 

PDK 
t +a 

2<r,Tf - 0.2P 



>:;,J!<i!<~tt'.IO l=>!l c '"' /' 7"' -7 l'l:ril<o:i~ ~. 

ii'l'ill!1' lmfil 
ll[ll;;(f ;< !!&!i"Jf 

:Stlil'llili'. (A) M&~ 

li!: * ;if"' •&lrll 
:Stlli!'llili'. ( B) 'II! .l1, j1f 

li!il'E!Oi 11! 
lltlllff 7- ""'<\II !~ .. 

0-lill'IJ<li'. ( c) !QZJ0-11 
~£11 

?F~,lfl li!il't!Jlll 
¥'.#/f7 ll!lrll 
71~~- ~~ff 

ilit«lii'. t:3f!L 
~~jj;z ll/kili'll 

:Stlill'IJ< ft;'. (A) ~iibtf 
li!:ll;;if ;< ll!ili'ff!i 

:Stllll*'lll ( B) ~Jfptf 11Jlj['jl!Jl;j1ii 

•e'il."1 llil'E!l1it - • • • • • ~~jf A - • • • • • 0-llf'il<lt "& .. 
ilit«1ii\ ll1lf!L p D a, " a 2h 

l![ll;;(f 7' 
!Qk!fllr - • • • • • 5J-li!l*''l!I (A) 

'1["' ;(f 7. 'l!li!fli - • • • • • ~iifl*il ~ B) 
llil't "1ll ¥-t::J:q% 

li!:li'<:if.A "";<;II l!Ul< cStli'i'll<ill ( c) >&'11'11 
'l!!.!1.it 

*fiir>!l .I • li!:'!i';;(f .A ll!J0-11 - • • • :51-*~ii: 

ilitfiiil1' $UL p "· " d 
li!:'!i'; ;(f ;< 

'i!!lrlt - • • • :SHillJt 111: (A) 
li!:ll; ff 7' ""*'if ~~ - • • • :S1Jilllt111' ( B) '¥' 4> tc '!< 
li!:ll;ff 7' lli•c'tifil.ll 

:S11'itl.t1!1: ( c) ll/k'lfll 
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- 1 1:11<:ffl'<t'.!Oo:i .. JIH'. ii'To '1lii'111.i!tljc£,J!!j!<IJ"'il<i lE t_, -C:l3 ~, ;)):'J"!Plifllt'l'i' 
i!tf'l ~Jiill'C Alli'!"1l'1:l Jil: ili;f;j;!lJ fEfJ I: +);ifil ;t 'i 911!'il05t!!!: 0: i'J l_, -CC '9 ,:: I: "'Jiitijl! l_, too 

lffi'{l:t ~m: ;0 . .\!i'~ (""') 1".IE1!<:~ (mm) 

ll'lt!t 5.56 9 

J]Ljfji;l;,t;l 5.86 9 
Ji!jl<;;;l;z 2<'3'.ff! 

'i"!l!Pl ~-Iii' 4, 17 12 
?tlillliill: 

'¥.St-iii 21. 93 26 
(A) 

il'lt!t 5. 21 6 
~&i-tl 

llllil'i~ili 5. 49 6 

,Ii1J:t& 4.86 6 

lllli!i'i!lili 5. 11 6 
~*ff 7 'IJ:"1il! 

'!"ti! Pl if'l@Wi' 3. 69 9 
,,,, llll:!l<ll: 

'!!.t>tdli' 21.93 26 
( B) 

,fli!i 4. 86 6 
~Jbtl 

.ITl!!f'll!tli' 5, 11 6 

.fl1!<: 3.51 4. 5 
lli:tt!'1 

¥-:ttiPltp;#[tj 2. 75 4. 5 
II 

l¥-.bt::-~ ll. 94 22 

.~•#.< 4,23 . 4. 5 
~*;if" 'l'~lt 

¥tl!Plif'll!lt< 3. 24 4. 5 
?tlll\:!l<li' 

.~•t!< 4.23 4. 5 
(C) 

•.!Vilt "¥:;ff Pl :m;fl;t:t 3. 24 4. 5 

.Iil-..&o.t::1& 17. 67 24 

.fl1!<: 4.23 4. 5 
l<!Ji.tf 

¥-~PlID~ 3.24 4. 5 

lli:l't!'1 .'Flt!( 4-. 07 6 

l'll .ITl!~l!lf< 4, 27 5 
•e!il" Ill 

.'lllf< 4,39 6 
~$jfA •&ltl'll 

¥#1Pl.lf>l!ltJi< 4-. 19 5 
?tiiflli>ili 

.~•ltF 3. 77 6 
~~;fl" 

.ITl!%!!1<1!< 3;94 5 
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• 
• 
• 

(2) iti!B·l't 
,., .. ;if:<;J-i!t'lltll! (A), (B), (C) &cneit!ll~ .. ji;>:5J-ilf'!l<1ll'.l~-J\'-Z-i!, IJ;;lf< 

1\lt-Olli'81<iilt>t • llil I!llit (2005 'FJ'R) J 1Ciiii'" c t,, ~S';li!JJ!Vl 1C !ll o , ', illl~\!tll'J!t 
tlllit J:'1>itil!\!:C Y 7 -"'t~ '1:i G'.>li!Jl<;/J ( I. 2Ci ~ o. 24 ) I~ 'il'l:'°":!'""filJ L ft c'.: c G'.>~ 

lg 

lliI lK ;iz::D~N!tllll" 
w -lilt 
g ll:t:l.!ll~lt 
hu imM®ti~f_:,.fi:•L,:i:-Cl')Jfe~ 

12.g ~;ZJ,aii>Gtlll!fli>L.--~ -C-UJ~!il 

:it!:r~:.:_J:6-r-;1:...--t-: M1=\VXgXKHXhu 

§:W;iz::,!:::6-'E-Y:-;.,-i'-: M2=WXgX~ 

li .. ;if 7' 5H!lllfi l!!t (A) 

'li! .. ff;<;J-Oifllfiii'. (B) 

~~ 1f?. 0-Jil~li: ( c) 

ow ii\' Jll 'l/;[;<i ;if;< '"'lif li'i 11' 

0.24 

g 

9.80665 
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~11 [N·m] Mz [N·m] 
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"'" jf ;z 5l-!i!i<llili'. (B) 3602 9169 ~Jl_,fj:l,\ 

1" .. ;if 7- 51 i!tl!i fl: (C) 7259 15877 ~~JLf.t'-1:' 

*1i\'.Jll li!li ;if;< 5.tl!lilfiil!' 24172 85219 ~JLtt-l' 

4 



fJ:;t?, ~-ffi}t~~~tif.:::z.:..tll!J~lf,;:01.i\-C}'±iil• S !7 7 At§~ (7)fiJ~~)J( (3. 6Ci = 0. 72) 

<:VJ!ffiffi t,rrc '. ~ L- t;:' "=- 1: 'l!:litlll L-f=" :«- 3 l;:il!ii{l;Jl'l'(Jffi®iSJll ~ iJ'T, 

i'>t ii<~ 1lf 
ll!Jll!ICCJ:g't--/ Y ~ El ]ij;: J: 0 ~- ;-! / f-

lffiffi 
M, [N-m] M< [N·m] 

'11' Jit /jj 1"' i\I< ff 7' :$T llf 'i& !il 72515 85219 ~~ L.tsv~ 

2. ::f.b.;t;-A 

rn il'!m9!lill'. 
:::t A.it>~ 7. l;tfili'.tt. ~~m.i§1:reili&n'>t$1;•:M°:t-f ~:boti::, i!i'i:lt~~tt~t:..toit QMX 
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('1fjJ! S !' 7 .A) <•1ac" 7 7') 

2%:mt 
Ji(; i? !EJJWH;t: fll'."1-!R 7 ·( Y "! i$!>tt 1f-" ~ lltlllJHlll ii\ 
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L #Y7 

1.l t%ll!!=<X**'-''i 
( 1 ) ilitlttt 

1 ~~=fj::*MY7°[,:-::;t, '>-C{i::, ~-:/?<' /::7 ~re tit' #~ C:1t:l~ !-- v~7 _l:_~;:::fl} 

*'!_,, l-v-7-a-n-c==" Ht (0.T. =lk;;i==v !-) -J-0.':1'.-Cili!l!!tt"'i"Ll: 

2'it01: 1-'blc, :J';v f-"l'".'lillJET0.': 1:c·fiifl'Jl'JjJJ:J;\'"';l!'t:-CC•0o 1f'tc, =/)(;;\ 

== v f-1;: ~o' '·ci:t, 1 %1Jl!ll\-f-!l'~lllalb <D Jil:'\-lcil!t@'. t,, JlH~11it I'. i'i>l>t~tJ "'°"Ill] 

~}jll:Jf{ ~~ t. -CV' ~c =._;t>_,;y~it ;Z_, iit~tt0)~11ffi t I_, -C, ;f;}V 1-- O::S!l/l'.t;)ffl/~ ~h 

o = .:::- E: a=**.::::..== v t- ;O'::f:L;~J i_..,t~i, '=- !:: O)~fiffi1:-lT0 t.::., f~.:iO, ~filii.:::J3v•-c Ii: 

7k'l'Jffiill'foc"'iif!!< B / 7 7fll"ll9!Hilli-C;l;,0 0.36G I'. L ii!JU5ttt111'l!!'fl!it J:O)iifj 

:!!\: B -7 7 7' fll ''lif> lfiili "'jt 0 tc, 

a. #;C f- 0)5'iJl!'Wllii 

$ 'T JJ ~ llti'li lit~ Oil lit lt Iii Ii! !'I( JEAC4601-2008) <D 11<'!'1 # Y 7 0) !~ oc!f llii :i5 i1i le 

l'l"M L- -Cl't'iilli°"D°"' to, ·tfJc, #1/ l- 01n1!ntJJ1.c --::« ' ' l:t, ii\l!l'1!;'i! Cs icillt 

01ff'.@J:1;1J '"'ii!!il [,, #Jv I- '9!fiililll.,'{l;i; lOO'C 1: J,.t.< L -C, 1ff'.@J<;1J "'i'lf>tc, 

tfllli~-*a- J;J. T :-~:r.:-r"' ~ttlJt:7Ji±i::--C~'f'.gJ:t/JJ;J, T ~ 7'J!-:> --Ci,~ QG 

( i ) lfiillih'lt&V'"'f'f 

ii!l!l"lf' ' !!i( -l'-1J5l'lgi'Jiiil!!Ultl!tltl!H!!;E f JEAC4601 (2008) J 

lliJi;:J'/ 7'0)J;li!J!'iij1iffi;lJ$iOJ1"~ \_. -CITT~'"' ff 5 o 

~' mt·W.il!: 

L 

' Wi'l:llilmt'I: . lfjl;f,v ~ 

· ~gi'0mm:, ;&l!;wm: i ¥'.--'7°J1<'lll1=J::0Jllfm: 

• '1-l'i'IOJllC •ol&i'\: 



F, 
G• =--

:;> nrAb 

Qh =mg(Ctt+Cp) 

{t ;,_,~ffi/J 'fb = Qb 
nA, 

L :Jl.~ ~ L- -C ti' 0£1i!~/V ]-- J: lj· •-*=51 ~Jt:7Jttt;•f;l0 

£J,I\$ /v e ;j' -z' O>!!iilf! 

m ~ffcD""f.iiP¥'!!''"' 
g 1i/J1J~:@J~(=9.80665) 

h @ft ilil ;;, G 11<,iJ :>' -z' 0) l!E~~ 

Mp ;¥:..--:TIEJ~t,:J: f.Jl!J< "E-_,.t / }-

*l!-a#1V !-- {,:Mp !'i{'f,Efj Lfotl-• 

1, m.i:,, !c £1ii1:$JC HilJ0)7K'F15fo'ille~lt 

n, 515";1J0>J'FlllT"5£1ii1:*1v e0>'1'1illi1'Mr 
n ~a;#;V J--0;;$:~ 

A, £Jl$Jv !- '7:l;J;iill!iiffil!I 

CH ;;kijZ.Jjfii:l~tt!lfl 

Cv &'ri~hTilJ~/it~ffl' (=O) 

Cp *'"Tlllil!Jl~J: "5!l,:t 

• $"f-lfJ;t:JJ : f;tt_ffitk~ Cs \;::t3it 0 ~f$ft.JJ ~:liJfl l-, d TO);?\;-C~ft: 

.l;tff!#;V }.O)Wf!@:ill5if.t:1J : 1. 5ft = min(f1,,, f.,) 

£111:$;v c0)1\'f"'it/v!1fill;;IJ, !. 5f, = Fl-/3 

::_ ::_-;::, F i-J: 13 #~--$* ~)t~t · Ji)t;_t;m'* JSME S NCI-2005 ft 

JMIEl~Part 5~8_:&_~~9J:.J:.l, OT~f.t-5 0 

F = min (Sy, 0. 7Su) 

Sy : ~ 8 J: ~J lOO~C : 194MPa 

Su : 3'R: 9 J: ~J l00°C : 373~Wa 

F =min (Sy, 0. 7Su) =min (194, 0. 7X.373) = 194 MPa 

1fl'it:¥1v ~O)~f@'.i:\!5~J&1J: 1. 5ft = min(f,,,, f 1,) = (145, 199) 

= 14.S MPa 
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( ii ) lli:lil>~ l'l 

I -~nm] 
Ilf 

I 

s, 
194*[~1PaJ 

\40mm<g,;;,.100mtnJ 

-

fu. = F/2*1. 5 = 145. SUPa --+- 145MPa 

fts = l.4Xft~-l.6Xc:h = l.4X145 - l.6X2 = 199.SMPa 

__,. 199MPa 

ll;lil';J{/L- e O)Wf'?/;'lt!vllli.<l;fJ : L 5f" = F /.,/3 = 112. 0 MPa 

--' 112 MPa 

m " h 

I 
I, 

I 
0 

=kg] 9.80665 .nnn] .mm] 
n A, Cn 

I 11--i I .[mm'] 036 

s. F ! 
373*[WIPa] 194[MPa] 

\Wtnm<i;!;_~ lWmn<! 

lfl±llZ:JJ i'f ;a: .r.t t; 
51!11 tF Jt.I L.1,t 1 • 145[MPa] 

i!NWT 2[MFa] ll2[MPa] 
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~1:.TD~~-tJi'ifJ.T(l)~t-~-C-l±IT -5::. C: tc>\72: 6,, 

FE ·hc-(W-Fy)·(; 

l·n1 

{0.36xmm< 

~-l938.9[N] _,. -1938[N] 

::. .::._ f:., F H : IDt~t7.k-¥.t42!t1J \KH • W) 

KH : ~~t_F'.17k¥1.!:lt. =0.36 

w ' 1!!$:i;ll; 0 .kg] 

0.36X--kg] 

h0 : ~1-ttmJ:. ~m~m,1:,,*1.:0~~ =•rnml 
F v : ~iiti'l'l~@:i1!!.SJ:l =O 

QG ' 1'itttT 01i"" tP "",,. td'l'lilliR,: i.P ""lll~:i:,[,· '° ""' l'E!ill< ~-[nun l 
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n. t : ~S~fftJ-a:~;tt::.tiii-o:>5l~~~ltO~filli.~O">~ =I 
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( 1) iii~!! 
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iii~~~t~li'mit J:.o:>iit~ B 7 7 A:tl3 ~ J)~iffi1.-fi0 f=o 

a. :¥Jv I- o:>l~.!Jt!¥liffi 

Jjj( T 1J .is lli:l.l'iilf!Rto;t lit lJi ifi m 1¥( JEAC4601-2008) 0) Ill\ 'l'1 # / 7"' m!l!' H filliJoi'.E 1= 

~~L--C~Vffi~IT0t=.,, *t::.., ;f.;v f.:J)tfWJ.t:fJ~.:.01.r'--Ct:t, {;ft;_.Efl~~ Cs t.:..t'>tt 

0 if;&:Ii0 7J~Jjiffl L, ;1{;'..- ~ OJ~{i!i{&J.ti:t lOO"C l:: :J.;.-t;: L- -C, Sf~_lt::}J a-:t-:l<">t:. 0 

~f1iffii'.-i!i!~ JJ. T~.:.;?-t" :jf.tl:lJt1Jt'i:E--Cff¥f._ft;fJJ;.t T 2:: ft. 0 -Cl:, .Oc 

( ; ) !'l'liffi:l5'i'.EIHJ'"'i4' 
il'i.'lll!:'l' o J)j(Cf'1J9'1'[EJijij~iiJtJttl!cli>iJ!J£ fJF.AC4601 (2008) J 

Ill\~:¥:,. 7 O)'i!llJl!'ll'l!li :IJ/$Ki!'l1J& L. -c IWll' 1" ii'? o 

~r ;;.01rr!O' 

L 

· !Hillllliffi' , liHl'i"1v !< 

· °"i Ali' 0 f,fjji; o Jill}llf,f jji; I ~ / 7lli:!llJi= .t 9f,f1i 

. }tjf_,;:ffli;•Q~~ 

51l>\1J F, ~~{mg( CH +C,)h+Mp -mg(l-Cy .:c,)t,) 
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- - Qb 
·h - n.Ab 

L 7:_,~t L-C;,.•6£~¢";1- t-J:. !J.:k:51~ftj}?Jtt.P:D~0 

liHl!*'" 1-- :l'-C<Die"1! 
m il<li® 0) i!!["">'f 'II! lit 
g jf[jJtlJiif/l!'(~-80665) 

h l!5Moo~'C>lli:L•3'<'0:>i!il'li! 

~ #~~~El=J:.~•<~-~~~ 

*1'li!1,fH- H~ M,l:l:f\°i!l IAi:l' 

h lllL· !- £li\1#1v l-F·9<D7!'.'!'1'"'1llei!!! 
n, 51 llt!:J<DfF!!l-J- -5 .!l«l;,f ;v I-- lDiff:lliicJit 

n _!l<lil\,fk I- o:iicl& 

At, £fl;f.-'Y t- O)f!B~mi:f:l 

CH ?k'JZ 7'1'JilltiltJ!<Jlt 

Cv t)jD::JoioJl:\'ttl't/l!' (=O) 

• i1'f$fttJ:l : t,:tl:J=fl~~ cs i-=::B!t o i1'FJB:rr:JJ ~~-m L-, ti. T O):A;~IDf'JE 

t!~;f.JV J-. O)Wf~i'.fl~t.J : L 5ft = min(f00• f,~) 

:i;til;:};;;., l"-iDWF$'1!-NWiJt:iJ: L Sf~= F1.J3 

.'.: C:: -C, F i;l; ~ iclli!l!l.$4£ illtilt • llilltJJ!tlf JSME S NC!-2005 ii 
~~~Part 5*8&U"'"7Jf:..9 J::_I), ~T.i::.:1"£-5~ 

F = min (Sy, 0. 7Su) 

Sy: $:. 8 J:: ~ lOO"C : 194-MPa 

S:i : ~ 9 J::. >) lOO"'C : 373MPa 

!!£0 -C, 

F =min (Sy, 0. 7Su) = min (194, 0. 7X373) = 194 MPa 

£~#JV f- cT>i1!f;lf:51ilftJ;t.}J : 1. 5f,. = min(f,
0

, fts) = (145, 198} 

= 145 MPa 

f"' = F/2*1. 5 = 14.5. SMPa --+ 145MPa 

f,s = l.4Xf1~-l.&X '!~ = L4Xl45 - L6><3 = l93.2MPa 



----> 198MPa 

£U)!;:R;i.- f- OJit;G:it Jvlt'fJ;t/J : 1. Sf~ = FI J3 t12. o MPa 

• '9' tt !l!J' l 7k '!" h [ii] 0)"' ~ "!# 
Ctt=-036 

--+ 112 MPa 

( ii ) 111.:iill!!' !l 

I -~] m g h 
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I .kg] 9.80665 .[Tillll] .mm] 
Uf n Ab CH 

I 11--i I I -mm'] 0.36 

s., l s" F 

194"[MPa] 373*[MPa] 194[1'1Pa] 

'.40:n<n<:~$ WOmm) (40.nm</1'~100mm) 

. 

Jf ttlfat/J ~~J:t:h 

'li'llt tf:}f.l L,t_i:i,.; l45[MPa] 

-lt /vl!Ji 3[MPa] 112[f\-1Pa] 
--
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c o:»i;ll!l:: "'liif'il I!;;-, C> •¥1iffi ~ fJ: 0 -c'' C>, 
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a. *JV ~ OJiM!.Sl'.~ffiffi 
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4.1 1 %1*~'if 

( 1 ) 11i'~5'li& 

il~'li' 10--:0 c • -c l:t, liiJtllt • !U'.tl!!IJ\ J !=£-=' 2' , .Qill;Jl;J!lJ± J:J !=%! t., -c +st t~ II' 2' ,;: 

ff t., -Ce> 0 :: 1' ,;,iti:li t., -C :13 >J , t.Ol!l il!ll't17' - ivfili1"i4'!'1l!?U= :13 It 0 «'Ill '*'¥I' I :;ict 

L. +,.JtfJ.Wi~'tiiiJr;:t~ L -CV\-0 ~~-¥fall L -C\f\0,, 

!tH 

STPG37{) 

STPG370 

1 'l'lli l STPG37{) 

=?X.*7 A'/ ; STPG37Q 

; STPT37{) 

STPT37{] . ~ . 
i!d i':'!'#i!'l'o:JWJ&" lo.:'E-C I 
ir,2 JiH 1:;E;,) :OSJU'l 

• 0-JEE-i'~tt ~~~ 

!'\-"' 
.,,. 

li'f!ll'51 $: 
·~ «':Ill 

'DO rt-..fl : s 
J±:!J ' p [mm] 

fMPal 
[MP a] 

60.5 LO 93 

89.l 1.0 93 

114.3 1.0 93 

165.2 1.0 93 

60.5 1.0 93 

165.2 1.0 93 

~1/r: 
ii ;J) tt ;iJ ...1:::. ~*flil 

£,<£let ~if(!)&'.,~ [lJ-,, 
ll'" ' :@:1]·,~6«2 

{1nm] 
t[mm] fmml 

5.5 0.33 2.4 

5.5 0.48 3.0 

6.0 0.62 3.4 

7.1 0.89 3.8 

5.5 0.33 2.4 

7.1 0.89 3.8 

:ii:Jli{j!ffl J± 1J i::J8'T 0 OO::"f O)~ <'S fi, (:ct; l-1) ;:: J: OJ ITT-~ L- t~i@:J3 J:: Tl~- I t.:: IE&.:", 

0 fB[(l)l; '-f:hti:..j;:~ I, -..::fj"O)fil[JJ,...I:::. '"{'fl:. fi;h.t;fti: t.:>Jj:.J.,- ',, 

PD, 
t~--~-

2Sf/+0.8P 
~;a: l-1) 

t '. ifVyttjJJ:oi::':,~/J:J!i[ ~ (mm) 

P' JR;ll;j;i;l!lJ±.tJ (MPa) 

Do: /ffO)-Pj..';-'£ (mm) 

s, Ji>Oi\Jl"lllirultt::l31t a 1,;tit • lUJUi!ll> 11 

iw.1.tnliil * Parts * s1 1:!J!JE:i'00n 
'1Jlf 'ii 51 'i!ll&J:J (MPa) 

" ' ill 'F •~ 'F oo m 'I' -z- , r o;t tt · Jl! ll!tll! ii> 
PVD-3110J h:.:;£:160~:::0f.::J:-"5o 

4'2 



WO)YJ-f~ (nun) 'Ef;J)_~ ~ (mm) 

25*iili 1.4 

25 J;(l: 38 *ill 1.7 

38 J;(_C 45 *ill 1.9 

45 .t,_:J_t 57 *~~ 2.2 

57 J;(_C 64 *ii! 2.4 

64 v.L s2 *~ 2.7 

82 J;(_C IOI *illi 3.0 

101J;ll:127 *illi 3.4 

127 J)._t 3.8 



( 2 ) ili!ll!l'!'t 

=to::.*~{i'O) ') 70, i~C/tc0~i~tti.:. ~i, '-C O)~fi6:tli-* tr'.7FT0 

1 - '1'illiiRi'f 

E1" :;:, "'*"'He, ii< '!l'<lllil't Ill 2 ::OiJ\J l"JJl<:-<T ~ - i- er Ill<' tc, jlij'!iilj<Mi'!cl'!f "'i!C1'i'¥ 

(i"iJ~'i'¥<1ixl'f l:J: ~ Jllil>:: i: -T 0. -,;_ t::, il<'i!'i:t7k-'l'1i"1::tlt"''"- 1- "'"'-JE: L, 1Hfil 

75":.>Jt·=-::>l, Y'"{"" t"i. ~ ;r, ~ f- ~fii[_ 7 p 7 0)7.K.SJZ-}JfPJ!t.OC:Y~ l: tt:O)§~ll:.@~f'*~ 0.52 0.: 

J:: '> tA·2'<'b'~i: L, llll11t1::J:: •J'!<'1!1i:iili:J:ion•'~''"iD'"iffeiE-t-o, 
7kf':!i"1!'i:!ll'i:l:, iiil!!IB 77.0<!1l"liD,Hi!i>:'m'5 0.360 cT0, 

2. ff~'iffi::O$ 

.lkiJI h!Pi~!ln~i~li:i=~W~J:. ~ t:,JJ-.. ~ < , .«2Jtt.:. J: 9 if~/TPJi:tl'JiJ~fJ:"l-,-!:: ~ :t G 

;h, 6 ::_ t: iJ• G. *-¥ 1JP:!~&:I.:. J:: .0 ~ '11;11[-!1Jj=jlti:J '7)i1k\if lb1J~ifjfi ~~ ;:t 0 ,, 

W•illO!: fll 1iliil O)JJl\11! ::: J:: 0i:t1:J i:l:. Tll<I lei' T El 1il: 1:: J:: o i:ttJ O)!i!l!'1'i -Ci1H!l:Z' '! 
(4_ 2) ~C~T::. ~-;;J~-c-~ Q., 

wL' 
· Siv=--

SZ 

SW' El lit::::: J:: <SJ:i;tJ [MPa] 

L• -';hY,- i-.5\'f¥!k'Jl\\l[mm] 

Z ' ltlfiliil*li< [mm3) 

w: ~Jt-::ffifiiJ1!i[N/inm) 

L 

Sw: § lif:. J:: 5.£th (UPa] Ss: :lt!!.11~:. J:: 0Jt1J D.Wa] 

a ' ;jz -'l' 1i iJ\Jm':IJ'. 

-,f.tc, ljj!J>HllWJ!I:::: IJEAG460! (1984"FJiR)J O)c77.A2i!C'ifO)jj\J!ll!(;\!;DsO)~j}O)­

/;'._rt;tl illJrll. ~ m c, 0 .i: -r 0 i: • l!!ll!!o'l'il!i i: L -c •:t < 4. 3) ">:1'c-T:::: i: "' "°" 0, 

• S=.Sp+Sw+Ss=Sp+Sw+aSw= Sp+(I+a)Sw ~ 0.9Su (4.3) 



s,' lililtl= Jo 6ii;f) (MPa] 

" ' *" :15 fill !'<il!' 

lit,,, ·c Jere (4. 3) "'="'llliJl' -r 0 .io :»=, 121"'-<hJ~- 1-~aOO: ,..i!;'.iE-t-0 :c I'.•= .io ~, 

liC'if }1+7.ft~~rn.'.~ if 1_, -cv-.0 ,:: ~ ±_ Q =- t. ii~<:~ OD 

3. :W{jlljili!!' 

i'if !>i\i.jji ii!l!st l'f 11 ~ <: § lll:i= Jo 6 IT; t> sw~40[MPa Jo:>ll< 1!' +!' ;F- I, 12!ii,._1liilE T 6, 

i'iCW~!il7 P 7 o::i*¥:Dftil~f{[ ;;!: f'!iJJzt:t}) 036, P<lfEJ;: J: :0.IZJJ Sp=lO[MPa], l1:l :mt:. 

J: ~tt:1J Sw=40[fv1Pa], ffWJti::iJ ~ STPT370[100"C]O) 0.9Su=315[MPa] l: L-, (4. 3} IL: ft 

.P .. 1""'0 t.V.T .!:: ti:-O, 

• S=Sp+(l + o:) Sw = IO+ (l+O. 36) X 40= 64. 4[t-..1:Pa] ~ 0. 9Su = 315 [MPa] (4. 4) 

"- tc, ~'¥ li' <lo 6 !!!15-fc ,;;, .<& :IJil\lt. 'h ff'i'Ei' 0, il'J :Z !:ff,/; :Ill*\!!<,._ 3 !'. \.., (4. 4) 

5':1' a !ll:I= Jo 6r;i;t> Sw I= 3 "'* !'., sw~120[MPa)/'. i' 6 I'. lTF /'.it 6, 

·S=Sp+(l+a:}SwX3= lO+(l+0.36)Xl20= 173.2[MPa] ~ 0.9Su = 3!5[MPaJ (4.5) 

f,\J:O) ::_ l:: l:J~ G, p[~ij;i~~:J:¥f± fJ -C § 1i!f::. J: ?_.,q;;jJ Sw ~ 40[MPa]f&lt:O)~tfV:¥ 

- r i!Cli: t L-t=-~·€1-, ~1:.it1Ji:tij'f~J;t::_1J }.:.~t L -c+:Sf~::f6Ii>~:·ffT Ot.f'i* J::: 1.i>-:. t,::_" 

f.£:!8, 1 %~1't*62.~l:.:itT Q-l;l--7'.f,'- f- ~¥1fOO~eyJ>J« .,Y tl T~.:.f}';T ~ 

~V;f,'- r-:Rfi'f~!'iit.ii:e:?_)~< t~.Q~if~~'lE) 

-!7--:¥- J-.. 
l!lioof¥J& ~"" 1l m: •= Jc Q ;<:; 1J 

""' uw st l'f ll!!Ml 
ll<'l!'El it 

(mm) 
(mm3) (Nlmm) (MPa) 

50~.\/Sch80 STPT370 

45 



4.2 2~~~if 

( 1 _) m~~~lt 

&R1!f ,.:::--::tt·'--c tt, r~tt - )i~m.ti J t=*5--5 ~, i&iii~fflEEiJ ~;:XJ L --c +ntt.~;3 ~ 
1'i t, -cc' 0 ::. t "Ji1';B L -C 13 ~ • 1"l!llifJl!\N 7-;H,\11'\;{;-$JI* fU3lt 0i,,Jllif;f'f i=xt 

t,. +:ii f~lllil!<5'l.~ 1"1' L -Cc• 0 2 lfii!li L-C c' 0, 

un 
I 

STPG370 
2%m 

STPG370 
-ik:.~7-1 / 

l STPG370 

i STPG370 

2%~ 
STPG370 

=ct~7-1 / 
STPG370 .. ~ 01 ~~if~O)WJ.tj'>i n f'!~--C 1 

*2 >'Z-1 K!E"><>iill 

• "'[£Ee st <t 0 ill: 'If 

-91-f~ "''"' 'DO 
i'!'!ll 

EEt.l : P 
[mm] 

rMPal 

114.3 LO 

165.2 LO 

216.3 LO 

139.8 0.5 

165.2 0.5 

216.3 0.5 

tt~5!~ '.'.&11: 
'jfO)g+'j.£ ~*jlij 

!t:h: s fl'] l'l' &'.·~t~ ~ifO)&:'.,~ 

"'" ' {'t;J,,~:;;:02 
~1Pa] [mm] 

t[1nm] [m1nl 
' 

93 6.0: 0.62 3.4 

93 7.1 0.89 3.8 

93 8.2 Ll6 3.8 

93 6.6 0.38 3.8 

93 7.1 0.45 3.8 

93 8.2 0.59 3.8 

1;: ;%~}¥.ff /J-1.:. ):1-J -5 OO::W u >~ 2= IJ:, (]:\. l- l) }.: J:: ~ ~:JJ Lt.:. {l!li::f3 .J:: c,'<:£<:-1 I.: JE ID 

0 fltO) !i 'f .hii'*~ t- ~-f5tf)~jiJ;.t_.1:_-c1J:: !-t:MA:f!t G 7-t-V 'o 

PD, 
t~--~-

2SJ]+0.8P 
{".it 1-1) 

t; 'i"(J)~fjfJ:.Q:.~fJ::~2'. (mm) 

P' ;!:""'Ji>:!!lJ±:IJ (MPa) 

s, lil:illii'l>!!lilili!!'.1=13>t 0 f<J:i;t • ll'R!l!!lf it 

i!H.tl*IEI !IC Part5 !IC SJ <=!llJt~ <>t.tt:f 
o:>&t--~'.:H ~!:t::/J {14Pa) 

q ••••v••-c raff·•••• 
PVD-3J10 J (.:ti:: 6'Y 0 l::: .:. ;s_~.: J:: 0" 



ilfO)Y}'(f: (mm) 'i'fO)~" (mm) 

25*~ l.4 

25 J;JJ: 38 *llll l.7 

38 J;JJ: 45 *llll l.9 

45 J;(J: 57 *ill> 2.2 

57 J;JJ: 64 *'111 2.4 

64 P.J: 82 *~ 2.7 

S2 \J.J: 101 *llii 3.0 

101 J.'.(J: 127 *~ 3.4 

127 £_{J: 3.8 
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( 2) ii!~tt 

-i'.-1'*~1.mOJ ::it;;~ n~Irn..s-~~x-~.=:i....:::..-;; r.r .. '.IOJ~'!'f::.----::il '-Z-0)ii'Df~·~O)~'!'-filli*5 
*~:OFT~ 

1 ' Jlll11f§fd'!' 
. !Wtff~ 7·;~, . 

~~ FG69A.........,~X~-M-.:i.:::.. y f. : KFPC-901. 

~3'.t~~.:i.:::.. '";,' }- --JNiii FE52A : KFPC-902 

• i<'JZll3!'i:;IJ' iift"1i B 'l 7 o<.i!E'lo:Ji~!illic:!b0 0.36G 

· '8ill'J13i!tJ ' ililil: B 'l 7 :<!ll ';l o:JiHil!iciicoltm 'Ole -n •i,,:c '"'· ~OO':!Jf;lJ!~'13•t.;;, 

jlli~;IJoita* r- 9 '/ T~!E:tiC.:b-5 lOOGaI O)fl!{¥ ~ L- -r: O.lOG 

· fli2:i'-t±~ : ~~tff ~.:.!fl~ 't.:~~'if-tl:~ Z. .i;:;. T ;::.;T;T" 

il2'if f±jl; 

""U'!J; /"" " 1 C-OA/ Sch. 40 

150A/Sch. 40 

2C-0A//Sch. 4-0 

tJ!t STPG370 

,ij. JI; ?e!ll ff ;iJ 1. OMPa 

il!'iil\"' Ill illcll< IC-O"C 

2 . li'foliilHI! 
V. T •~re 'li'°'.<t tJ iWJO!illi)!( ~ff-T, 

-fkJ;t:: :fJ[Pv1Pa] ~$JG /J [Ivf Pa] 

~i-9: FG69A 
77 

~- ~Xf!t!~.:i.:::.. :Y t-
189 

~x~~..::r...:::..-;;-l--
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KFPC-901 

rnif:R )j 7 ;"" E 

<W:1lT 0 :l!~:i'!t-';i? s" ~ TY.IT\>«i'J&¥:I't • I 

rf.: " 1k f ~ ~ iHiR:'l#:Sf 
-<:"-j' $j f;-"'.fijjljj : 

( s) x J, 

"" z h '" y Ji .ft) I 
I ;}:: o. 134 0. 00 o. 00 -- I 

-- I 

' ;r 0. 109 o. DO 0. 00 -- I 
' ;r 0. 104 o. DO 0.00 --

' j_ 0. 097 o. 00 0. 00 --

' ;r 0. 093 o. 00 0.00 --

' "' o. 089 0. 00 0.00 --

l "' 0. 087 0. 00 0.00 --

' ;;; o. 086 0. 00 0.00 --

15 "' 0. 051 o. 00 0.00 --

Hi "" 0. 047 -- --

~)J G'; ~ "' 0. 36 0.36 0. 10 

" [!(_; "' "' -- -- --



' 

' 
I 

____ ,,_,_ -·, 

KFPC-901 

I .. ,. 
"' " ~-)' I ., if i~ " ( s ) x s "' y " "' z ;; "' 

I "' o. 134 0. 177 0.018 O.i27 

' ~T. 0. 109 0.309 0. 001 0. 083 

' "' o.; 04 o. 007 0.007 O.i02 

' ;-): 0. 097 0.303 0. 036 0. 076 

' "' 0. 093 0. 012 o. 251 o. 020 

' 
,, o. 089 0. 059 0.016 0. 241 

T "' 0.087 0. 440 0.005 0.02:6 

• " 0.086 0.048 o. 068 o. 214 

" IT 0.051 0.067 0.084 o. 068 

-;.t:;t:;l:rtf(:Ji 
i:vlP •) 

-a:: + :_:;x ;<: ;h ;:ii li:ii 
<MP OJ 

• " J!L":rt:1l ~;'<f[._:l_J it~it:n rtfHt1J ;t~Z::? fl-'fht:t: 
~ .. § 

~ " • H .. g ,,~ (f)J-$ O· s :1 m~~+iv $a (~J 
<D+•'.il+@ ' . " '.!;+@+@+© $ 0 (j) 

s "* '' (S ,} C· ,, .,. Bo I' (S,} I• ,, 
<A. B) "' Q)+® " "' " "' ; .'\ Bl "' <D+~+© " "' "' "' (A. " "' zU+~+@ " 167 " "' 

KFPC-!'101 ;A. B) "' :©+iJ:!+@+© co "' llG "' c lID, S) '" (D+@+'V n "' " "' c im, s.; 11~ ,, (S,I " "' " "' D (N_,S) <D-+Qi+® 
D OV,.SJ s. (S~J 

fl':<<i 9: ,;---""7'-r-1 f-;<\;<,,,_;.-·;.--7i!il &U ;!'!;~~·T-'1-S"~t-::-:-l'T(~ s.,. <c 1 2 • ShY>)>;;l;;;t;:i,•_!j;l)M[c;·t-'3_ 
l:t : ©t;t1'iITlt1J; s p (S ? m)l@:ta_-...:i;:: 7;(5 M 3 )'3dttu:trt1l (flt.<-';Jifll!Jii'J&tti!.;i:1;'J'1.i-=: J: 0<t:n2-;'0;U) ( S1'lb) 

(i)i±..'.6::.J;Stl'.SMc )~_y,7. 
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KFPC-902 

'Jif,~-Y 7X " 
~!tlt-Q;f;!~~~ I s "l~ U:;~J{/Jfill:i 

z l'~ ·' "' ~ "' .t.<ifi'.~.~ 
=(;--- F f,'ij~;d:llil 

' ( "') x )f "' z }f . ., y }-j '": 

' ;_;:, 0. 089 ! 0. 
! 

00 0. 00 --

' 
,, O,OS-7 i 0,00 Q,00 --

' "' 0. 07Z. 0.00 o.oo --

• "' o. 0'67 ; 0.00 0. 00 --

' '" 0. 061 0. 00 0. 00 --

' "' 0.-058 0. 00 0. 00 --

I '" 0. 057 0. 00 0. 00 --

• '" 0. 055 0. 00 0. 00 ' --

1l "' o. OSI o.oo o.oo --
' " IX 0. 048 -- -- --

gr, Yi "' ~· 0.36 0. 36 ' 0. 10 

" 0J .. lot -- -- ' --



i 
i 

"' 

r.. ili !-( KFPG-902 

.;,, ~~ ,_,, ~ 

x j_; "' ' 
, J.J ,, 

0 OB9 0.287 O.COl 

0. C67 0. "' 0. 003 

0 072 0.010 0 002 

a. C67 o. 095 0. 003 

0. C61 0. on 0. o;, 

O. C58 0. 0•4 0 co; 

D.057 0.054 0. C02 

0.055 0. '" o. 005 

11 it C.051 0. 034 0. 050 
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'"' -~"'.' 
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~, 

' ,, •± x ., (, " \.~· _-.; ' C-• I >'•C sj jc _\ 

L~. ,; h "-·· ._,,, 
_-.; , . , 

' " " - I ' 'l'>· :=- u .<;; •s - "'y 
• • .->. '" ' ' i " "" 

,, ~32 

:,, __ !>! ; :14 ~- " '" 107 m 

"' "~ '" '° '" 
PC-9 " 

·.-\ "' 1\'.14 " 1~7 '" "' 
''OI~ >'>' \'.i-4 " 1S9 " :i:rn 

'11,3) "' " ' ·> " '" " ;na 

" ·!\'~:,; 

" 1,·_,s, " 
, 

, ! ' '· >~ ·~; T. <c< _, I,; f"·•-< (.• ; {l "--' ·:- i;, $ ~h • .! ; ' e_a;";•'.·-<:: '' j · ·'·' '2 '-'''J-".-i" _1'.t • ~ .;, : •• .';-<- "1.-• ' ,; -'H· • 
.(-rt _,l:S !; f :,.\l c; -;--,,-1-. 
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4.3 3%~if 

{ 1) ~~500.J!r 

jl''if ic--=>I '-c ti:, 'iilttt · Jl!OJHl!.'lf J Kli!:-:l ~. >i""ltllll±JJl-::M L- -c +·;tt"'li' 2' ec 

'1J' t_, cc' '5 :: 1: "'"'""'~-Ci'''. ll':lllil'f~t,,7-;vf\l~;{ijijl;j\IC:tHt oB!':llli!id'f lci<t 

L, +7.tfJ::m~~~flL-"Ctr\0 .!::ff-fiffi C <:"1:"'6'" 

!tf!i Jil/ili 
~W5l~ ~-f~ 

: "g(l)~~J:: ~~~ 

Hf~ : DO 
fl!,Etj ft;JJ : s ~!'!' 

:0~fJ:_ ~if"O)£,~ 

EEJJ : P I'?" : ~~_JJ'~ ~*2 
[nun] ' 1'1Pal 

[MPa] [mm] trmml [mml ' 
STPG370 114.3 ; LO 93 6.0. 0.62 3.4 

3 :;1* 
STPG370 165.2 l 1.0 93 7.1 ~ 0.89 3.8 

-t1-:7%7--:' /' ' 
STPG370 216.31 LO 93 82 U6! 3.8 

STPG3?0 139.8 0.5 93 6.6 0.38. 3.8 

3~-\a STPG370 165.2 0.5 93 7.1 0.45 i 3.8 
=tt*7'1 /' 

STPG370 216.3 0.5 93 8.2 0.59 3.8 . . ~ 

?.<I ft'l°li!''J'<1)3'!J'1'" '"'""' l 
?.<2 $.-I 1o;EiQofil 

• AIE ec 'ltf t o ill'!< 

t 

~iWi1~fflffhi-:.~:t-r- 01§:.i;fo:i~ 6 lj:, (P'.: 1-1) le J:: 'J IT~ ~t=-M.:to; J: "O'~-l {.:.)i:"SQ 

0 f[(.1) v •-rr._ . .;J>. 7'::-2: I: •.h J)fjt.D J::-C-ft: !tt-iff t; ~, f~ I: "'o 

PD, 

2SfJ+0.8P 
(J:t l-1) 

t: t10iHf.J:£ ... l.tJ'i' 2' (mml 

P: JO-/.l\ft"lJ±fJ (MPa) 

s: J!l:ii1;1le!ll1otoc1:-i'1t 0 IOJttt · Jl!iill'!J!li> ·'t 

~tt~~ * Pms*5J ~!J!;Er0tttt 

0)~~5l~_i;t:;'J (MPa) 

~ : ft * llf -¥ "' Wi "' '(' • . "' lit . Jl! lilt ti! fl\ 
PVD-3ll0J icJE'Oo 1: .::.01::J:'50 
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~0-)5'}.:{£ (mm) 'jfO)~ ~ (lllln) 

25 *~11li 1.4 

25 CU= 38 -*iii> L7 

38 J;l_I:_ 45 *iill L9 

45 );{Jc 57 *iii 2.2 

57 UJ= 64 1'iili 2A 

64 );{Jc 82 *iii 2.7 

82 UJ= 101 *illi J,O 

lOl )],(Jc 127 *llll 3A 

127 JJ,J:::_ 3,8 

w 



( 2 ) Jiff~ l<E 
-fjz~filtii tD ? i::>, t't~Irz-€1-----~X~~::r.~;;; f-fmO)ii:.lf ~::~ti \-c ®litSt:£0)~fii6~.W 

~'l'T. 

1 . IW!li4'd'i' 
. Miff-r7;V; 

~IDt FG10IB---~X~.::z..:=. "/ t- : KFPC-901 

ili\:?'J!\$="' c• I- -ll'{;;t;; !- v-1- 29B 'KFPC-902 

• J}::<p'lllJji:;i:J 'iiiiil B '7 7 ;;11J"l<D,'lfilfi-C;j,0 0.36G 

• tclili:l:-t!!~/J: it?! B -? 7 ?.~~(TJW-filli---Cfj::$:;;t.t":>:h-C\.-\fi:V'-7J'>, §B-Uih!PJ~.::.:tsit~ 

llll~:IJOiIB!l!':*: I- Y c•:/i\ll:)f:j1[-C:b0 IOOGal "1t~{Jil./- VC 0.IOG 

· QC!iftt~ : JW;Vft.::.ffl ::'t::ijl:'iftt~~ J..::l T\::ffiT, 

2. ~tilltS* 

$tit 
"'I.I; ~Ill IE ti 
Ji!:,,."' Ill illc!il' 

\Jr 1=~< 'l!'v<GJ:>i¥ioliilli!!l~ 'l'T. 

lti\ll: FGIOIB 

--~~x:~::r. ~ /' 1--

i'1!!3Cli\1li>= "° " I-
,..._~lf;IDl°A }-.. v~T 29B 

IOOA/Sch. 40 

150A/"Sch. 40 

200A,/Sch. 4-0 

STPG-370 

1. OMPa 

lOO't 

-<XJttJ[MPa] 

83 

53 

" 

O'FWJt:IJ[MPa] 

173 

173 



KFPC 901 

iti'J:-:!777' B 

mm-1~h!'.BJifl~ So & " Mo "' It ,,. 
* " .. .. 

~- !t li>11f !i'i1tll 
(<) x :Jj "' z :Jj "' 

1 "' {)_ 146 0.0'1 0.00 

2 "' 0.132 l), 00 {.)_ {}0 

3 .. o. 119 0. 00 0.00 

4 .. !}_ 107 0-. 00 0. 00 

5 .. 0.102 o. 011 0. 00 

6 .. 0.100 0.00 0. 01) 

' "' 0.01'1 0. 0-0 0.00 

• "' I). 070 0. 00 0. 00 

17 "' 0.050 0. 0-0 0. 00 

18 "' 0.049 ---· --
~(i\J~/!: o. [)]) 0, 00 

M> "' ll .. u. 36 0. 36 

" " ~•c•~~~<•*~b~~~~F•~h~T~~a. 

1"7::>:S!i!'f 

I 
- ~ z 1J 

' ( lira ! 

'11 .. 
I ,. 
i 
i 

" " 
: " m •*lt-1:'.~*Z7J it 11'. R;: /.l J'f~t:1J 

•• .. ~ 
.~ :~ -a! ~ :it: .. ;f " ®+•~ !.&· s [-, 

l 
l;-1?;-'-(~· LS:- Sh 

' SY* 

(A. B) 121 ©.¢ " n~ 

<A. Bl " ~'-®~ 11 m 
• (A. Bl 171 ©'"®-.-® 3' 1€1 
• iW-®·iJ>-© iKF?C-901 (A. Bl " l2 1€1 
• C(B< S} 11'. Q'®.-d' 83 m • I Cl& S} 133 Ss{ Sol 11 m 
' -· - -

~ .. .. 
y jj "' 0. {10 

0.00 

0.00 

0. l){} 

o. no 

0. 00 

0.00 

Q. 00 

(}_ 00 

--

--
0. ]!} 

-(;'i;:+_;>;;.:,it:hWBi 
( lil?a J 

" " "' j; lf:Y:rt:::iJ 

{!J-:-$+© Sa ic) 
[)+~+®+~ s:: (d} 

s ~ {5a1 2·S y 

84 • '" • 
124 I 232 • 
" 251 

lll5 2'1 

" "' " "' -



63 

'·~~ 
- -- .... !fl--

, -

r""--: 
-..{~ ..cl'~ 

....... ~~~~:;! 

/!;:;. 
/ ~ ' 

' - ~ /.,, 
---~--~!:? 

/ 
... ,~ /"' 

~---,/· ~ 



'" ~·' ·-' 



" 





KFPC-902 

it:=77.A B 

~mT9li!l!:lt~ s, ... " ~ .. 
-'E- It i!.'l~Jt!llj91 

iii 10 * 'I' JJl I! 

(" x jj "' z jj "' 
I 1" 0.137 Ci. 0!) o. 00 

2 "' 
0.105 0.00 0.00 

' "' 0. 081 o.oo o, 00 

' "' 0. 011 0.00 0, 00 

5 "' 
0. 072" 0. 00 O.oo 

' "' 0. 062 0.00 0.00 

7 "' 0.056 0.00 0.00 

' "' 0. 054 0.00 '""' 
9 "' 

0. OSJ 0.00 n.oo 

10 ... 0, 045 -- --

!111 ir.J m It: 0.00 0.00 

!!> "' ,!!! If 0,,. 0.36 

" .. 
Ta~ffi~~~(~*$htl~~~-W~h:J~~~6. 

<7 '-"' 3 Mt!' 

"' ,;, 

"' 

~: 
~ ,zw:~ " " 

' 

~ tit- m 
f:ik "' ' 

{A. Bl 
{A, Bl 
lA, Bl 
(A, B) 
G!'Uft 5) 
<;;{:B<Sl 

lit* ;;t:: ;'J 

" 
,. 

' Vi 

' " ' ' 

t:. 

Iii: A ;t. }] ,)( ti ¢:; h 

z jt ! CC+® 
..r; ~~+·:t 

ll'W<t.:JJ 

L5•S h 
!.$·sh ',. 

m 

·~ 
·~ '" m 
·~ 

y "' JJl I! 
;, " 0.00 

0.00 

0.00 

0.00 

0.00 

0. 00 

0.00 

0.00 

~00 

--
--
o. ia 

- !'.Ii:: - .::. ik i:.:. .1} iii> f:i 
\ MP" I ,.. ~ " 
,, 

i.D~®·© 
©+@-c®-t© 

So (i"H> 

m 

"' "' m ., 
~ 

M< "fl •:i ;:, 

s .. '"'j s "(d 
i· s I' 



>_f:J'.' +-ff 
- ' 
~ '+' 
" 

f2 

+" ',{.:-, 
!/ 

68 



~* , N 
z • 
• 

•• 
• 



'. 

7C 



~ 
j ;" -. 

.,.;~ -
I 

~ 
\, 
\~ 

\ 
\ 
\ 

\ 
\ v 

\ 

\ 
\ 
\ .. 

-~ 

71 



- '-''"'- --'-"-~' 
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F v : filtttJflffHi:±£351J =O 
•G ; ~1tlT·3:IJ1"liJ•G-"to~lffi.~;\•G~llt4'.•~C'O:>~Jill ~-mm] 
g : fffe:ttT0hrPltJ~GJttc~fjt~.AJ{:_,, =lll:nrrn] 
n, 'lll!llHii1~Ji\:"<ottd!!if0:>'ll"1.'!'c'll:!t0!1'iiffi"-O)J& =I 
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5 .3 3 ljc i!!i'll !~Jjf 
( l J ilflii!Wt 

3 Jlc@?i\'JilJ'!'il~. 3 Jlci!!<lUi!il1'MJ!'!~llt 0 £71-fcilltl!!: L-. liL'" tc l"t '7 ,-( '\'- " - 7°"1' ~Ill;• tcoi 
i~IBiJ llcJl1 ~•I> c: -c "0 il'. ,: tc t, "21"JBiJ Jt!ff ~ "5!1!:->±1\ ilfl1\'ft0)0j'iffi ~ L- -c. r ~~iil1lll!ilil"1i\ll: 
it · liliil'ii~i l2005 'f'l\R) J ~if','ll L-. ijl-JilJJ!;tlc iE!ET frli<i!ltJ ;c;:: ~ '!C1l'Ji¥ili ~rr 0 tc. 

fJ'.:to. ·~iffifc:to1··n:t7J<'J'Jofiili!:Ji'~i1Ul: B 7 7 :<lll"l0 0.36G ~ L-. ilfl:!!!iot1't11f1Hll~t Jc(!) 
li!';i: B 7 7 JC !ll '1l O),,iffi ~fi 0 tc. 

a. fii!ti!ffili 
illMl!!!ciE!ET "'""'fJ i:l:\;l T <J:'1ft'!i'3'\:C'J!:tllT 0 :c ~ t'C'i; o. 

FH ·he -(W -Fv )·le 
l -n

1 

I I 

{0.36x~-- O)x-x9.80665 
~ .-x-
~ -3587.3[NJ-> -3587[NJ 

F H 'ii'l'it;;l:'!"ll!li!.i:J (KH. W) 0.36.. ~-[kg] 
KT-:: : i!iITT-ffl7k¥:&!l =0.36 
w , m~ .t:lil: ~-[kgJ 

h G ' J!i51'J·jjjj;:: 'J 11i\lil>1">i:.• '<' "('·c')J't; !' ~-mm] (Jmillll>i.•"1; !' -mm]+!'l';';;o;"' 
.mm]) 

F v : ~MfflffiiR~W:tJ =O 
L!c : ~~-ii"° Qj}(Fi}iJ•GJ;;>.tc;;fiffiA::J•S~~iiA:,•:t-C'O)~ = .. mm] 
2 '/j;:i!1T0JofiiJ;O•GJ!.fc01'iffi§:<,<Y ~-mm] 
n, · jjljff""{j;J~1'*.tc!!!il-cD51~~5tlt0<i'iffi§<Dj& ~ 

'"'illl <i'iffi "'* 



5.4 4~~.:I.77-iYP-7 

( 1 ) iitl!l:t1 
4 ~mi 7 7 -1 ~.,,-7-7 ,:t, -#, Bait t #t.: t- v-7 _1:_i-;::1$«t t,, ;-. v-7 -a-l0--c .::i..:::. Y r. {l:'.; (£~ 

T, x.77.f/:7-75-...:::.y l-} i"~·=C---r:fi~f:'Etr-!PJ_t_2:-tt--C1."-30 1:.tc., ::x.77-1/::7-7.::i. 

= v H~--:>' 'c 1±. 4 %i!l!J!c !ll 7-1c-iil; 1'ilm"' l'<:!'l-l~filti'. L ti:lililli dl'HilOJ;1T1 '~il'Jll1J1U;'t ~iii! 
L c I '·o, ::tiAeii'i:l' ;t, i!lti!'!ic'>l'!'iilli-' L c. f;l"'i'lliilillit!iilltilt · !i<I!litt (2005 'flili:) J " 
lf'!ll L, '"'~*-'"'l"J-ll'"~~Lt'°e>j!(f;!;c:, x.77-1 /:7-7"'-=v H~,.;!t-t<>ll<iJ'LtJlcJ: ~ 
~ii'IJ~'f iJi:YfJ--:> f;:_,_o 

fJ:"3, Wiilli1~"3> 'c l;l:Jk '!' jj'fi\JJ!,'i "'il!ll B '' 7 7lll!!l "''¥iJ!lic:'<I;, iS 0.36G ~ L. ilflllli~lltlil' 
3!il!ltt le l')fiitill! B :7 7 7 lll !il '1J >fiilli '1'C 1T 0 tcc, 

a. ~~Wlii 
ll!lli:!i~ll''ET iS il<@:/Jl:l:J;A T vifHlrP:c:,,.,lli-t iS:: t ntc: <" <So 

0: ~i.·fil:~ 

R 
_FH·hG-(W-F,)·fa 

' - l ·n1 

{0.36x-x (- O)~x9.80665 -x­~-2248.S[N]-+ -2248[N] 

F H r ;;nt7Pf'lllltlJJ (KH . W) 0.36. - ~m>rg] 
KH r 1i!tlit!llJk'l'ill!I! ~0.36 

W r i!l!~lll:rlt ~-kg] 
h 0 r 1!51'1'"1J: 'Jll!li!lfli>c•:l'C:l')"""' ~-[mm] 
F v : ~~tJth~iil«i!f!iitJ =O 

Q0 r Jj<llt-J- iSh'fi\Ji>• tol;<fdi\1{;Jigll• bil!!$llLt• :I' C:o:>JiBl1( ~-mm] 
_e : ~ij;j-TQJJfPJn"G~tc~1iffi#..7"''Y =•[nun] 

n , r llil!i<iiil'J"'~ ;t td!!if0)5! 'lll '1'C5i' It iSif1iffi,\\\l')-!j: =I 
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~ljffil 4 

IJl( 'l'IPEE :l:J '!'f'il' · lililll$lliio'1> 7 l!i17k j'l')\.Jil'i!ll !c 1* 0 lili lEc<iOJl 



1. * 7M?t7' /';7 

<n !llfil!t5!Roc 
;J;?M*7'/;:7{::"JV•Li1., JEfg-~~20n13 (7}c{i1:2m) t::::f3<t-51fi-7kJ±i::)rt 

L, ~~i::J: fJ fitjj::g Lt::.. f!l1Jf&lk. tF/ftt&va'f?G7f<i±:t>*~ v \ ::_ c 1:-~~ L -c t3 ~J -.. 

~;_t ') ~,-,f.:.i_±}"*'.:.tcil) 6 f~ffi§R1fi:};:;tt L-.. +7Jf.t:®~5~ff :Z..if 0 LV' 0 t: M'fdli 

i_,;::-i,\~ (ISJ-lW:ffi!),, 

(2) '!il'"'l'C 

{~ljiffe: 2 
{~1Jt!'{ 1 
Jllel!( 

if'; i/~?.k 3J / '7 l::t, $ffl*.§il$ifa1l!!J~-l;~;:ij£11[ 2i ;h. --:::-:tD f) , :t{;V J- l.:_ J: i') 

~1E 2; tl-LV' ti:i.. \::. t: ~ili~ 7~, ilit~J~OJ~f{J] ~ L --c -, 7' Y-;; ;;J'>ti~J 1_,t~i,,' ::_ 

t 0•~»err 0 t~o f~to. i!'ilf'Jl!J~!ilJ ss •~M-T oilhs'JJWIJr iicrr 5 :c-" t'!Nlll-C 
"' 0 :c 1- tp re,. 11<o<iii!!•JJ e.~' •-c. ilf!ll<11t:tt'i!'iltlllJlt JcO)Oft• s " 7 :zm !ii 
O)~if'fdli~ft..-::> f.:_o 

a. * 711i17k.9 >c7 o)>fr!ll1'H!i 
••~~0~-J/ct&•~~0~-J/ce•iliL.~~Ge1ta-;­

c:; :c t """!llJifl'1illietr0 tc, >< '-' 7 "'"''~J-;- 6 o:>f:i. 1ru•;.· ~ -0 'C-- J / 1' 
> EJ liiJ.=_ J: 0 ::t-} Y f.- OJ~ir-C-ib 6 t~, ~'f'.{il:jO)fi:i!f!::, ill!~~.:_ J:: 6-:C-- /~ / 

l~ < El !ii= J: Q.=t-- 7 Y !--- -C lb tJ, 7' :/ ;:7 ;t)~tflj i_,iJ:t--',:. Ctr:~~ L f:=-o 



I 

/ ! / 

--

' / " 
- - - -,/C-- -- -

-- - --- - - -- -

A 

' / " 
' ' ' ' ' ' ' ' -

-- - - -

' -

/ 

' 
I 
' 
i , 

.-0 --- ' __ y __ 

cH : *'l":'r"'J!Jeifil8' 

(UH~ B ;'.?" 7 _7.~{lffl!;::::@ffl 2:.t"L01Jn~I!f: o.36 (t.sce 1J 

i!it~s -:;77,~1.mt::.J@JB2:j~'-'01.lnitl.!t: 0,72 ~3.6Ci) 

w : li!tli:!li~ (-g) 

g : :!Ui:IJ~Ji.ll!' 

H 

h : 3ii}{-:j-µu7..n (:) ?,X~O):m>L• ~ ""('O)fm ~ ~n) 

[ 

(-f%~7K~ fJ O)~E) 

: 115i1ilii1i' G ll<ll'!•?Olll:·C.· ol' ""t'o:>/.li 2' -mil 
(-f*~7.i<t.t L,O)t~E) 

: :st 15 iii 2'. am) 

iff!.~t.:: J::. 6--=E- :f. ~, !-- : M1 = WxgxCtt:-.h 

§~f-:.J:Q.::C-;J. /I--: f\1:=WxGxC 

• !J.E.if!l~-@S (~:tf1,'(jt~0~-5-) 

±{gSt:. J: .:t:--:::C-- /. / f- ; M 1 = WXgxCttxh 

g:m:_t.::.J:O-t---;,i :/ f..: M2 =W-xgxt 

M, -M, ~(WgCHh)-(Wge)~wg(CHh-R) 

CH ~0-360)J;!\•E;-: (CHh-1)~--

CH ~0_72J)l;!!-f;- I (CHh-1)~--

• fi1llJil'iilli (Jjl'lf,f:t,>t~c-~i;-J 

i~~l::. J: ~-=t-- ;J. / r. : M 1 =\VXgxC-ttxh0 

§]iJ::.J::Q-F-): ':.._.., J--: Ivl2=W...:gYt 

M, -M, ~(WgCHh,)-(wge)~wg(CHho -e) 
c" ~o360)J!!-if: (c"h-e)~--
cH ~0_720)1!1,·i';- I (CHh-1)~--

' 



(1) ~~~~ 

J!ll'.'fl=-c>t 'ci:l:. fiilttt · jj;iiJtJillJJ\J iUJ/l"'. >l:"'/!!'!!lE:l:Jl=:1t L.-C+:Sl't; 

Jli! 2' l\: '!'f L -Ct• '5 ::._ ~ <\:<ti!! L -C;f3 ~ • I" "'> i\!<;j(i'L'. ;;\ K;f3 It ·C>iY':!ll Skf'f!=:it 

L. +:Sl'fJ'.1"li!f5li!l!' E'lf L -C P<\ ~ iil'lii!i L. -CI' 0 (j\;c-I i!'ffil) o 

JH!I' 
-111'1 : Do 

[mm] 

>F?M*~> 
-!7 71,. G 

SGP 76.3 

ot?lll*!>'> SGP 89.1 -!7 tl:l !=I .,-...._ "/ !J' 

'"'t' SGP ! 165.2 . *1 lit'l'm'J'O)WJ$ ,, 11£-c i 
*2 '1<-21=iE!6'5ii1! 

• l*JEE~st~t-5Uitf 

..... 
JJ!'!!l 

J:EfJ: p 
[MPo] 

0.98 

0.98 

0.98 

\ff 'll' " I 'ill 
/'-ffj; ! 1tO)tt•l: WllfJ!ll 
"' ' ' £ 'll'f >I!" 0) £.'Jl' JZ::i:J : s fij),.: : ' ·~ ~ 

' "' - " IO';J•Jli! "'*' [MPa] [mm] : [,,';m] [mm] 

74 4.2 0.51 2.7 

74 .4.2 0.59 3.0 

74 5.0 1.09 3.8 

iib'6il!'iflJ:E:l:J l='Jti' 0 @:'!f <D.!'I' 2' 11. (rt. t-0 1= J: 'J H'll: LJdi0:"3 J: ff'l'Z-2 1=1El6 

6 {ii!OJ\. •f;ft>il~:k~ L· 'tro:if@:J;l.J:.-r.:t.t}tht't"t~ G i~i, \, 

t 
2S17+0.8P 

(i\; 1-l) 
t : '!f O) tt ,ll'J: £,'ll' '"'Jli!-" (mm) 

P : .. ,,,,i;!'!!!)±:l:J (MPa) 

Do: itV>i-1£ (mm) 

s: ~Jl1ir~.ltlmlli:}:..i3ft6 r~~t · ~m.tJ§. fi 
:IHtN"I '!I: PRrt5 'l'Z SJ i=<J!JE:i' '5¢.tl'f 

<Dii't$5 I 'Jll!l;;IJ (MPa) 

11 :m:-=Fkl-¥0~¥-C, f~tt. ~~~~ 

PVC-3130J \.:::JEJ0-"5 <'== =.6t.:::J:.--5c 
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~OJ51-t¥: (1nm) ~(!)~~ {rmn) 

25 *iili 1.4 

25 ;_;!.l:_ 38 *;~ 1.7 

3& .!;1.J::. 45 *~ 1.9 

45 f).i: 57 *ii'li 2.2 

57 fJJ: 64 *illi 2.4 

64 12.(1: 82 *lfli 2.7 

&2 f).i: 101 *iiill 3.0 

io1 £.ll::. 127 *M 3.4 

127 V,l::_ 3.8 



~•Hill s 



l'5 !I;*;& J1I! i!lt lili ~ K !l'iJ>X, T ;:, lilt tliH:: 0 c '-c, Iii' i:O'lll ll!'l'l'ii!E °' :!!< ot :Jo ~t & V' ol~ lt:W Jill (J) 

£;$::JoiH:: £--5 2' lil'iJ'>';:;;oc& v:m;UU't"'°''H!li KlT ? , 

L ;'ry'1l!*7/Lil!Jiit!liL ,,'i'il'/iilti!.\ \ ?' / 7 ~) l!:V'll!!io.:~'lil (~~ili''lf, ~il""' /7''4) 

LL £:$::Jo~t 

I.LL !lllii!r'i'li!l!'l'liilli(J)£;t:Jo~t 

i'! l;1l' * Y&J11!Stl!lii , iff 1"i lilt lili & v:r;i '"''"'iii! "'lil'nl'-r 0 l!;!l!l 11, r l!E 11tm ."' ; n llltoo 1:: ll!! 
i OrtU1£i$~At¥J"5~·~·J ~=-~ir\-c, .!Jl•W~m!~1if~::t9~-JO)' 7 :;z J mt~.!:::f!L 

ll!HHt """'- :C(J)ili!E!i!llH:i, rJsME s KC-I ::IBIE:Jll,11;\'JC;/Jiiitlili!i!li\ iiittt - Jl!i!ltl'l! 

mJ (J;J,T, r~~: · ~~mr&-.1 L:~·'?oJ -z:-mJE2:tiobO)--C-iti6ti". J;j'tt • r~m~ 

!;t, f~ttK£;$; <: L tc~;Jt'i<'I! Kiiit'iE: L ft: 'b O)C';!>, ~ , 1' ~ x 7 v /'i'f~o:,>e<~»l'<H 
(;:_ 01,, •-c 0)£~;b'>iJ:t· \, 
it 0 -c. .ffi~tJZ-{~Jfl L, ;:-;,,-,Q iDtfml:: ~")!, '-C ~~. i!Jttt . -~IDtffl_~(!)-;/ 7 7 3 m:~:ffl ~ 

--Crl)W{i!l].:rffi,,\, if~~lt*!-t.::0v,-cti. ~~*~1im~::JJab6Ult~i¥Jf,if!E~::J:: ~J Hi~t.:: 

~ G 11. i.-, --= ~ ~ t. 0 -cwifi ~D :i., .:._ G')~, 11s ~M! e 011!.ttiml&~~ff i_, -cv -.0~,-g­

-'le, -~ "'"';g Ltctl!-&l:l:~O)iili!l!f~ C' kffi!ll "'~ """ (J) /: L, "11illikrr '.i 0 

~ t~, ;if§'Ef~f\[{::~~ L --CfifFjl;{t;O)_~'llia-~timT -5&.a:n~b, ml~1J:ft'1§ijf--C-V') 

OC_ffl~fflt~ :i"oi::t- '-1'-t¥'f~·-BEJl3T~· Wi-811±, {ih§:*-C-0)'.'tffl~@i~tr-t,5-ffl L--=-~, ±:'.,~\.:. 

frtC-C~~~~ff:) :.t-r:, ~&j=:~{l:'.;O)~-\lfl::-':'V\-CIT)~fi&11'?o f;;B, ~~WITJ 

~ooii~m.-1~~--g.i:. h 0 --c i:::. iitm'2:t~~ ~=- J::. ~~lk~~:m ~rr J ::. t: -z:, ~:£:tt ~Pm 

1¥T0,, 

LL 2. i!il~i'tl~filliO)li!C;$o:i7~t 

?'iJ;l;J!cJ!bl'l'mtllll~"'lll'*T .::oml!I°' 7 '1?0<!1t1't<W'.ll' rP'l1'!T 0 "u)i:J:, r93Jll:J11JJ>('f" 

JP~IDt~:.Mi-"6ii'ift~~tt•~mtJ 0) B !J 77,m~o)~Im~ilLi'i:-".5!-)GhD" iiiit~'ll± 

"'f;l'JitiT 01=;;, tc 0 -c f;t, r JEAC4601 JJ>(+ J:JJE11l:rlri!fll'!iiit'Hxlfrll'.ll'.J (Yr, rm;ittilt 

iltl'<~i!!!ll'.J /: c "),) 'l¥1=4'llil L -Cl11~"'1Jtw1JE ~IT') :c c r1'i' lo: T 07l'. 'f1illi'f' 

iii, '111illi"'l"l=">v 'c ~:!il1=;1>,v>l:tc tj °'"'llflllT 0, B Y 7 ;<:!iiii'>tl=l!lict :'<h0* ':' 

~~l=-:kt L- -Ciii1~M=_ k1iti%-z" ~ T,t t, ':!£Ei-l"i, -t- O>~Wt:. .-:iv \--C~filfi &'i"T :S,, 3t~$:f1 

t.iticCi,.. ,~J>IJ.EB ~:: J: 0 --c, lifr.t~ttt:. ~--t 6 ~iffait.it---c-~ !_ti,. \i~im ki'it§:T 6~if }::J31, • 

-Cl:l:, PJ~lt~'IJT ,O.Jitf42\£!llT '5 t~ !c' L, iitll:ttK<tl*T{:,o 

i,t~, ;»J~;k~~~~~O) "5 'S~~tto:.mf{¥i'7K~ID? ~~1li~1::~~t.'--Ct:;t, $:'f\5 l:: L 

-cs 77;<t§1;0)'111iffiK1'J'J, 



L 2. li1'1i!lillii * 
1. 2. 1. 1*~7.KG~~@: 

(l) lill;1''illil[iH!ffi 

.t--t*-t~iE~-e=ti-;tt <, ~tt · Jiiit:t5lffif:..td~t 9 'l 7 ~~ 3 ~~O)~;:i<:~tiMJJET 9 'bl0~ 

}i:f£ i, 't>, ;1fi ;:t. i, 1~~~~'f'Tt,. \, :ff~f~~%~?f!L:Z ·i.- ', ~fi:;!X~{c~~t;;fJ:li'::. .:!:: ~ 

iit~f, L-f:_c it 0 -C, $rti'?ki'$:ill~iiitt£,~IJ:tlf €:~llit ~~--9"" 0 .!:: ~{iffi :___, t:_,, 

(2) rnl!ltl'E:Wlilli 
t}X§:*Y 7t'J:., 7.kq:i;;t;'y7~C)f;:_ 6'>:1U!Jli~:. ;._ i) *"~f,tf.t;1J tj:J§1:_ L-f,tV \, 

1. 2. 2. rtl-:'.--1-JJ-ltt~lil 

( 1 ) jj;glllilfi1'1illi 

ltfifilOO•~i~<. ~tt·R~m~,=-~~0?7~3-X®D*~-~~~~©~ 

fj:fj:~"-f.i-';;, i~i:_t,.Y~~~~:j"ji,l, ~£fJ:0C1f'5~~,Bi;{_J,>, ~~tf\t.!?i~CJt1!\f.i0:t_,.tl,\..:. l: & 

fl€~, L-tc:_o ~Ji:-::i -C, $7i"5tiili!~ii:t~£,~ft:m@55i.1't&1fT 0 2:: ~-¥t'iffi LY-:_" 

(2)llft!Jtl~1iffi 

a. ""llll:Wlilli 
Ji!l~ic J: <> i>Eii'J'E-7 :.- I- i: s lll.ic J: <> 'ii'iE or-7 :.- I- 1c'°ili L., -i'cn Git ltoxT 

0 =- C {.::: J: l'.J ~1~iifiil!i 1:- ~Jil[ Lt:...,._, ~ij'fjffiO)~!f;:, 11!:.-~.=. J: Qtz;;lf!J.:e- 7 :-- 1-- I± Et lil:. 

J::-9 ¥12~ - 7 :...- 1-- J: IJ 1J ,2: i, •..:. ~ t.i~ 6, !!!ill~ Lfctl,'::. C ~mf~ L-t<=- (*:~ 1 ) "' 

H 

L 

m[kg] 

. • ' 

~1"'0. 36 o).m-if 

Ci-i=O. 57 O)m-if 

I 
m m~w~ < - kg) 

g .i!tJJl:J:ilfHl. ( 9. 80665 m/s2
} 

H 1l'HtiIDl»t.,a:>lli;L•"'C'°'IE~lt (- m) 

L <clJlJx§jpC,J;l!:l;>lli;,[e•"'-CJ>ig~ ( - m) 

C8 : 7k:!¥hPl~ITT-~& {0.36, 0.57) 

Mi= 49,615 N·m----+ 50 kN·m 

M, = 78, 5::i8 N·m - 79 kN·m 

2 



b. liHlVJ{;V 1- O)!ii!i!Hffi 

lit\!!O!tittt>.ii<!!!fi OO!iillrlH!!i1' IE !c il"lm l. ·c O'i'illi"' :J;;hli. l. tco oHlli u)liJ !!'o, :l!ili\! # 

!V ~ O)~!iJ.t;Otli(ti*: ~ ;h Q::. ,!:'. ~-~'Gt::.. (:~ - 1) ~ 

m 

g 

m[kg] H 

L 

L, 

H 
ll f ; 

n 

A, 

L, 
c, 
c, 

L 

ll!li!llW:lt 
'i;;iJ im iElll' 

(-kg) 

(9. 80665 m/ s 2
) 

!>llltil!i '°""' "':!ll:·c· :t -c· '.T;leill! 
1'Jil'#;v " r.ii O) * '!' jJ ioll!e:!I! 

51 ll(:IJ O)ft !ll'T 0 o!;!;Jil'#;v l· O)iif1ili1'l!k 

i1aJ;;# ''" r-°'*" ( I *l 
liHilt#;v r- O)>illill!fffiil• ( • w) 

7l<'F'JJ'lo!Oltl+~oc (o. s6, o. s1) 

C11o-0.360.mft Ft-=- -16,181 1\" < ~ J::0-C, -5!~:::1:1~±~1:.Lf~t.,'o 

CH=O. 57 O)~--& F;, = -2, 585 N < 0 J::: 0 -c. 515i:fJtJ.:5E-±. LfJ:l, \, 

F, 
~~;;f:-1V i-O)'Jj~J:t:fJ: ab 

n1 xAI> 

C11=0. 36 OJ~-& E'1 < 0 V>fc_tl), 51~Jt:JJ~;J::%1:: i_.t.;:1, ',. 

C11=0. 57 !})~fr Ft < 0 J>tc...t!>, '31~Jt:7J!d::~:i: L.fJ:V\, 

~, , , mxgxCR 
£~;;:f,;.,, }-;J)-tf-,-vltlfJ;t:)J; t"b ----~ 

nxAb 

C'11
000. 36 O)~-~ r 6 = 23. 04 ----+ 24 MPa 

(R=O. 57 O).:\i--fr r b = 36. 48 -----. 37 MP2. 



=-::. --c, F 11~~+ · ~~m~ -ftJ~~~ parts £Z. s _&ut:j't- 9 J: i:'.J, ss-too tT;~~t?.i! 
lt 66'C ;.:.J:3 tt -3 Sy fill, Su j~ ~~fdt::ffiiFl'!9 Lt::.. ii( t'.- Jfj !: ~, Ttci\:l.:. ---CID/:!E: L t::.. 0 

F = min (Sy, 0. 7Su) 

• Sy : fr_ 8 J:: l-J 40"C : 235 l-.tPa. 7S"C- : :;22 MPa 

Sy = 222 + {235 - 222) X {75-66) I (75-40) = 225 MPa 

• Su 4-0~C : 400 MP.a, 751: ; 381 MPa 

Su = 331 + \400 - 381) x (75-66) I (75-40) = 385 MPa 

1.!£:0--C, F =min (Sy, 0. ?Su) -=min (22.5, 0. 7><385) = 225 MPa 

;l;Mfl;;j{;J.; f-. 8~.'f~t.t NHfi_ttJJlj:J;A TO)JJ!! I) ~ fJ::O., 

f - 1 "i __f__ = 12g. MPa 
sb - -~ l ,5-J3 

0.36 

0.57 

0.36 

0.57 

0.36 

0.57 

50 . 

79 

24 

37 

<O 
(0 

83 kN·m 

129 ~1Pa 

MP a 



1.2.3. ;!!)!!!*Ill' (t~7A!&<i''i'ii!U 

< 1) t?4~'l:~u~.'.l'lffil!i 

;ft#it:.~1Jl8=ii~i.t <, ~ITT • ~~m-tftt;:_;Blt 0-7 7 ;z 3 ~~OJ~:s#:~it.IJ:ET Q b{f)-c' 

t'i/J:l,\?J5., $;?-_t;'~~~:a::1Tl:', '(;J;eti:w;_'.Jf;-'\='i:fll:ti,>, Jj:t~i;V;':tfl~J::~~iJ;f.t1,,'=. C ~ 

-ti k., 1\1! tfffii '0 Pl f.'i!'li'i\'i!ill.: --o c, -c f:i, Oti't · lltO!t!llA\1 ioi'l'!llJ. L, t!<Jl!'!'l'llli it-"'l!ii 

Lt.:, o¥ltllio:>i\'i!!', ;'J1±:.:Wl:Z.Gn0.:,;,~11ii.;v;n .. tc ('1R-2i, 

t 8pjO)ftjfJ:&;,~,Z~:2: 

PDi Di ij\3]rJ)dif_£ { - :nm) 
r~----

2SOJ-L2P P ,;i""{>!'l!li±:i:J ( 0. 97 MPa) 

=6.76mm s Ji!:?.tf>l'lll11'Ul!' (WC) 1.:;;,1t o 

- 6. 8 mm lt*'f (SCS316L) o:>a1\'515Jti;i;:i:J (!OSMPa) 

" 1 !<'Fllf-¥0M$ (o. 60) 

t:: t:!. L, t (f)fjit~~#~, i!iil'ii:M(f)~~'";J: t ""3 [mm] OJ:, -t O)fl:!!O){e~O)~if~~ 

t 0 1. 5[mm] f,l.i= 1:-t' O, 

(2) illrnH1Jl'1'i!i 

a. >iilllJ"'llli 
••~J:0EM'E--}Ycc&•~J:0R;E'E--/Y~~•mL, ~nG~~•-r 

0 .: 1: ;.: J: ~ E~Jol'llliit-ff -o t.:, Hlllil.:Jll' >tc~iili °"""- 3 - 1 1.:iF-t-, l'fi!E o:ii\';*, 

J&~1.: J: o>iifllJ'E--" Y H:t am:.: J: oRiE -t-" Y " J: •; ;J."' '· . .:,;, "' r,, ""1l'J L 

it1.t•=l:.:~-iif;f.Gtc (*-3-3)., 

.,.__!,._.! 

I m ili\H 'if Ji 

rn[kg) 
I· 

11!7J1JC:ifil& (9. 80665 m/s2
} g 

. 

H 

5 



iili~f::J::.Ofi:~;t-~ /}: Mi[N • m]=mXgXC11 XH 

§~{;::J:0*fEt-//}- :M1 [N·m]=mXgXL 

Z::'f-'/F 
(:<!clot) 

ty?.L'i\l'i< 
~:FJ!.!.7}::: 7 Y-'7 

t"? .L'i\l1" 
911l!l!*f$~ 

#/::1' 

b. 'it!ilo'l'1ilfi 

-0. 51 

0. 36 

0. 57 

0. 36 

0.57 

0.36 

0.57 

0.36 

0.57 

8-9,879 - 90 kN·m 
127, 32.8 -128 kN·m 
512,018 - .;:;13 kN·m 
810,695 -811 kN·m 
615, 632 -616 kN·m 
974, 751 -975 kN·t:i 
143, 165 

- 144 lc\J"·n 
226,677 - 227 kN·n 

2,086 -2. l kN·o 
3,303 

- 3.4 kN·m 

130, 209 
_____, l30 kN·m 

831, 804 
......_ 881 kN·m 

958,825 
....... 958 kN·rn 

175, 759 
---. 175 kN·:n 

7, 2-93 
.______. 7. 2 kN·;r. 

~-~~*~~•:~J::6~~~~~•nffi0)••~&1t~~~=~1:.J:ry, m•w 
!iEi ;C~jflj L tc, IHJlio:il~Jlt ll!l:!!i~O);j('JZi'OflltK J: 9 T"" ~ :IJl:J:i>tllli!OO)Ji'1J1'JJ J: ~ •J· 

2: t.- 1 -.:_ .!::: :ti~G, ~It L-IJ:ti•:::_ 2: t:'flt~Z \._,f;:_ (~- 3 - 3 ;°' !:,_::~, S 7 7 At§~O)~filtiC 

tt. t > ? .L"!ll.'1i~lci3c • -c±llll~"'*"'i'Of11\lc J: o 't'..., ~ JJlllJll:JlliliioJJl<j;j(fJ J: ~ 

;k:: ~ < t.;: 0 t::... ::_ .!:'.ii~!?, FEM t:. J: ~ t:. J: g }- 7 -==-:TY.!::: t
0 

:;,/-jj ---( f-.''0%!_S[t!f{iffi.a_.fi0 t.:., 

ll!l>!iB~O)~<'!Li'Orlltlc J: 9 T"' ~ JJ 

IJ?<ll!l 'lli "°'°'*'·1J 

g ll!JJ IJDiIBil!' 

F~=CdXmXg -----7 F
0 

! (mXg) = CH 

Fs=11Xm>-.g F"/(n:Xg)=µ 

CH *5¥1.frPJ~~tii!t (0.36, 0.57) 

µ l!i'!'!({,.f-l:i;: (~~/!~ ' 0.52) 

--- ---"---~ . 



c. FElrfi.:::J:3 1~7-=-=-?t/,!:: t:0 :...---JJ-4 l,~U>S!ii&:;;4'1d!i 

"'c ::..--· i::.1 _!,.,).&~-J~1-::t, ~t:1+. T;;ors :;:-flt: ;n_~ !;1)11)/::. ti> ti) r- 7 -=--:T:...--:::,>th;:.r 2: n --c :tJ VJ , ::z 

b.~~~~1=~l-.,~. ~~~~*\~i~~l:.~~~~ry~~~~~ili:0~~~J:~*~ 

< i.t. -::it~=-_ 2:: 7J• G, mtlr:i71fiJVi:f ~& V"'~lfI~JJ1r~:rWtfil ~ t~Jt G, :~ 7 ==- ~- :..--- ~ C / _jj -1 

:-e·oJ1lli.SE S:- PE:&" l:. J: t1-~ii:2.-J- 6" t~.t3. FS\! "E-7'-/!.---f;t, t:" :__,,-jJ .-{ ;-:~:. 0l· -.,-c i:± frffl\-P-10) 

rt• .S'.Lffii i.:::-/ _;o-_ 1J..-~-#-C, }. 7 ==- ;._:---- Yi-J: _·/ ~ / f'~~--c· Vi=-il!{ Lt~ UZI- 2 W: J!t)" FEkl t-=:. 

~ Q ~ffi'.:rf-1llli '1J$1i ,i:f':; t:' ~_/ jJ -1 :<i:tf!&Jif-tt-f~ ~ ~~Y:f.!J-:t 0 =- ~ k Afi.~;2 L. i~ (:R - 3 

- 3 )c 

F=rrXgXa 

( tTulrfu) 

(~ 
' .. 

F/2 ~\ 

(P°]fi'fi) (FE\!-=::-7°'-/VJ 

PJ]- 2 FE'd .::r-7·;1.---m:tt:: 

' 

F/2 



d. £~~/VJ, 0)5$0C~fJiffi 

lililtIDtlitlHi'i!J!!I' O)l~,'J!Jjifilfi1ii'!<!c li"li!l L -ciHIE.,, "'ti( L tco '' !illi IC l'l c 'tc li'l!iif.,, 
~-3-21.::i':To ~fful]'l)~*' ~Wt¥/L,f-0)5~.!Jrt>>:~{~2:i~~o.::.l::~t;"*~L-t= (~ 

-3-3)0 

m 

g 

rn[l<g] H 

L 

L, 

Ilf: 

H 
n 

A, 

" o" 
L, c, 

L 

~~iii~ 

!l!/JJJ!Jim:;Jr (9. 80665 m/s2
) 

!E{imlt• i::i.J>fil,t_, 1: --r: (J):fi!M 

~~#;v 1-- Fg']tf)7J:lJI.hrFillEM 

]Ii:{,' I: ll<ii!O"Jv "r.!Jo)Jk'iJ'1ili'lil!!/ill' 

'lll1'1J J:>fl'Jll-t 3 0E!i1'cCJv e O)i:1'1illi*;& 

£Jll!ol(;> "O);>;jij( 

£111!"''" "°''"'llliilii1JI 
Jk-¥/J!Plfilt~tSOC (O. 36, o. 57) 

"'"' 1''"1 lll* ii<!~' ( 0) 

"i:t;::_, ~~,t;ijiJld:, £1.TrT>~-c~!E:L-t.:." 

l/;icl\j{;v I- 0)1'f1'j:-tt !olllilt-n , (, ~ 1.5 F _ 
- ' L5,J3 

::_ ::_ -C-, F l'ifilt'it • @:~tf!t§. ft~!21~ Part 5 * 8 E:_V:£Z 9 J:: ".!, SS40D O)~j'~'[iil 

§t oott;::::)o !t D Sy (&", Su !ii:Z:..~YF&:fffiflfl l. t:. t1[ ~ff! tr'· T~C::t::: -C~!E" L-t::~ 

F = t:iin (Sy, 0. 7Su} 

• Sy 40't : 235 MPa, 75t : 222 MPa 

Sy = 222 --,- (235 - 222.) X (75-66) ! (75-40) = 225 \{Pa 

a 



• Su 40"'C : 400 MPa, 7-S"'C : 381 MPa 

Su= 381 + (400 - 381) x (75-66)/(75-40) = 385 MPa 

tiE--:>--C, F =min (Sy, 0-. 7Su) = mi-'l (225, !). 7X385) = 225 MPa 

lit.it*"'" c oo l'F '!!' iJ I '!!tr(;; fJ l:l:ii( To:> illi ~ ~ IJ: o 0 

• ~A..~ Y j-t{l)~ii (C1r=D. 57) 

ft 0 = F/2Xl.5 = 168 MPa 

f 1, = min(l.4Xl68-I.6X52, 168)= min(l52, 168)= 152 MPa 

• -Z Y 9 L.!&~filt·Ji!~j_J!7J<.?" / !T O)#Jif (Coi=O. 57) 

f 1c = F/2X l. 5 = 168 MPa 

f,. = min (1. 4 X 168-1. 6 X 30, 168) = min (187. 2, 168)= 168 MPa 

Jil<ij\*;> ~ O)\'f$'tt/vlliff(;;1Jl:J:ii( To:>ijji t) ~ fJ: 0 0 

· 5'111!.~~ (tY·?"A~,j"~i[) ;ft:Jifl 

f l - F 
,-b = .:) l < r:;

3 
= l29 MPa 

·-·v 

' 



•• 
- -~ w .,1~ N ~ slN 0 N = 0 0 
··~ M ~ ~ - N N ~ 0 
p_~ ~..,_j .. 

Tio: r ·- T w l • ,; l ,-_-,,, '>=--" Q") 1~ - N co 
r-;~:~;_;:-1 • I ' ----,-_:-· 
--~\~ N ~ M 

0 7 0 N N 0 8 <il!li! v -' 1 v d t 
v 

~ N 
' -< ,-i-

f~~ 
m G 

0 0 ~ - 0 - ~ a. ~ ~ 0 

m' N 0 ~ ~ 

M =· ~ 
~ "" N -b' 1~: - ' 
N ' ' ' 

~~~-
' 
' ' = ~ = ~ ' = ~ 

M ~ M "" ' M m 
' 6 6 ci 0 I 6 6 

~~ • • • 
' ~.~ . • • • 
r:~ • • • 

·[•i £\ 

I I I . 
ic 

~i~ 

" --
I :-.--'.;;,.., I I I I 

·,c;···~ 

i'---" --

·, .. 

I I I ;; ___ --,.,--; 

"' ,'ll'1 --- '------' 

' '''""--:-: 
- :,--,; -

L;i 
1~1. I I I I 

' ' 

-"'' 111 "· !!:: !!'! ;t ;,: -- _- -~- :<. ~ I\ cc~ f. 
" " "' --! -16 ;\ 

I *' 0"1E ~ ~ 1$ t\ ,';, i!l! ,,\ ~ 

"' !iii I "' 



~:ig; . ~i!flllllft ·• W!ili'.i! J:! ,g~!!l'. . 1'!!Hit i:l'~li. Jl':!lt 
(i_ 36 9-0 

'"ti') 130 kN·m 
0.51 128 

*i* t/'/A 0.36 0.36 
m~ 0. 52 -

>&!l<Vli o. 57 0.57 

i.-"' -+f • 
L.. ./ ,_ 1" ).;:' 

' ll'"'IGtJ 0. 57 182 
Syo=:l59 

MP a 
Su=459 

l 0.36 513 
' *'* .,,,,,j 881 kN·m 
l 0.57 811 

0.36 616 

"""' '""~ 
958 kN·m 

0.57 975 
;z:l('- :Y F 

0.36 33 
.,,.. !villi 129 MP a 

0.57 52 
~;,t,Y,;v l-

0.36 <O -
ij I 'ii< MP a 

0.57 2 152 

0 . .36- !44 
*it Oiiil'J 175 kN·m 

0 . .57 227 

t/?AP/,Uf i 0.36 19 
1t Jvtm ' 129 MP a 

~~Jk-5< ~ !7 0. 5't 30 
fi~;:f-;V 1' 

0.36 <O -

51 ll! MP a 
0. 57 23 168 

i 0. 36 2. l 
;tit iili:~J 

' 
7. 2 kN·m 

' 
0.57 3. 4 

t/?A>&1!1 i 0 . .36 6 
.,,.. !villi 129 MP a 

911~7.k~~;t{/7' I 0. 51 9 
£~;f,';t-- r- ' 

0. 36 <O 
51 ll! - MP a 

o. 57 <O 

11 



,, _________ . -~-"- .. 

i. 2. 4. 911~~~ cm= t s--9 A~~~ooJ 
(1) l)<@;j\;j'"7{jij 

tt'f4WJ'fl~;0it+ <, ~9'tt . ~~m:mi:::i:i1t 0 7 7 A 3 ~~O)~*~~JE:T 0 ·t,0)-c 

ti:f.t:,-•ti;, mi;ilr'~~~-3:"1Tl-\, ~Bi,hi£:Jfj-Z.~,ffi;t;,.', ~~:v'\.~t=-~F;-t,~f.t:V'.:. :!::: ~ 

* t-c., JW:ftt~0fl3fjijm:E~i:.~""'-c1:1:, ~~+ · ?$!1ktJlf&c:~~ :___, t&J!JW1illi~~1llli 

Lt=~ j'ffiffiO)~*=, r*IB::t::mff*-.G~0{J.:.~.;rflt~EL-t= (~-4)v 

t il1'l (l)fitii Jc£,,,, IL~ !< 
PDi Di D~OJF"Jt! (_.!llJ!l) 

2S 11-l.2P p .. /.li ill'ffl EE 1J (1. 37 MPa) 
~ 9, 53 s ""/.li ill' Ill ~Ill' (66't:.) l~:IOlt Q 

______. 9. 6 ttt4 (SUSJ.16L) O)t'f$~!~J;6}:: {108 MPa) 

" ' * 'F~ 'F (l) WJ"' (0. 60) 

!~t::!__ G, t c)fil1f-;;::.m-#:m. «t-6-.£~1])J.1>1f~;: t =3[mm]YJ:.. -{-o:J{ili.Oit;:~O):l-,i--§:."f:i: 

t=I. 5 [mm}£i.l:: c T 60 



(2J iiti!lt!JH1lli 

a. oii1lll'1'iilli 

••R~6E•~-~~~!'.9a~~6*~~-~~~&•mL, ~hG&lt•~ 

C =. l-:: ;.:. J:: lJ ~f!iJtfiffi 1-" ~Mil: G tco ~f;fii;::,lfl li \t:::~M: ;K*- 5 - 1 ~;:~T" Wf160)~ 

~. :!&~!.:. ~ {'.. ~f!J~-} / }- tt El :mJ.: l: 0 ~~=E-- ,-) / t- J:: •J 1!' 2' 1.t \ .:_ ~ti•;:::,' f:E. 

• Lt,c; · :c !'. '!'.!i1tR. L ft: (*- 5 - 3). 

L 

m[kg] I 

H 

g 

H 

L 

£1.rho~il'. (9.80665 mis2
) 

11'ltt"" t• G o:>1":·c· ol' -c o:>l!ilil! 
E1llt~.li\n• GiiU>1":·t· ;!'. -C0C'JlBl'il! 

flli_~!-: J::: -"5!1iii:f3'·J~- /. ::,...,.-- }- : M1 [N • m]=m :X'. g X C11 X H 

E:i.11.!l.::J:::Q~f.E=E--} / }- : M2 [N • m]""'mXgXL 

~=-t->o/A 
'l1! 'ill lit 

:;;j{ _:_.r::::/' 

?.~yf 

·sn~ -_-ft_ -,_L_ ---"Mc- Mi 
fKgiJ - - L:m)_' ',[mj-_ -.,c11 - -· ,[N·rn]· · [N~kl 

0.36 
143, 794 - - 144 !c\l·m 169, 194 
167, 7130 -169 kN·m 

0. 42 - 168 k;>.i·m 

o.-36 
3,839. 7 - - - -3. 9 lc~·m 6, 936. 1 
6, 399. 5 - 6.9 kN·m 

0.60 - 6.4 k:\i ·m 

" 



J. ~!(i!#JY !-- J)5$.j3f~ijZfiffi 

l111~~ttmffimJ£0)~!i!OC~+fiffihi:t::l=-~~ L --::-~tiffi~~ffiii L-t=" ij~ffi!.:fflt\f=~i@:~ 

*- - 5 - 2 i=-7F-t- 0 ~ftli0Rii5':, ~~~;f.-JV :- U')~§U~ti~~'.% ~ tL 0 ::. C: &-fit~ L- t;::. (* 
- 5 - 3),, 

m 

g 

m[kg] H 

L 

L, 

H 
Of: 

n 

A, : 

c. : 

L, Cv : 

L 

ilU:l'lflil 
!l!/JJ.lll~~ (9.80665 rn!s1

) 

J!'i'.g[li]/p 6 O)i!;,[,," <:'O)i€'~l 

Jl;lif>;J(Jv c r.i0)'1<>'1'1i:"11€'ill 
~·t·.!:: tf-~iJ~;l--- f. ~~J)7};._4£.Jj[iijie_Jtl_ 

51lJ'7JO)f~lll-T '° lil:!il\;J(;v c rDifliffi*li'< 
j;;ii(;f,: JV !-- O)*~ 

"ill*,,, o oo$ilil<JiiID'll 

*"IL 1i [OJ !It H 1!'11' 

m !lit> fi:l iit •1 i!toc 
(0.36, 0.55, 0.60) 

(0) 

liiil!i"';c oo:>11F'i'iil:~AIJi!Zh: J~, ~LS F c 
1.5.,,;3 

~~~·_;v}-UJ~'t'fl.51~i;tiJ : f;, =min(l.4/,,,-1.6-r",J~) 

.:_ .:_ "C, F t"!.~~t · ll~mf! -ft,fll.ffi;'.-X Part 5 P:._ 8 lkTY:;/k 9 J:: •J, SS400 O)~XITTmi 

& SO°C ~=.t:> :t 9 Sy f~. Su {~:t£mif;;il!ird1 L t=f@&-m !, ', Ttc.'.il::f= '(~ii:~ t=.o 

F = min (Sy, 0. 75u) 

• Sy : -:tz 3 J:. t:J 40't : 235 MPa, 75°C : Z22 MP;, 

Sy= 222 + (235 - 222) x (75-50)/(75-40)· = 231 MPa 

• Su : ~ 9 J:: !) 40't : 4C-O MPa, 75°C : 381 MPa 

Su = 381 + (400 - 381) x (75-50}/(75-40) = 394 MPa 

14 



{iE.-:::i-C, F = mi::i {Sy, 0. 7Su) = xin (231, 0. 7X394) = 231 MPa 

~~JV j-- O)~f$ijl~J:t:IJIJ:£A T"').\m ?J ,!: f~-9 0 

· m:.=:. t / r) .b.PJ!f"!i0:!~-~ (C11=0. 55) 

f: 0 = F/2Xl. 5 = 173 MPa 

f,s = min(l.4Xl73-l.6Xl08, 173;= min(69.4, 173)= 69 MPa 

£~#;!· 1' {f)~f$4±-NWfi:tfJ fi!J. T o:i:Jm ;J ~ f;-5,, 

• Mlll!ll'i II' ( 1'iL::: t > ? k '!\\ .lf ll'i ii') :It ;a 

F 
f.5 ~1.5~ ~ 133 MPa 

. L5v3 

15 
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;~-:~ - ~ 
w 

N ~ 
0 c ~ ~ ~ 

c '-' - ~ ., 
l 0 ci 1 '" 1 ~ - 1 

·-- . 
,\-_<;;, 

c 00 

\~f 
0 c 0 0 
v ~ 

1 
v v 
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~ 
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ci ci ci ci 
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l'l~ 
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4 
-t> :ITT[l: "-h ,\ i \ 0 
~ 
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· .. · . · .. ··.n£'W ~im.ur: . il'i\till( la . .'1<:#'.~. ~lli- >'I'~··· , ____ ljlj)l\ 

0.36 144 
i'f*: "51iil 169 kN·ro 

' ' 
0.42 168 

m:-=-e S.'r/ A 0.36 71 
~ Jv·ltlr 133 MP a 

"""" ll'i 
0 .. JS 108 

£il\>Fi~} 
0.36 (!) 

51llt 69 MP a 
0.55 (ill 

0 .. 36- 3. 9 
*It Oiii~I 6. 9 kN·m 

i 0.60 : 6.4 
I 0. 36 : 4 

:.R /7° 7 ::r '/ F it )-._,M;Jf 133 MP a 
0. 60 i 7 

~~~/\..·f--

I 0.36 <o 
51llt - MP a 

0.60 <O 

17 



I. 2. 5. ;;J,Jll!l!<l!< ff"""""') 
(I) !l\'@l~§!:lfliffi 

ttlCflfil"'lli;)'f'° < , ~H , llibtl!H&;ctc;1t o '7 7 ;z 3 tl!Millo:»ll'i<Z:iliiJJ! T' o b v-o-c 
t:l:ft: :r'tJ~, ~~ ;t.1: \~~~ ~i'Tl: '-, :fr~t~~ID~i,i _;t_ '... " ~~R;J}:Jm 1.:.~-&-t.i~ fJ: 1; ._ ::.._ ,!::" ~ 

am:if.g Gt:: a 1!E0 -c' ~**ili t;f:&'.,~fl"t~@'J!i}j'.1-*T-3 2 ~$ifi L t;:o 

(2) oolittt1.111JL 
a. £~;;}{/V }-- O)~~~ffli 

Iii 1"'ll't1'tl'ii1'>JJ! Ill O)~§!:i'I' Hffi1'$ IC !I'll! [,, '(' oif iiffi"' ~Mi [,, !:':, o'l'iiffi I~ Ill' '1': !JJ!dill ~ 
*- 6 - I !.:.;TT,, M'filfi;J)_ife*, ~lit;;J{;v !---O)~SiitD~~'.%2:~1_,-~:: t-.rttre Lt:: (* 

-6-2)0 

m[kg) 

H 

L 

in m~w~ 

g ll'fJ:tlllim.OC (9.80665 in/s1
) 

H 

L · £lt#'A c FIJCD7)<'J'jjcfi;Jl'fliljt 

L, 

nr: 

" 
A; 

CH 

Cv : 

_il,t,. ~ ~~ffi}V }-- fl'!itJ)7j( SJZjjfiiliE§fi¥.E 

iJ I *'1' CD!f ,ECIT o ll><!J1ii";c " CD;W l!li ;$:@: 

~~~;V I- O);;f;;:~ 

£!!1ii"i~ I- C')..,lllfjjjjll! 

7}.:ifZ_"::17fPJ~~t~1Jt {0.36, 0.50. 0.60) 

~oo::JJrti~ttett co) 

F _ 4 ( C H) mxgx(l-Cv) ,--mxgxHx, 
nD 11 

1 ( ). ·ii3ltt~*li:(v;Vf7:::i-): Fi>= L mxgxCHxH-mxgx(l-Cv)xL1 



£ilJ:;J<';i, HD!ff'!i'"ltfvWiitfJ o f,, = 1.5 F re 
l.5v3 

£iil!;f,'A cO)<f$51!1H1'/J of, =min (1.4/ro -l.6z-, ._1:J 

.:: :: C', F loJJtlit • JiUlH!!llf ttl'i:liH1i< p,rt 5 '!!i 8 &V'!J!i 9 J: ~, ;;ntiil.!l!' (/jl;i!l.) 

l:.;t:;tt9 sym, sufi«Yfflt;•--C~;:E:L.t.:., 

F = min (Sy, 0. 7Su) 
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llt 60\::l=:Btt o Sy JIL Su {if y1Jj![l{jjllf,, Ltc ful:K Ill'•, TitoAIC ?::iiit;E L tc, 
F = min (Sy, 0. 7Su) 

· Sy 40°C : 235 MPa, 75"C : 222 MPa 

Sy = 222 + (235 - 222) X (75-60) I (75-40) = 227 MPa 

• Su 40"C : 400Pa, 75"C : 3Sl MPa 

Su = 381 + {400 - 381) x (7E---60) I (75-40) -= 389 MPa 

1Jt;---:>--C, F = mi:'l (3.y. 0. 7S'l) = 'llin (227, 0. 7.><389) = 22.7 MPa 
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CH -*"/J~~tti!tJI (0.36, 0,57) 

µ Mt~lffi~ ( .:::i: /7 !J - ~ /~ : o. 40, ~/~ : 0.52) 

~~1*·· .. · l¥!pi;~ ~~!Et.·· .:i:~M: ;··~·; ' 
Wl':fi;l:• .· 'Jltl\! . 

' ' 
. '• -- ' - - :· -_ -

;t; '..'.-' ::7 7. "'il'J 0. 30 l.4Xl0::- 2.9X102 kl"'\·m 
*1* jJ ;:,,,1-<- c ~i!J 0. 30 0.30 0.40 -

t/r/ All&Jit~:'m: oidlJ 0. 36 s.2x10 1 l.2X10'° kN·m 

,,,; ""Jjf 
Tl$: 

' m1tt 0. 36 0.35 0.52 -

' ' 0.36 l. 9X 102 

'5ol!J I 4. 2X 102 kN·m 
~-=t/').b I {!_ 60 3.-1XlC2 I 

~!l 3'1' !liill: ~.., J1'i *'* i 0.35 0. 36 
~it 0. 52 -

0.52 0.52 



2. 2. 2. 1Y!JtlffjtY'.7.b.~iJ±=3--~-t¥tf:M!~ 

(I HA'iJ>i<!ii1UHli 

ttf~'1Ee~lli:!'t.; <. ;Jtilr · ll'llt!'i!i!\fc'131t o;; 7 "- 3 ii'!l!/iJ)'l!'it"'iil<i!ET o ic 0-c 

fi.t~v'ti~, ?R:tv"~~~~fii,-", ~~f.t~%-'?:i,1X..V\ @$ii:fk~J::~11tn~1~v·::. ~ &­

!'11oll. L tc. :l'fc, o/UH1i"' 3' 'll'd:i!ftil• G £'·'!!' r'lili' {i: Wlli L +:St f~ ftlili' ""1'f L -c <' o ::: 
I: 1< ilC!lZ L tc, 

[(JcJ)::: I: ;O• G, "1l1'1l!'f;t&;.'!lf t~1"'3'\'!iiiillt 'li:1'fT o I: lflilli lJc, 

(2) if1~1!.~1l!f 

a. ~01'1ili 

M•l::k~E•~-JY~C§mK~~*~~-~Yt-~•WL, -f:h6~1t-~ 

0 :: 1: 1:: J: ~ iliSillliii'illi {i:ff 0 lo:, t~'13. t / <7 A!\ll1'>lilll'.!\ll1fli!'i:l:'tl'L{i:llfll'JT Q * 
'/ ;7 c-;z 1J JV7'~- f-- .!:: f}:;bit-Ci;!.jlf~ 3-2 _:;:"* i:: ~ft# ;7 ~'7 7- 7J !V/--Z- 1-- 16 £-CO)i'f'filii. 

~-=t -:/ 7 .b.:J&-~fiiq&Jij;f,tJ:-f:hX:fft*ftT ~~1;; 2:: -&:b-tt-Cll&~i'& 10 ~ l: *i; 2 15 

(-*!l.) -C-~if{ffii{r~~ Lt=,, 

!'l'fillilcl!l\•tc!t<f!I'li:"'- 2 1 - 1 icii'T, iHlli"'*"*· l&il!F:J: 90i;lllJ~-7 / 1' 

IJ:§.ltt.:: J:: 0~~~- _;< / "J:: ~ _1j\ ~<tr~= c D->I:;., ~~J Lf~V· = c ~lire l_ t:: (1R 

-21-2)~ 

L 

m[kg] 

• 
\ 

H 

m !11\l!>ll!li 
g _i1fJ_tlll~OC (9. 80665 m/s2

) 

w ~.f,fm:!i (m X g _) 

H il!t-tifilt;>i:;.O)_m;,!:_.,*-c"g)iej.ij 

L ifiillliY:.e.iJ• G ttliiiE lll>L· ot <: O>lellll 

ct 7J<.if-hfi'iJAA'tt~lt 

[

'1Hc%0> l'it:>z:'f'1;t. T1'c'li:li!'Gt-t-0J 
v : ~iff1f, ~t:i~~ 

b: ;;j{;,.:':7 7--j}JY/~-f.., ~it' 

::tf!.:mti.::J::0~1ft1-=E--;i /}--:Mi Bi<. m] = mXgXCHXH 

= gXC1rX (mvXH,+11\xHb) 

EJ-mi::J:::~~-;:E"'f:"-;.I/'~ :~2 [N·;n] = mXgXL 

= (m,,xL.+11\,XL0} Xg 



'!/J: 2 I l i!!!ll iiJit / </ 1'!1'liltll!i--H~flHflffiJ!IO) illillti~iiffi'lkiil:t~lll\ 

.. ·~ .. ~ ... 

!ll'lfll'i I 32 

*:';7~--Z 
16 -lkN] • 0.36 

'l,·864 --> 

7.9X103 ~ 2 
<1Vli Jll HM•. - I 

(t >? "'!l'l'll1&i!1 
!l&JfJ:& 32 ~ .!::'. 

jJ 11//'~~"' 

;J~ ;:.i 7 ,7.. 

.... . . . • 1---1----1 

,. JJ/ll/'1i-f 16 l:liJ j; /~'/-\- r-~ 
:ill"" I,\ 

!l'l )11 !lli 

*·-p 

]f) -[kN] • 
1.: 1-"·~ 

' I. [kg] • 

0. 60 

··"-·---

0. 36 

0. 60 

0. 36 

13, 107 _, 

L4XJ01*2 

20. 3 __, 

ii!it1'1l'il~i • [kg] • I • I I 2. 1x10' I 
33. 9 _, 

* 1, :x,,,,, Y-JJ1,;<-;~.0Jllli.iitml!i~ 
* 2 : •&ill'±1§crJ*Sf'llli!liCTJ'J')tjl 11{ :; :7 .:z }J ;c-1<··· He f'i'J!JT "1 ~ VC!Hfffi 
*3 ;;J:7;777J;C/-cJk1fiiir~·'' (!i'l.il'i:l!*-:~;t·j') O)Jil1jfilj 

" 

0.60 
3.4Xl01 

18, 120 _, 

1.8X10'1 '"':i 

3, 775 -

3.7><10~ 

----

15. 6 ~ 

4.5Xl0 1 

. 
> 
:; 

i;; 

{ 
:) 



b. i~itJJ~{iffi 

-\::,; ? .b.P]li"~'IM.l!&ifi-~~=- --JV' -Ct!:, ;f. -;J /;TA jJ fV.r>:- I- ,!::: ;bb-f±:til!~ITT}(})7}::-¥1liJ 

m>c J: i.\ TA ry 1J 1'. lll'±llllliO) . .,,~:IJ~ Jo:t'tT 0 := /'.IC J: ry , ilt!!IJ'flffi~:ICJ;iJ \Jc0 l" 

'il!iOJ<li!ll. li!l>li';O)Jk'i"llflli:!c J: 0 T ~ 'J :IJl:l:mli!l®O)~~:IJ J: ~ ch'"':= lo;;, to' "' 

!t!JLii:!t'=-~~litnl.Lt;: (~-21-2) 0 i,t:k>, S :7:7Atll~O)tfiiffi-Ctd:, .tf!~IFJOJ 

*f'llf mlc J: o T ~ 'J 1J ;j\il{i!![ilii OJ.@;ili(:IJ J: ~ ;*: :§> < i.1: ~ • ili'litT 6ii'iJIU' f~ ~to:= 

~tr·~" ietJi&t-t--< 1:.1-aO)~m~~ht!: Lt;:.~ 

±tf!EireyOJ!f< :!:fZ?itr:mJ=- J: .o T----< ~ fJ 

1"±1""' 0) ""w; 1J 

m ill~'!UI: 

g "' 1J !Jll ®:llt 

Ft=CnXmXg 

F,_,=µ,XrnXg 

Ctt *f':l>ri'lil'otl~!!t (0.36, 0.57) 

F~ / (mXg) = Cr 

Fµ/ (mXg) =µ. 

m= t "/ '/ L~!f~i1_!J&lf±g:~;:_ ---Jlt ''""C fi, £~:;f,iV ~ f-: -C!ifil'.tE T_, '"Ct.-\ :S ::. l: i.r> !?.JS 

ii\,;{"" ~ 10 tE Ill To -tt lviltf llf lit iif 1' -tt lvll!i 11f 1": & tt,.,_,.:, := t J: ~ illiiJjfijlj & :lC!ll 

Lt;:.~ ~11,t;t:;:.- l- 0)~$-l:t Jv(t!Tf,ifmtt I!=!::$:-~~$~ : ~~E.o!tttl:~~-9:ttf~jt · ll'i1~¥ 

mJ ~=-~-~ ~ f:l;;:A'2 Jfli, 'tc..o ~-filll<J)t;!i-*., ;1;~*'11..-· !--- o:;.~tfni.:: J:: :t, ~~ii~ 1::: L-fotl- ';:. 

t: ~~~i?-Lt;:. (~- 2 1 - 2)o 

q ~mg(CH ~a)+n 

~ g(m, +m,)(CH -a)+n 

q0 ~0.7S.¢,,(0.5·sc a·JF; ·E,) 

q 7>;17-;J{;> "-:$:Kt1'!llTi.\'lt!Atlillf:i!t 

q,, 7 ;_./ .iJ - :¥ J > J-- - ;:ct- § J't I) 0) ~"f :?ff {t f--' J$Jf '.ff :i,: 

ell 7.k-¥h!iiJR~+~1!.t (o_ 36, o. 60) 

m m~1!!· (fl},l::~:ft mv : - kg, ~E rnb : II kg) 

g 1".:IJ"nifil§!' (9. 80665 n/&') 

a llMiilo!i'!lROJili"J!!Ziif>t (0.4) 

n llilili!.btc~ <1)7/;IJ-;j{;y c:$:!& (I;$:) 

"~ ' ffi.J\llllf!ltl.~xt-;- 0@;'!itf;l\!& (0. 6) 

sea: 7 :.----?J~;Fxv t-o::i!E~M,O)l'l;lfjij:fjf ( llJ rnrn2
) 

Fe ::::i :.//
7 Y - f-. filtfil-~~5$.!Jr ( I ~1/mm2) 

E~ ::::i '/-/ Y - ~ 0)-'f /-7'¥ ( - N/mm2
) 
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Ci1=0. 36 O)t~1f 

(1i=O. 60 O)~i} 

q = -l.6 ;:N--'> '1:t.Jv~~jt~:t~1:.L,f;:1t'-, 

q = 7.9 k~ ____, 8 kN 

qa = 77 4 LN---> 77 k.~ 

c. T....::. +; ~~¥fnfi 

i 

' 

;;&~.!$ C ~ii':t¥ 0):1:'.E~~i~~~t 6 T ~ !j iifi, ~'Jtf:O):i:li!ii:llifi!£M~~'f fii.:f-t:E ~db .o 
Newmark t:E.1:- ffl 1t ·, -C :i:tbT De ~-'11iffiz7)Jit.-*=T-"' i'.:J AZl~Pi@.EF"'90::•;¥f$1.i«'5:-i"mX.fi; l· '=. 2 a­
~EEL t~ (*-22)0 

·•·•••·•• i.~4',~ ..•. ·· .. · ...•.•. ·. :>• iwir~oi . ·.·· . *W:!ti: #il$ ·~~ill •.. •lir. 
'.. '" . 

~ffii~+fJJ.11• -f 0. 36 7.9X103 

I llii!t•J 
' 

1. 8X 104 kN·hl 
( t ~?A ~!k.li"~fi: 0.60 l.4X101 

' ' ' 'lik.,..'* 32 '* ~ Q_ 36 0.36 
i i!!!lil: 0.40 -

;j;" ;i7Jl1!)1r;\·· -~ 16 ~) 0.60 {i_ 60 

0. 36 1. 7X103 

~-t~+~--6' "'"'1 3. 7X10~ kN·m 
0.6 2.:::IX103 

(JI!= t ,_, '7 .A 'l1k 'II '!i;l!! 
ii<!lit 0.36 <o 

im_~~ 10 * C: ~--6' 2 i:J) 77 kN 
(;.f.;V } it );JWJ) 0. 6- 8 

0.36 2. l x 10] 

"'fl>• 4. 5X 10i kN·m 
0.60 3. 4X 10 1 

;iii Mo iitl1' ~ 
0.36 0.36 . 

~ih 0. 40 -
0.60 0.60 

-~f!j;·· l .'ol'OOi.l!Jf ?i<'J'j;IJ;; 'll'tafl .• .fil:;~ ,' ··.··w,~ . . . --. 111 Jl!t.,:t:t Ul: 

~~:tt:+:ti"'·', -1, ' I ' I 
(t / ':! -41!,J:llff~!I: 

T----<l?-t 0.60 93.3 494 ·~ l!&~i~ 32 ±~ ~ 

1 *~ yJfajJ,1t;·.'-t. l6 £) 

I 



2. 2. 3. ml A 7 'l /-ll?ff*=ft~~~ 

( 1) lllil!Fl'1llUfili 

7- 7 y S: l!Tlt I~ -coo 'c, l\\lill- • lltlJ!l!!t'\ l~ll'llll L, l,RJ'l'>l'ili ,;,*!ill Lt~ (~ - 2 3 lo 

t !~O)lit!JJc£,!!l'f.<Jli' ~ 

DiH p 
Di £~O:>t91Ii (.mm) 

t~ H ?)(l\)1 ( .1nn1) 
0.204S ~ 

0.86 
p iJi'.'.;j>cO) It]! (1.2) 

~ 

~ 0.9 
s Jilc ""{"Ill ililll!' (50°L) t::.;:!3:t .g 

tJH (SS400) 0) i+'l'l' s I 'lltit 11 (JOO MPa) 

" • 
ft 'fi:\~~0)»1¥ (0.7) 

tc..tC:. L, t O)j~Jj:@:Z*WJ. ifi;·&fitt:~O>~irtr t =3[mre] 0.1:, -{-O>{filt?)1}t~O)~-&t:;t 

t=I. 5(mru] JJ.J:: <1:: T Q,, "i tc., ~{'i~:O)ff '.fff.:.Lt L-f..:.~.~~ 2: :£1'5~-t -3" 

nil(ii" ··•··.•·.> .• •.·., ;, : > '/ .. · :> ':~fifti,~l.~; 1 ki*#iflic;.,,.1. '.~i!J!:t""1; 
A77/~Ttl Plf.5~ (tJl.1§:~) ;;/,,'1.ffi~ 3.o 25.o 
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-: __ _,:__~ --

(2) jij~~f1:~¥iil!l 

a. 2'!-~:G°JV }- 0)1§:Ji'.M-Fffi 

!i'ii:IDtttttffilJUlllc'i"'l!k L-Cl¥1illii?fi0 tci'li*, £111,cl(;v I- c:>"1!3tn'lr,t'!il "ho ::: 

C X?it~B L.t.:. <*- 2 4 ),, 

m ~fiJi! 

g !IUJ.1JJi!l/t (9. 80665 m/s2
) 

m[kg] H jJl1j'f iiJ;i)'i'; <!) JO'.l• ;!' C'OJ i§lillt 
L ~f<Y;rtJV J..rel'jf))7J<¥J5"rfijtfe~ 

L, _!1!,t_., ,!:: £~;:t;;v f- 00<7J7i\.iJZh~lle~ 

H n, 51 lll.J:J co i'f JllT 0 li!iill i';v I- "'l¥illii>:~ 

n ;li;@!~;t- }- "0)#1;& 

A, Jii<il1,Y,1v 1' °'"''"®ll! 
L; 

' : l : 
:'<,-----,>;: 

il;.IJ!zj{/V !-- 0').j!1BJt::1J: crb 

c,~ *-¥1J(i:i]filttt~-~ 

c, .t:i~hli'ilt'.iit~~ 

F, 

nf X;'\b 

,- _ mx gxCH 
~-ltt'i;F;V}-?Jit):__,.it'rfu:/J: rb =-~~~ 

nxAI> 

tl!U~ I Sl'lJi~ ~'I'll§ :?k'1z:!l.* J jji!l(io;. 
0. 36 I 11 

iJI ll': 
0.94 131 

?.-7 :; :,>&']';\I' Ji!:i!lcfJv " 0.36 42 
'ltk·~" 

I 0.94 122 

(0) 

'1$$lil: '1'fii 

439 MP a 

337 ~fPa 



' 

I 
' 

2. 2. 4. ~tr~ 

( 1) IJ11il>:'.i'iHit'1'1l:J 

a. ~C:if (~~) 

Uf4'1Eillllli'n'f.t < , iilt1't • !Uitl1!*'1c:l31t;;;, 7 7 7. 3 li!illl0:>!l!'1t2:illilEi' 9 t, O:J <: 

~;tf.t],\7.ft., ~::t~·~~~~fflt'. -1f:@7'£~%~i;fti*-.lt', ~~;tkff;;--=.~~iJ~f.ti.·,=_ t .a:­

?{!1~ L-t;:, f,\E-::; --C, n2:;g:f±&;;~ft:tl4~~!t K-fi-t 0 C~'f{iffi Lt;:" 

o!' tc, "21!' <ll :E !l!f±tll;J' G iiltH • lilltllMiHc£0 '°' lJilJ!l['1'1lt '!: :J>;!i!i LJc, if liffi !c ffi 

'<'f-=-~1ffi!.Y~- 2 5 - 1 ~=:'F-9., ~iffiCl)ffi.:W:. :iN~~Jt.II±J:J}=!itX. SV~0-:. C Y1it~i 

Ltc ($'-25-2), 

t ~Cl)~fjf_C!.l:;,~t"-W. 2: 

Do irOJYi-@ 
PDo 

Ji!: ""1'1C!'llE 1J [MP a] I p 
2S 1)+0.8P 

s Ji!:""f'1C!llilil!l! ic"51t i5 

Ht!fO)lff 'i\' ij I ilJ!J01J[MP>] 

" *71!1'CJ00)5"J$'. 

Mjll; ' _'.q~ Spb:. '*"' !""' J I' 1J no rk'.1 t 
·~i!f ,· , ,.. I'.Cl ' f+iP?l . l"">l · 11_ -- .- -~. ""1>1 
lii\'l!'CD 50A 20S 3US316L 50 0.3 60.5 I 1!0 1.00 o. 082 - 0.09 

~if® 80A 20S SUS316L 50 0. 3 89. 1 110 1.00 o. 121 ------> 0. 13 

i§C.if@ 50A 20S SUS316L 50 0.98 60.5 110 1.00 0. 269 ------> 0. 27 

l'iG'if® 80A 20S 3US316L 50 o. 98 89. l 1!0 1.00 0.395 __.,. 0.40 

j'!iC,'lf@ 50A 40 SUS316L 50 0.98 60.5 ' 110 1. 00 o. 269 - 0.27 ' ' 
l'iG1'r@ SOA 40 SUS3 l6L 50 0.98 ; 89. l i 110 1.00 0.395 ------> 0.40 

l'iG'!fell SOA 40 SES329J4L 50 0.98 89. l ' 1!0 1. 00 Io. s9s - 0.40 
' i 

1 i3tf® lOOA 40 SCS329J4L 50 0.98 ' Io. so1 l 114. 3 I l!O 1.00 ------> 0. 51 
, ' 

l ~fi(Qj 125A 40 ScS329J4L 50 0.98 • ng a I l!O 1.00 0.621 ------? 0. 63 

i l'iG l'f®l lQOA 40 SUS316L 50 0.98 • 114. 31 110 1.00 0.507 ------> o. 51 
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c . ·. .. .j - -: ---
. )j;j.,f>!)jj ~""~j;j . ,.-;;Jll!l'1!';' . ' - - - -

.~i\O._(,.,,,. ~!~,· -P-~ ·:z.;_11. .~lit> 'tf.;I] (Mf ,;) . ··~·<:1;1. {,,,;i) ' . 
- ----- - ---- - .:-. ; -- .--- -'.,"-

-~- - - - ---
~'i'CD 50A 20S SUS316L 0. 3 50 0.09 3.5 

~ig;® 80A 20S SLSJ16L 0. 3 50 0. 13 4. 0 

~~([} 50A 20S SllS316L 0.93 50 0.27 3. 5 

~ii® SCA 203 SUS316L 0.98 50 0.40 4. 0 

i§C.~(2) SOA 40 SUS316L 0. 98 50 0. 2-7 3'-. 9 

i3W® 80A ' 40 SUS316L 0.98 50 0. 40 5.3 
' 
' ~ SUS329J4-L ~ifCT:i SOA ' 40 0.98 50 0. 40 5. 5 i 

!'j~if@ lOOA ' ' 40 SUS329J4L J 0.98 50 0.51 6. 0 

~i:il'® 125A 40 SUS329J4L ! 0.98 50 0.63 6. -5 
' ' !'!~'ff®' lOOA 40 SUS316L I 0.98 50 0.51 6. 0 

' 

b. ililE*- "- (i!!Hil"1l 
IDt~t · ~~3:t!f&J:O)c:'7 7 A 3 ~~'~MT-Om.JE:a:_,~5E-?-0t,..t.'l'+<::t1:f,c1r•n~. *:¥.to:> 

<liii_,~, EE.1JZ-~~L--Ctt!*~~JEGt:::_L<:, i:ffi.*-.V"~~&ft!:'. ~;tlt', ~ill~ti'.:!f& 

t.::::~~t;>itlt'= C.:Y~~T9" f;t0-C, IDJ±;t;;-::::zt;;:, £-~tJ:tn~5llt&-~:::<11fL--Cl·'0 

t ~iiffi L-f<=o 





1. 1 ~m 

C 1 ) ~~~ 7 7 /O_)i1¢~i$J!L& LFiif,J~:Jt 

(a} tli~~lt 

~~7\ / f :..rt.::--::>l:"-((-;, T_~ij.it~~~ ""[.#j'i-flJm!i!i.R 0<'16kf'a) ~J:Jj~ L, ~;Tiii\tJ:i,.~ 

:_ :::: XW'.ili 1. -c:f.:i v; , -H~%.-7 .,,,. YiJ)~fEJ:.;t,t::. '? +:B-f.t-~~5Yt,~1"1i 'c...- --c v' -5 c ;N 

( b) "'*l't 
~J~~ 'i 7 /1)ii'iif~ii.t1-fiffi l:'. L --C, ,-JEAG460l (1987 if.Bl:'.) J :t-~ffl L, 7 T /~fi!!;_f~ 

-'i- r- (TJWV-(iIIl:rH-J tL~ t£:t.:>, .~ttk:: 01r '-cf'±, rttm~~: 'tfl!:t'5j-f-J::.u)oot~ c -!7 'i ;z. 

~tW!~.::@ffl;?":;tt_,.r,,-j\J1£!JJlli~)J (1 )}~: D. 21G) ~Wffl L-t--~ E~:f.1v f.O)ji''ftg.J.i.,:1J 

:= ~_ll; •-C l"t. i!t.ITT:tk~ D !-~Jolt ~~:@':;;t)J X .iiiffl L-, ;ff1:.--- !, OJ~'liffi~,i;t.~J:t lOO"C C l. 

t=-~ ;J~JV \-- 1 *~ /::_ l) 0)-<jj *f~-';-l~C& tf--tt lvlfJTW"m~ff{d!J' L t-::.t1;%, *JV i' t.:.k CQ 

s1~&r..11:~1v~-fi!ffil;1~~m!fl;.,J r-e~ 1;, :-J~1v t- 11>1'iltfi'?i~~n'5=t1t:-iiiaB 
Lt=. (~-l 1,S-00),, 

F - w(c,,+C,)·h+M, -W(l-C,)-1, 
b - l/2·n1 -(!1 +!2) 

F, 
6"1; =-

A, 
Q, ~w(c, +cp) 

Q, 
rb=-­

n ·Ab 

' p• 
I.Sf, ~1.sx2 

p' 
L5.f; ~L5x LS,/J 

F" ~ min[L2SY,0.7SJ 



-

;1r, 'f' , ''I 
!, (, 

-- --- -- ,-----

CH - 7f:'f)]fi'il~iil-:S:li'. (0,21} 
c,, -7 7 Y!!Zll!:l~J: 011!:11£ (I) 
MP . -;;·;· /fPl~l;::.J: ~J~< :7~ 7 Y !-- {IN· mm) 

;.m,c_,i: J;H!o>J'JI" H"io)ig!l{! (.mm) 

OW•c'/'. J;,ll>i''" cFciO)l§illt(h<hl .mm) 
t!lif;f,;v f-O)lfji-{,'<1-¥ .mm) 

J, 
h 
d 

.!l:ll'#;l-- c "'*" <ll 
§liJ;1Jo)j'fOJll-t-0llilil\#;l-- "o);Hlli*l& ilJ 

W1·J-liiii~ 6 ~£, ~ -e'O)£EM 
w : lll tt ® !~ It ill i -!.>10: • 
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'7J~~il~!ilfft1::;; .h Q::. !::: , & 7-,°'*-'f" 7 ?' i;~ A f-- //-"X~ "J J:.j'f~t."-.:.. C O)~{rtli~f--y 

0t.:_e tt.~. ~Ef~.:.----:01\-ci±, lffil~'i&~t'$::1£:fin+J:.J_;fii.f~C ~ 7A'filt«ff---~,EH~f7~ 

Q :P-(t:.1:111!~1:i ~2, 3 ~-"!* : 0. 21 f;} i.: J: 3 ~f{Jfi~ff 0 tc,, 

a__ ~JV I- 0)5!ili!r~11Ji& L1'~ft1!~f{iffi 

:il~Jl-" }-'Mi;tftfftllii= § t::.. --:i -C t-:1:, JEAC4601-2008 X>'r.ffl L, ~JY }- 1 ,4:~ t::.. 9 <!)51 

li;lli !ll:lli. L'it !. ~ f,lt 'Ii; f" Willi L- 1':, 't <Nii Jlt °" '" I- I= :lo ;:, ;:; 1151<& V'it !.IM'li 
:ID:Lttl''.EW.filt~ T<: .:t>;; ~J , :.J{,i:.,, f-- 0)5!1i.!J!ti>~il!:~ iLQ :.. ,!::: & Mi.W L- t::. \R--9 $00)" 

---- -------

!if{~ c !7 7 _A ~ 1jU ~,"" JliJH ~ it :0 

%m #<tic );[; fJ f<!J;!i ~1¥J~~tJ ;.: J._?:: tflib 
Je'E (.;:'"'[NJ fi'!-:ff.f,ij'fulN] 

515k {'f',~Lf~t-\ 200 
2 " R -rr J,_,,tf,f l19 200 

515~ 1-t _g] L-f~ l--. I 2843 
J A, 0 

-f± /vfl;lf 447 
, 

l725 
' 

;;J~1vt--1-=1tm-.t--!':---ttl_,1!tfif:: Q= CH ·m·,r; 
n 

F= C 11 ·m·g·h-m·g-L1 

n1 (L,-L,) 

12 



r·---------·1 

I 
l .,, ! c, 

~--+-
1 : . -i 

l 

:n----·--f~~:.,,, ~L)------------·-----d 
T ;& .,.."'-.. -~.~'----,,,,~--""""-· -

>i<;~~ 

b _ =\'-f A -9 * iJ l-Jf1H1-iiffi 
:;\-f .A?' il~@Jfi;T -3 Jifi'.iJi.:::i'.:t L-, ~1JL:. J: l:J ;;\- -y A;; ti; A f- 'i -'"f'tdJ~E* 

l:J l:if~~-.. •.:. t 'ii:' jJOJ~J tJ ~it 't:.J: ~ ~t£:.... /.:::,, -t'if)*fl*, JK :J .1:-.tf .e;XP.ill::·±. 
t'J3'r ~ltY.i2:h, ~~~O)jf8;t{1!:"1'lli60" J::~1j-..z'::::..':.~7J>G, :=r-r-A'l'lT>* 

IJ J::;f;.:J:Je:'t Lt,t:.-',: ~~pt~ Lt.:_ (3t-10 $00,)Q 

%m *"' 2, J A, H 

m/c-ik·g 

;< f- ';_//~~J!t ! * ~ Jc;f'Jii:ki>i;J!: 
GO" I . $~ 3?'' 

Ctt : !k¥hPi~~tmW.. ( 0. 2 l ) 
m: ~.y7,9~tjt( I J 
It< : *'J l::.!·f{,,'f'.ijl:-K:".t~! ll::&')~ .X ;... j ,{<1):!1~Jl'~m:( I } 

13 



4tit..'.1f o) .f:'..~m_,;,J 1r' ~ ;,-::: :t]- !~ --c 1-'IJ itJ-=;;: ~ 1.--1:! L -c ~ \ ~5 .::. .!:- 1.--~:t-~: L -c ;t-__; t'J , JM T­

~1 rffrf:~1M-/f A 'bf Iftlil;l:f!T. i .:.;.:3j-J 0 i<e:J+-l 4:;{!:f:: i-.:.j.i L, +'fJf_:".'#-@'.lt r:;! ~ ~ L -c ~- -, 0 2 

:>;;Jf';f-.;-,;:: (=ft-1~ 1'J:J'.#)c-

~~ft_;~~ ~-'l:~:- ~~Mt:'-0- 1: [/) 
fl.1£LmmJ ~~ 

mm I &:;,ggm ij>,IT: ~ r mm-: 

27.2 r1Jf~ 2. 8 0. 5 

60.S f--Y !TI 3. ·' o. G 

60.5 r1J ffcJ +. 3. 8 0. 5 

: '.39. 8 f--Y !I! 2. n 0.5 

::i9. 8 f-Y~ :i. 4 0. 5 

:10. 8 p:Jfil 5. 0 0. 5 

216. '.-l f-Y~ 6. " 0.6 

260.0 jiJ JI;'.!_ 5.0 0.8 

267. 4 f-Y~ 4. 0 0.6 

267. 4 rl'V 6 " - .) 0.6 

( b) ifJ~f-l: 

flij ~ Jk G"ifl]J,f.<. ;/' :'l I· r::t :! )-11';:!( _,,..___ :'/ ::~/~u>fil l- \ -C-lf '~]L.:. {;f;i:J+J l- --:;:- , \ 0 I!~, ~I}) ;]if f£: ;--t -7 

/ ~:/ ~- V 7- <~fl L f=- ·7 V "\- /~f-;V-'f- = --/~ (Sl."S tit) · Y Y' !--- ;i:- _::<., ( / 9 ~ / 

ii<f) • :VJt~'i#>ft--f l:: f/f}d ~ti -c .:f,; it) :lit!'.Sf ~{'\t\_:_ J:: 0 tr,~. t-: rt-) J l::t ~ :'.:t l f,;':: '~ ~ *- .;:) ~ 

y 7 I- ;jc:-- /, :tast~ I . ~~~ )Jl fi';~~ ~L;lttt> f_t \, 'M*i=-c· ;\;) 0 i>, j_Ei~iifTi::ff~ ;.:_;.:3 ~ J-

7o) i.iti kt '*'.J:2.~!r#-t--1i '· ', 1-i- .S. t;-;tJf;--'\_,~~ f;:__ r, '-;-J'; 1't\'.::. ::-:-. ~f@~.g :_____-cl '0 -.-=:. ,_!--:: t, ~>, 



( b ) :ru:t~i':t 

-';."". ,;.' ]~ 0- A ;J, -7 [....- ::\" ~ !:::" l) 'i- { <t+,- L_, -c J:J i) , t-lli.M'2£:\f i-= ,t .;511- ,€: l__i::-1.L: t; ( ;!: 

·JC"i"' LJ'..t;,,!:::~:t:__,_:h.~)~ 

7 V :'f Y-:~/11.-- ;~ -- 7 i~l~.'.i~ I- • ~~:;: t,ti.tt:.: ~C.:>i«tJ> It i.. •t'4~"'2' }; 0 ?)~, it!i '/¥;j~f~tkt!f; 

(.::..;t.:.: •t ,::; ?~ 7_ t •-btce:;tt::.~* 1:fi'1,," fi .P: t; :&-'.Jf5-'\->/.~ 7_ v '/5' t;: ~ ':: }-:: ~~t;g l_. -c-, \z, -:::. 

l: :J' t_), . .f:'., ~!tf~:i~:J:h.'.tr -2:.-;:t;' L- -ct • 0 iJ O) .~ -""':J~'T--i- 0c 

7~~~~~~-~IJ. 7~~~~1~1~~L~~~. ~-~~~~6~§~ 

f:t) J :~t Jef-j-o l- ftt 'l: --t5 ;{. l~) i·t ~c 
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1. illlmlil!!l'. 
~1'4!& ~ i11 t, lll:h ;<-1!;3<\iil!liil±, 'to::> !lli£1!' 'OJl.>3<\"1C1'1liil!r.H~l!!HRr 9 le~ :i:. 6, ¥3 ii< 

iil!\ill l:l:, f JSME s NC-I cli\ll!:lll!il\ 't-fJ Oltlii!!!lil iil!iit . liiiil!!O!!\'I J 10 ;E"" "nt~"' @:r 0 illtit 
<'>Jt,(Mtt'iOJ'l!i'.<D#!l!'n' 37mBq/cm' *iil0"1'.'i?6::: I: n• 'Oil!illl'*!'f."'iRlill i: f'1'Jili'f1ot r,;11,9;;1, ~ 

l;l'l!ilfjgO>t~;;;t-ff; ', l'J~f,0;1!'7!)-'\"!lil:i:.' '. ~~~illllo J'l,iOt<t,,,'::: c t'il<ii!!T 9::: !:: ".', 

&:-'ll't,,illlmlil!t t'l'JT 9 'loo:> clfflliT 0, 

2. i'i:9tt 
2. 1 ii!;;f:JJtc 

:lllifoflli< ~ tll L fflj) /'-<1>J!:\3<\1iltliiH±, J!:\3<\'l<i!Ui\ ~;b 0 c "7 7 A !!l !li "'lli:ll!'.clit 'Oho ::: 
!:: b• G, -NJ-lll'mll<l 2ll'l"l'<DCH""tt1C1i!T 0 il!itt !:: To, 

2. 2 ±:~~~0m~mJli 
fJEAG460!-1987 JJl\'t-.1J1!l~flilit!<JRiittle\i<!WfJ "'ieti'<!ll l,, \ii>OS!!Jl!' (L 2Ci) f~ii!;-0 

< c£~$o::>~1!lJ;;;<1:l~1Cii'P, C "7 7 7't!l'1:iOOiilfl ... tterllT 0 biD 2[1'fiffi'9 o, 

2. 3 li' 4 %1*.il!'f'ilit ~ tll Ull;tJ ;<-jj\3<\iil!liW>lit!!!!ott 

2. 3. 1 ;zm,m • jjpJ!WIOOiilf!l\ltt 
JZ~ · J!pJJl.jj/lOOlitl\lttlffiffi i: VC, f JEAG4601-1987 JJl\ 't-fJ ~liti'Jfiffil;;_iil!fittle'llfJlltf J er lfiO 

Ill L, *·U · l!•l!!.i!!!~cT>i'/ill€ll~<Di~'ii!ier"T~to, tJ;:iS, !li!El~--oP-C:l:l:, lit!!!;i!li'lt'ii!':l!t 
t~iitJ:OOlitl\IC 7 7 7.;;;t-lcil!lll <';'1,ol~B'lll!lll<fJ<c*<iilCl'ito'l!fo o. 36G ICl*ll' Ltc, £ 
lil\<Di'ii!'J<llilo::>iff '.!i'J;GfJ i~--:> c '-n;:, !l<ll' t';!l!i DIC :I'd 1-j" 0 iff Jif lttJ er~ Ill L., i'ii!Jlill!W>lfiffillil 
!tit 50"C <': Lt~. ~<Di@ll€1lil<1>'l!' !vl!liltfJ IC!fllli t, toali*. ii!;il!<1:li'ii!llilllllc'E G-!5-t!' /Aj\'f 

i;GJ:J 111'F'.ll ll;J:J J!J. T 'Z' ;!>; ~ , l!;lil\<Di'lml'llilOJ<i!tn'llilJi\ <'; '1. o ::: 1' IC lil<ill! L to (:ft 4 !$ !lll.), 

0• llio:-&ii< 

L 

!ZI I "'!l.\l!i! • l!~!l.\l!!!<1>lif*JR!f'i!li'ET Jv 

• ~!f-fi!E$f:1Z : ~O)m~ 
• 1',1:-T9;11j'Jli:: Jl!li!ll>illi: / J!J;l.'11! • ~~ilii.!mlll!l/Jlc.;:of,lflli: 



;j('JL :15'!'10:>-ll: !vitTTJ Q. ~ W ·g ·(C, + C,) 

71<.Ijl.:1Jpjl])·J:t.A.-'it'TJ:t/J ;;8 = ~ 
n·Aw 

W(kg) 

2520 

n, 
2 

Sy(MPa)* 

211 

W(kg) 

346<) 

n, 

2 

Sy(MPa}* 

211 

w : l!!Mili!l~fP.lilT~>llU!: 
g : 1':.7J~3~.~ (=9. 80665) 

h : !li'ittiliit•[,JO:,t•;l;""('O)j€Jll 

M,. : i1'milll • JJe!!JJ!llEI""'·= J: ry 11 < ..-- :1 :.-- r-
*1£iit~ti:5~= Mp ttf'Effl LfJ:t., 

1, : i1'1!\1ll · rFl!\illl:ill:,t•1:£ll!a:>i'l'llJif:l'llr>l!0)1€!1Jl 
1, : "'mm· JJ'-!!it,~:;o;,t . .i-~O)Jl'i!Jl!llllrJJO)l'e!iJl o,;;;1,l 

n, : iiili1Llfii'iJO)-ll: !vWiJJO)fPl!IT <'.>~O)l'lJ!!ll!!lllo:>~~liffililiBil& 
n : Ji!<Q\a:>i'l'llll'llllo:>liliml& 
,,,, : £lil!o:>fil!ll!l!ila:>Wiilif,. 

c, : lk'JL Jf"'1'51''1-!i!!J' 

c,, ' '51!\l!ll • JJ> lilWl!ll<!I! 1: J: <> !i!!J' 

g (m/s2) h (moo) l, (ram) 12 (mm) 

9.80665 86<) 305 34E 

n A,. (_mmZ) c, c, 
4 353. 6 0.36 0. I 

Su(MPa)* F {MPa);-r, 

394 114 

g(m/ s 2) h (mm) l l (rum) 12(m.'ll) 

9.-80665 1130 365 425 

n A,. (nun2) c,, c, 
4 353. 6 0. 36 o. l 

Su (!!Pa)* F(MPa)* 

394 114 

2 



,,,.. ...,\ 

. : , . , ... ~_ .. ., 
~ ?1"*11 41 

.... 

il!\1*1' 1'F ram*"" L i'il!l<l!i w l\ffll';1i; IS H 
, . 
\.ID.!II) 

iZSJli.~ 50 

~'llil.m 50 

fA T !~ /';"' de 0 'C ii£!ll.illl<Drr:lf:ii\\\l'il ~ Ji'i" o 

<J!:tlJC-fJ> 

(m.'"!) 

10 

10 

Q, W ·g·(C3 +Cpl· hT Mp - W ·g·(l-C,)·l, 

.!.n ·(! +L) 2 ~""f 1 .. 

{mm) 

10 

10 

(f) c1>;. 
[(HI r2) l 

(~) 

7. 071 

7.071 

2520 x_ 9.8066 Sx ( 0.36 + 0.09686 7'1) x 860 + 0-2520 x 9.80665 x (l-0.0968679) x 3-05 

l 
:,x2x(305+345) 

4465.45 
12.6303(MPa) -13(MPa) 

353.553 

Q3 =Vt-• g •(CH+ Cp) = 2520Y 9.80665x (0.36+0.0%867-9) = 11290.5(N) 

'tH=~ 
ll·~A..w 

11290.5 
4-x 

353
.
553 

7.98360(MPa)- 8(Iv1Pa) 

3 

f'6tfk$ 
i!!rillflJ A, 

(mm2) 

353.6 

353. 6 

4465.45(N) 



>~Jl'[:!JPJ 0)-\t !vitli!&fJ r , /: 71< lZ :!H<iJ <J:>-lt !vitliJ:/;1J c , <J:>Jii:kli!l:i.>' 13 (MP a) I: t~ {', 0 

<~Wi;t-JJ > 
l'f'@L/;;1Jlc01v-c1;1:, '1i~!ll>:i'"fJiilt1l/H;l!li\ !\tltt- • Jli'i'!l!fi> (JSME S NC!-2005) iCJ:o 0 

F ii, 1.2Sy .!:: 0. 7Su O);J-.2:'.i.•fi[J) 0.45fil0 

- , ~-~ F . ll4 ifT'.g-tf-rul'o>1V(.,>/-J=~xl.S . ~xl.5=65.8179(,MPa)-65(1'-lPa) 
l Sxv3 l 5xv3 

Wl'!lll:<t~i!!$ '$-OL HH .cttJlll.~ 
'.ll.lii!l;tJ oH'f.!1;1J 

(\{Pa) (MP a) 

il'c!!M!I 
Jtlil!(l) 

11>ll<ll!l 
85100 ffi"i -It A,11f 13 65 

~e.!ii.ll!I 
tl;lil!O'J 

11/.ll!lill 
SS400 tH"l it!vWT 23 65 

2. 3. 2 7 4 _;V-!7 .::t.::::.. ".:-' ~ ifJifift•tt 
7 ~ Jv7 == / !- (l)mit;;!ttiHffi /: VC, IJEAG4601-1987 ii'.'l"1J*~l'fiilil!l1iltlitttmlllf+J 

"''i'lll I_,, 2. 3. [ >lt lo: ll'J1ift(l) h'lt-c'ltlil! O)y,lcJ<'Jiil<DW!'ioli £-IT 0 to. t,;: ;;, 5.IJ!'IC 0 "' l:l:, iii! 

J<Oltifli'~J~tt J::(l)iiij~ C :? 7 7- iiltll! lciil!ll "'j1, '5 i!'fi'JJl!ll'!t.i IC #diH::1"'fo it f;:; O. 36G 1':1* 
ffl L J:::,, ~iitO)}"i:jj':tffi(l)r'f-~f:tfJ ~:: 0~ -.--c ~'±, {tt:fl'ltl\~D i:::t:; i) Q ~~W.bt1J ~~,~ l-, fti-~ 

~~(l)ffiilliilii!li;J: 50'C I: l, to, !il;lil!<Dmill'llil<Dit A,11f !1;1J 1t:if1i!li l, to'"'*· l!iil!<Dll\'lll'llilic'E 
\.'. '5-lt A,l\.lflttJi;l:ff'l'\'lttJ8 r-e"' ~' £lil!(l)/ll'jjl;Jlll(l)Jl<Jirn'lil<l~«!;:;c,;,::. I: £-Jij[jj;g L-tc (',!< 

9 $,'!&), 

··-· 

-"'"' 
" 

+ ~fiffiOOtL : ~(})ti~M 

• 'l<Jlti" <>f.li':;f;: : .1!!1Rf.li'm 

! 
I 

! 

i 
i 

·-·-0.-·-·-·-~·-· 
I 
i 

Ii . 
'f / 

! I ,, ,, i 
' 
' 

4 



Jl<'!L1fn'J-lt!vW[JJ QH = W ·g ·CE 

Jk'!Lj;fii){t fvWf f,(;jJ TH = __g,,_ 
n·Aw 

W('tg,I 

4139 

n, 

2 

Sy(MPa)* 

211 

W(kg) 

3600 

n, 

2 

Sy(MPa)* 

211 

W : l!!ftilil!Off/lli"5l1Hl 

g : :ll<JJ!Jo~!l!: (=9. 80665) 

h : i!!ftililn'Glli:4'.."t-i:o:>lelll! 

1, : 7 4 ;i,.5 =>-= ~ 1-lll·L'i: £1i!\o:>i'im;l!CF.llv)l'!!f!lll 

12 : 7·-{ ;V;)< ::z.= 'l J-. .m:.t.~t ~O)~'!'f!H'il.lCJJ!§.111 (l,~12) 

n, : t.lill:1"rP1 (7)-\t ivWI JJ (l)ff /ll i" 5 li'1il;(l)ll'rl>Hlll"'l'tfiffiWil'iili 

n : li!;lil\(l) i'iHJHlil "'1!li ~rlll: 
A. : ~(l)f,l!j1'$(l)it1i!iltl! 

c, : 7k'¥7rrP1;t;:!tl<Il 

cl' : fctUihrRJ~~~.!Jt 

g(f[/s2) h(mm) 

9. 80665 1471 

3 A,.(mm') 

4 353.6 

SuQ(Pa)* F(MPa)* 

394 114 

g (m/ s2 ) h(mm) 

9. 80655 1326. 5 

n A,(mm2
) 

4 353. 6 

Su(MPa)* F(MPa)* 

394 114 

5 

11 (mm) 12 (mra) 

1043.4 1856. 6 

c,, c., 
0.36 0 

11 (mm) 12 (mm} 

1010 1240 

c, c, 
0.36 0 



·- -~ _ce-~;~.c*; .. ~,~--~-~-----"_-- : __ J -- --- ·----e-:-_ 

W(kg) g (rn/ s2) h(mm) l 1 (rnra) 12 (mm) 

6215 9.80665 14"4 1012 1238 

'" n A;r{mm2) c 
' 

C, 

2 4 495.0 _o. 36 0 

Sy(MPa) * St: (MF'a) !S; F(MPa)* 

211 394 114 

_, -l'h'>h--
' ,, .... 

,> 
' . 

' ' ' ' • 
' ' ' 

l'ii'!Jl'lli:" L J'il'jj'(tij w m~r\ii 2: H 
(}) !' l'f. i@jj'(Jlll 

i!!i~q;.r- (mm) (mm) (mm) 
[(H/f2)} lf(lijjji A, 

(mm) (mm2) 

~5U./-f11-J:i=-:i" 
50 10 10 7. 071 353.6 

(7° V7,;J~:'J) 

~7f.74it';.=-1} 
50 10 lO 7, 071 353.6 

~"i'-71>~) 

lJ>%.7u>?101 f 50 14 14 9.899 495.0 

6 



!:! Ti·: ft<ii !- V0'<~'!<(7.; ;v;I< 100 c;; 1- (:/ >7.; 1v5') O):;t;il:i/llf'< '!"if'-<-. 

<~t'll'..&1;11 > 
W ·g·Ctt ·h-W ·g·(l-C.,).t, 

nr ·(11 + l2) 

4139;.- 9.80665x0.36x1471-4139x 9.80665 x (l-G)x 104-3.4 

2>. (1043.4+ 1856.6) 

Q -3595.96 •..,=-'' = -I0.1709{MPa)_,.-10(MPa) 
.<\.w 353.553 

QH =Vil ·g · Ctt =4139><9.&0665x0.36 = 14612.3(N) 

QH 14612.3 . 
TH= n ·A., 4 x 353_553 10.3325t_MPa)- Il(MPa) 

-3595.96(N) 

'8'1:/J!PJO);f" A,.!11fll;jJ r, !'. 7J<'P"1iriiJO)-li' A,.ilif,\(,;j] r, O);;:jl:@:;!,l II (MPa) c f,t 0. 

<af-WJ&h> 
ii'\''§'J;/;;i:J I~ 0 C '-C l:i:, 'ii\!lilll@'r fJ10i'll!iJ!i!i§ ii\tiit • Jiltii'l'!l!i§ ~JSME S NC!-2005) I~ ,): 9, 

F fi, 1. 2Sy t o. ?Su '7_>;J' ~I, '•fji[O) o'. 45 {'S',, 

F 114 
r. xL5~ ----,;;• 1.5 ~ 65.8179(MPa) -65(MPa) 

1.Sx:~.:i 1.Si<.y-3 

~1illi%1~1m'I $1ll. f;J:fit II,; jJ l!!l!l' 
jfl:fjJ:tfJ ~$frt;1J 

(MP a) (MP a) 

~'A74JV7_:i::=.y f. £lil!:O) 
SS400 f§~ -Ji' A,.l'f 11 65 

(:1'v7.; •v?') ~llii 

~w;_ 7 4 JV)< =1--;. "/ f. 11;~0) 
SS400 j;§~ %/vl\lf 9 65 

(iSJ~~741v;7) mmllii 
~P'A7 4 _rv7 .:i..:::. y t- !l;~O) 

SS400 tll~ "It /vl!IT 11 65 
r&ml$ 

' 



2. 3. 3 y 7 I- c')mfjllfl'f. 

.Y 7 I- c0iIDl!'lJS<~!ii ." VC ~W/11'.Jiil !llHi '!'- .i :..- !-£(Tc I~ o£JJO.Xfllflllfli!0~iilli1<fi 

0 t;:o f~:f.J. ;ii:.~ 1= 0' '' 11, ilftJRN'ot'!lfJ!EJlj;)t ..!:: 0iift1'! c 7 7 A ili'liliKl!i Ill 6 ;h, 0 iit>~.lil! 
JR.!Ji=4'>ii'irfllt= 'lf-tc o. 36G oa:11Ull L-tc, .Y? H1£'1".X1"c·11\\\ (l\1: 11) J: ~ {,1J• 6' •r.i~i:! 

"xl'li-t- o:: /:: "iltl!H'coa:l!l>WT o ttii!ii" ib o, 
f~:t3. ~:!'fl& D ttl L-Jll;lJ 1<-"'10 !1 '7 H:l:, Jt>'f.+l& ~ t±l L JIJ :ti /<-0 Y v->xl'!IJll'\1!11!' 

oa:f1JJll L-'''o (/ti#'l<'N- 3 - 1 I§ 2. 2 i!'!!lO. ? v- :..-.Xi'!f!ll!ll!ffllf:t. ititt~:!'f- 4 -

2 I ''*l'f l& ~ ti; L-Jll ;tJ ;<-01\l;~llt!l&Vilili!fttl=llll-t-o'*.llll• J "· £jj0Jl!!!ll!; Ss l=MT 
ol!!!R>'.:'il'J!'itrroa:;1>1"! L Jlllli t.,t,n ·:: I: 'i:liUi< vi::'• '5:: i- t>• e,, !till illii&*'f 7"-1v~l!i& 

li'Jil~11i,.;tt"'' •, 

A 

illl 7 i'! .Y 7 hD'1'iillicc7' 1v 

• •'1'1i!El!lliiL ' Ply 7 " 
• 'l>;\\1:-t- .;,Jilim: , !ff!Jl'Jilil!l: 
• n';l:l=!llPoJi<'<t 

9 :m:1= J: o l'Fll'!fil.lll !ll!if't-·" > l-f.\ Te: -t-0Ili'<x>'Jr.1M1 

_ /8 · l\1x· 1 0 0 0 
L-~ W. g 

Jl!!J!!il;: J: o 0~11!!'1.Jlil Sllif 't- ;< :.-- 1-Ll Tc T 6.!!<lf'.Xi'IF<irii\ 

L = 18 ·My· 1 0 0 0 ~-1-
, W • g CH 

Wf-Wtll:lift-~ :J. :./ J-.. c '.i)~t'i~Jt i!:: ti: 6 

..l::Wi'l:!:NI< I: 

Il'l"xl'!lr,iriil L 
1 

I W·g W·g 
V1000 · 8 ·tvlxa +ctt1000 · 8 ·lV1y,; 

8 



A 
(mm) 

llOu 

850 

M, : *¥1.niiJlll.IW!l3lf'E-I > f. 

M,, : 7ke':!Jl;';Ji'f$!fil!W!llllf<f'E-;< > f. 

My : j;)iJ[/51PJlll.!W!lllif't- I> !-

My, : JidiJ[/51PJof$lfilft!i!lll<flf't-;< > f. 

w :Y'il-~~~&~k~Mt 

g : mtJ!Jai*lli'. ( ~9. 80665) 

B t w Mx. 1\.1 y ~ 
(~) (mm) (kg/m) {N • mm) (N • rnrn) 

llUU 1. 0 66, 3 13371009 133711JOY 

850 1. 0 41. 0 12835422 12835422 

J,;\Tl~iWll'~mV'> I IJ;J'il:ii'T. 

< iit:ll'li<ll'Y-1"rll Ml> 

L 
1 

I W·g _W•g 

~l 0 0 0 • 8 · Mxa +CH 100 0 • 8 • f\1y,. 

1 

CH 

0.36 

0,36 

"'~~~~~~~~~~===~~= 10998.?(mm) -10998(mm} 
66.3x9.80665 66.3x9JID665 

1000x8Y 13371009 +0.36 tOOOx 8x l3371009 

l'l'fifixt:W y 'i I- t.t'l'f 
li<ll''ii:~rm.11 

(mm) 

ILOOXllOOXLOt li'ii\1!!!!£$6·!(;01;'0~1!< 10998 

850X850X 1. 0t li'i!!i!!!:>d!O 01!-Ml!< 13703 

' 

L 
(mm) 

10098 

13703 



2. 4 11! 3 %i\\!?IM1Jli( ~ tll l.. Ill -JJ ,<-li!,%.'5tfli"'ilillll:tt 
2. 4. I lJF.!!lll!\O)il!)!!tt 

jjp:ll,j!<O)jfijf<f'F.~ i: l.. -e, r JEAG460l-1987 Jjj('j' ;IJ',illitijfitoUit'1-l!iPIHiiJfb .a-'!"lll l.., jjp 

Jl\illO)Ji!C!J.\*!v 1' • Jli(fi*JC f-O)jffi!i.a-'i'-oto, t.<:13, li!/tl~'?C''Cf:i:, i!fl;!i\\l; lil"l!l'Jllilit 

_lcO)i!fl~C 7 7 ,e<i\\lil!iOi!ii!l 2':11.oDa<Ji:ll\!VJIOJRrlf.a-l'i't=-ttk o. 36G .a-l*lll l..t=. "'~"' 

JV j...O)rf''.@=f.ii.ii:&Lft~ftj-;f.;V f-O)~~J;t:jJ;:-:;\,>'"(t'J:, ~fiffim.!t SO't~ Ltc._C> 11;.s;JF;v f... 

Jli(fi ,r, 11.- !- "'tt lvrtc · 51 ~.a-a1lli l.. to IS*· £lil!o!( 11.- " • Jli( ft*'"· " :~ 1' i.: o ilill!' · R::JJ!± 
!'H\'1.-;;; T<:i>; ~, J!;!J,\'1(1v !- • !il!ft# ll· H')lJ!Jlil'lii1*2 :11.o:. 1: .a-!ltJ!ll i..,t= (JI< 13, 15 i!$ 

J&·j:f"#1V ~ 

~lit#1V I-

L! 
h h 

L 

• !fJiffillil(lL: : J;;!J,\'1(1J..1' • !il!1t'1{;J.." 

h 

· "';t:-r of.1111< : '1'!1i!j\!jllt /jj' !i!.llllillt!i1Ji~ J: :o wll!' 
• it:li' fO IE«' o Jl,(i\'.; 

W • g "(CH +Cp)• h- Mp-\V • g '(1-Cp)• 11 

Q., nr·(lL +1 2) 

W : lllH'tili!IO flollli" o lliJI!: 
g : filn~o;a;;.l!' (=9. 80665) 

h : i\s-ft ooll• '> ll<·t· :!' ·e"' lelll! 
M,. : JJelll.ll!\@l~!oJ: ~iilJ< ~-/ / 1' 

l!iJ/iJit*;v c • ]jji!f;Ji;J.. )-]l'l!O M, [:l:!'f!ll l..f.<C" 

I, : lJF!i!.i\\!ll!'>i:.·1::£lill'f-ll· 1' • l!ltft;Ji1v H.iJ:J!ei!I 

1, : ~el!Rlil!:i°•c'.".£!Jl#;c" • l!itit>f'Jv H.!l:D!Bi!I (l,,.;1,1 

n, : m'fffilc51'.IJ.a-'li:lt.3;Ji1t.- f-:<l>:Jl.r 

10 



W(kg) 

4250 

n, 

3 

n : :£:*JV t-*~ 

A, 1 lliiii!"'1v 1' • lli1f'f"';v 1'0:•:!liEfl 

C. ' Jl< 'Jl ;If riiJll!t Hll !l!' 
C, 1 jjp~l!l:!llJI= J: 01t!J!' 

g(r.1/s2) h{mm) 

9. 80665 1688 

n "'(mm') 

8 113. 1 

fl. T lOITJl°i!!f.'l.~i'T, 

< IT'l'1il'"' > 
\V • g-(CH+Cp)·b+h-1p-V.' • g ·(1-Cp)·l1 

nr•(l 1 +12 ) 

11 (mo:) 12 (mm} 

1074. 5 . 14-18 

c. c. • 
0.36 0. [ 1 

4250x 9.80665x (0.36 +0.1 l)x l688+0-425Qx 9.80665x {l-0. l ]}x] 07 4.5 

3x (1074.5+1418) 
--908226(N) 

Q8 = W • g ·(Cir+ Cp) =4250xn0665x(036+0.!l) = 19588.S(N) 

51 <!tl!U'li Q, l:l:"< -{ T 7 2 fJ:0 tc >'>fl'."I l-fJ:C •, 

1±' 1vwi-m:m ~ fi 19oss. s (N:J l:: i.t t::t , #Jv r s ::<t>:-r'I& i? l't~t stL--:: 1: \9::. ct:) s. ;;]{"1v r i * 
"'tc •J l\'i~l:l: 2449 (N) ct~ o, 

~l<iMi>t 
J11){ll.* t1N 

'1'1iffi :!Jt!Jl!U'£ (N) /;;;: "1'.'lfl!U'£ (N) /'*=* 
Ill.!~ ,,, 13 -it !vlili 5151[ -it /vi'(li 51""' 

ll'il\~ 
Ji!;~ 

:(iq_m.: fFJll 
SS400 2449 

l.,f,tl, \ 
3900 4900 

;F;V f-

11 



~---------~~ 

W(kg) 

2220 

r., 
5 

Sy(MPa)* 

241 

f( Ti·= ot:il:i&\11'. li:il'T. 

<lft:ll:;!;JJ> 

g{m/s2) h(rnro) 

9.80665 9()0 

n A,(rnm') 

10 314 

Su(MPa) * F(MPa)"-

394 276 

W • g ·(CH +Cp)· h + Mp-\V • g '(1-Cp)· 11 

nf·01+l2) 

11 (mm) 

528 

c, 
0. 36 

2220x 9.80665x(0.36+0. l I)x 900+0---2220>< 9.80665x (l-O.l l)x528 
5><(528+652) 

-173.132 

314 
--0.551375(MPa) 

~ = W • g •(CH+ Cp) = 2220x9.80665x (0.36 +0.11) = 10232.3(1') 

i;; _ QH 10232.3 
H -~ l(b<

314 
3.25870(~tFa}___,.4(MPa} 

0 

iJlliJt.fJ 7 ., ;;t" -1"r ;<. /: f,t 9 t= >'>ff'lll C,f;:c '· 

-ii Jv;yf,i;L::iJ -r t1 t:l:, 4 (MP a) .!:: ~ ::S,, 

<ff$Jl;tJ> 

J,(rnm) 

652 

c, 
o. 1 l 

l 73.132(N) 

i'f$J1.: 1J iO 0; ''Cf;:, ;;.!till Jg 't' tJJi)1filll;!!j;!; ;;;titt • !0!;1bttJ!fli. (JSME S NC 1-2005) i·O J: o, 
F fi, l. 2Sy ~ O. 7Su 0)1j, 2; t. •{L 

_ ,..,__ ...,._ F 276 
t'f:e.51~~·1J=2xl.5= 

2 
xL5=207(MPa)-207(MPa) 

F 276 . 
r;;- x l.5=-----,;;x1.5=159.34S(MPaJ - I59(MPa) 

LSx-v-' 1.5xv3 

!filEM~ 
llllflL tt*'f 

iffili Jj.tjjJl;fJ (l!Pa) iff;f;Jt;tJ (MPa} 

il!!ilil 'lH! it Jvlt1 iJ I 'Hlt "'h,.l!Ji :n~ 

~Hl\J1,\ 
l!i1ii ;')'Ill 

SS400 ;;t:/J 4 159 207 
~JV"'.- Lf.tt-' 

12 



2.4.2 7-.{JV7;i==.y f.V)it-~ 

7 -1 Jv!l =o=. '-' f. G'J'ilf!~t:U¥illi I: \., -C, f JEAG4601-1987 IJl('J'-jJ'!!J>O;ll'iii!Bil!it!l'>li!Jlftt J 

z;,il'fa!l t,, 2. 4. l J'.l!c jii]ti'G'Jh'/*-C~*'" f. • JlilH M fy f. G'J~¥1illi~l'T 0 f=. t;:t;, ~/j'l.:c--=> 

,,,-,-Ci!, ffiitWB~if-1tt~it J:l])ifif~C / 7 AID!;1ijjji;:Jlffl 6h6fit-1¥J.ffll.~fJt;:#;~kt>ftcitic 

0. 36G t-l*lll L.t=. £lil!;i(Jv f. "'"""""""'"-V'llit Aj' ;i(;v f. G'Ji'f $Jt;;IJ IC 0' '-c I;):, lW{ail!li.JI'. 
5D'C c \.,f=o !!ill! ;J(;v f. • llitft ;J(!V '- G'J{t !vltli • 51 '*~~lilli l-tdlill'. £li1!#1v f. • 11'1.it;J( 

JV Ho 'E c Q Jlii!I!:& V'Jt: 1J fj:it'f $JU,J T "'il:"J > "'"' ;j( !le f. • 1"' H ;j( Jv " G'JllU!r t'lil<11* "'h 
!>::. c ~liUI?. Lt= (;it 17, 19 $'-")o 

+---I.,,·------- --

J&#;f.'.;v f-. 

.:lifll:¥1v 

L 

h 12 

L 

• Hfiffi${ll: : £1itM1v !-- • ®-f1:RJV !-­

. ~1lT-5li1ii!: : ±l!!J<w"' 

. *3f:t;:fil!,-\{;~Jt 

h 

Q, w · g • cH· h-W • g ·u-c .. >-11 
nr·0 1 + 12) 

QH=VV'•g ·C'H 

QH 
'1tt =-­

n ·Ab 

w : t3Hiliil:fflllT9"'ll 
• : 1":1J~a'"1g (=9. so600J 

h : t5ftiiii>'-Sl~>L•"* t:O)ie;iJ: 

1, : 7.fJv!l=o=.v f.lll:{;-l:J;;Jil!l>l{;vf. • 1"'f>J>t1vf.c.ll:Ui'eill! 
12 : 7-1JV5';i;../· j--fil,t,-.C.Ea'iM1:--}- ·J&-ftj'~;Vf.:"~:J)jl§]llf 

13 



c~---',-_-- ~-: 

n, : If fiGJcii I llHi: Si: It :t,;!< ;v !<*°!!!: 
n : ~#.;v !<<$cl& 

A,, : tt!l'm1v c · J&ttm1v I- o:>llliili!fll 

c. : *'!";I,- fo'ilii'<3t~!l 

c, : fq-ji[jj"fFi]~~+•-~ 

W{Kg} 

6110 

"' 4 

tt r1~tt'.!Jilll.\'1.~il'..-. 

<n'.!Jwm> 

g (rn/ s-') 

9.80665 

n 

10 

W • g • l~H· h-W • g .(1-C")-1 1 

n:.\11 + 12) 

h(m_11) 

2020 

Ab (mm2
) 

113. l 

l l (mm) 

1221 

c. 
0.36 

6110 x 9.80665 x 0.36 x 2020-6110 x 9.80665x(l-0)x1221 
-------------~-~- = -2S-28.87(N) 

4><{1221+1704) 

QH == "W' • g •CH =6110x9.80665xl}.36=21570.8(h') 

51!i.1Hilim Q, fj:7-{ T 7 c f,t:,O to l/}fFJll Lf~C '· 

12 (nmi) 

1704 

c, I 

0 

--ttJvWfOO'IQ8 1± 21570.S(N},!:f,ti), ~;Vi-- 10:$:-C-!RIJfi~TSt"t-"Clt\6.:.l::-iPb, :;f,'.1vt-- 1 

;<f:"l tc ~ l'lf]l;I;:: 2158 (N) ct~ 0 0 

<WFZ11ii:it> 
jff$;1';1': (it !vWi : 3900 fNl. 51'li': : 4900(N)) !:l:llt1'tl@: 

!l'Jlli"l:f!\;~ lll\ili'. * 
il'l'liffi '!>l±!lilim (K) /;<f: ft$1i!iil (N} /:ZS:-* 

ttf'f 
"'El 515l -It !villi itl-.,ftT ij I 5l 

~~'A7 -{ ;:.,;:? ltil' 
SS400 '"'" 2158 

fF!!l 390() 4900 
:i.:::.. 'l }-- ~JV I-- l_,f,f__!, \ 

14 



@7 --{ !V )l" :i,;::. ';-' f-- (J)J&ft/.f{;V J-. ~1)iJW9tt3J 

,.. 18 7,,, !V" "'-=" H'.:lJlj({g;!{J:, 1'1iili'i 
W(kg) 

1150 

n, 
4 

Sy(MPa}* 

2'1 

fJ -no ;tt-;ll: ill\11' ~ii'T 0 

<>t-.;t;tJ> 

g C-n/s2
) 

9. 80065 

" 
8 

Su{MPa}* 

394 

w. g. CH· h-V.;. g ·(I-CV} l1 

nf·U1 +12 ) 

h(mm} 

1100 

A,(w) 

l l3. l 

F(MPa)* 

276 

I l51}x 9.80665x 0.36x l IOO-I 150 x 9,80665x (1-0)x329 

4x(329+329} 

Qv 287.083 
' ~- = 2.53832(fvIPa)-'3(~1Pa) 

v Ab 113.l 

QH = W • g •CH =l 150x 9.80665x0.36=4059.96(N) 

QH 4059.96 
'Ltt =--A-= 4.48714(MPa)-' 5(MPa) 

· n • b 8xll3.I 

'll'il/6/J r, l;t. 3 (!IPa) cf.< 0. 

-E"JvWfpt:.1J T11l:i, 5(MPa) Cf.CQ 0 

<ffWtL>JJ > 

11 (rrsil) 

329 

c, 
0.36 

287.083(N) 

12 {mm) 

329 

c, 
0 

WFW.i;t;JJ:t.:01 .. •-ct:t. ~g,fflw+n~mm~ ~ITT. r~m~ (JSME s NC1-2oos1 ;.:i.o" 

F ti, 1. 2Sy C 0. 7Su ©rj"~ lt "ilL 

F '>76 
~~5:~JJt1J=2x1_5 = ~2 x1_5=207{.1vfPa)-207(J\.1Pa) 

F 276 
1f1'f-tt !vlf!'M'.;17~ -------r;' 1.5~ ------;:;x l.5 ~ !59.34S(MPa) -159(MPa) 

1.5xv3 L5xy3 

lf1lliM'®!l!i~ "tf,l_1[ tt:i'f 
>l'liffi JJWR;fJ (MPa) ~~f.tj}(MPa) 

"1:§ -tt !vlt" '!I ill ~ lvltJT 'Hli 
llf"\7 .,- Jv!' lli<M SS400 r.t.JJ 5 3 159 207 
.;i=::_::; J..- ;t;;v J-. 

15 



2. 4. 3 ?' 7 l- OJilil'-"·l'E 
?' 7 1- OJ!i!l!l!i'U"!iill /: Ve, ff Wlfillffi !1!11f cc- .i Y !-£'-T /: fJ: 0£11!<31',,,F.!rni!OJi'illi l\:D' 

0 t~, fJ::IO, ~!l!' IC -:>C • c !:l:. ili!!!!ii'i'if!.'!i'1i'J1'it J: Vilill!1 C 7 7 ;<lilt Iii l~ii;lll 6 V, 0 ili<fl'Jll!l 

11ti;c~miri<¥tc -ti:t~ o. s6G '"'£lflll Lt~. ;f 7 1-1:t£i'i":stfllr.iMi (* 21, 23 lli'l!!ll J: ~ 'b+ 

6 c •F,!1!111-i:''ii:J'\'T 0::: c Tlil!l:l!El\:lli-1%-t 0 lti!lif-i:'ib0. 

tJ:t0. :lit:f..fllit ~ ti: L Ill ;i;p<-l'J 0) ?' 7 1- l:l:. 1'!:!!!11i~*'f 7-Jv J:lc~i'.Ji'. L td'.P::: i: tH?. 

1"J!li\1'ili&'l'i-7-;•~ili<.Rfl'Jii'I' Ii~ ;t tJ: c '• 

A 

ll5I 7 fiJ ?' '7 I- O)fll'illict7 '" 

• o'l'fillillll!JL : fil 7" i-
· "< Jf:-t <> wli • lllllllilfm 
· itJJic!llC •!>!!&>\; 

ELmlc J: Q "1'$.!'1!..!ii !l!Hf 't- 7' ;...· I-[.( T /: T 0£l!'x¥\'llilMI 

/8 • Ivlx· 1 0 0 0 
L~V W • g 

ll!l!!!Hc .l: !> H$i'iUilla!!ifct- .i Y 1-D. T /: T0£l'l'<;c"'F·iiil 

L- f-8 •My• 1 000._1_ -v W·g CH 

~-Y'.El:!Hf.:C-7 ~ }- 2:-©00{¥tt{:~;_ct,t t~Q 

Mx My 
--~--~1 

I\1 Xa I\!1 ya 

I 
L 

I W·g \-'V•g 

,100 0 • 8 • t..-1xa +CH 100 0 • 8 • lvly,, 

L : £l!'x¥¥r;1Jr;o 
M, : *-'l'-:lo'"J&Ji!i!llHf'l'-- /. / 1-

Mx a : 7K-¥:1J:P!ili=-$ELti.iE!Btfrf~~,.; / l-

My : taia:h~-~1EBl:rt~~~;<. / f-

16 
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rv1 y 8 : wa UlL:lf~ ff-'@: ~w BB i :r vf-'E- .:" / r. 
w o~?c~~*~~~ry~• 

g o ll!:fJtD~il!: ( ~9. 80665) 

CH : 1K¥1JrPJIDttt•!f 

A B t 

(rmn) (mm) (mm) 

1100 1100 3. 2 

900 900 3. 2 

650 500 3. 2 

1100 1100 2. 3 

1300 1300 1. 2 

1300 1000 1. 2 

1100 l!OO 1. 2 

900 900 1. 2 

700 700 1. 2 

<A rl=ot;ll:;®tl[O) I llH:'1'T. 
< :; Ji:.!!: l1!>5':1¥fill fl!\ > 

1 

w 
(kg/m) 

16L 0 

132.0 

85.4 

127. 1 

148. 5 

126. 1 

101. 2 

67. 9 

53.3 

Mx. 
(N • ram) 

380135185 

364014675 

262049779 

144288561 

23486326 

22241400 

22662712 

21816667 

20975522 

L~--,=~~~~~~~~~~""'=~~~~ 
I W·g W·g 

,1 +c vI000•8•1.1xa H1000•8•lvlya 

1 

My, 
(N • mm) 

380135185 

364014675 

300286515 

144288561 

2:1,486326 

23486326 

22662712 

21816667 

20975522 

Ca 

0.36 

0.36 

0.36 

0.36 

0.36 

0.36 

0.36 

0.36 

0.36 

--;=~~~~~~~~~~~~~~~= 37633.2(mm) - 37633(mm) 
16l.Ox9.80665 161.0x9.80665 

IOOOx8x.38013518:5 +o.36 
IOOOx 8x 380135185 

17 

L 
(mm) 

37633 

4{)€.71 

43643 

26033 

9740 

10334 

11589 

13882 

15364 



l'l'filli%1~Y !? 1- *if* 

llOOX ll00X3.2t 7:f JI--/-\..,:::. '7 A-:$: 

900X900X3. 2t 'ff JJ...-/{==- r/ AM1Ji 

650X500X3.2t tf fV _r'-i. =-- ij .b, jfll~ 

1100Xil00X2.3t jJ JV/-\_:::..1/ AM-m 
1300X1300Xl.2t tf JV/'\..:=. i) L.jpltEi_ 

l300X IOOOX 1. 2t if;L•<= ry .b:ljf4Jli: 

1100Xl100XL2t jffV/'<..:::.i/'Al4Ul 

900X900Xl.2t jf ;V..>':=:. </ .Afii]{R 

700X700Xl.2t if'"'"= '7 .L-jj!!Jli: 

• '1'filli~~ffi: : 11.Y 'l' r 
· ~~T 6f,1Jlll; : Ji!!J!!f,IJJ!i: 

+ ~-~=-ffll,,•.Q~;t\: 

El lll: i: Ji!l:e "'int\ G t~J!l<.tiil El!Jif 't- ;< 0/ I-

W L 2 

Ivl=~1 2+c 2• · g ·-
:-! 1000 8 

M 
-~1 

M. 

J:ilcil:;"'M< i: 

L : Jikll!'xl"IFJl?i<! 
M : @Jili!l!l>f'E- ;<>I-

" 

&l'.i!'x1'rr.!lr.i; 
C'Ilfll) 

37633 

40671 

43643 

26033 

9740 

10334 

11589 

l :l882 

15364 
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~7° l,;-..- !-- _A 7· ::./ l/ ,'.L,m:m D (IVAS) 1 17S 2 404 2 176 

. 
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~fl 11l f;t t4 
il'f'i11151J 

IK5" 

1·7";t/ 7, 7· / "' "'j~ 
#\ 11Hkilll 
D (!VAS) 

llll 1V: ¥t !'I 

l-7::-..:i->" ;z T :-, v 7, iP1J 

otfl:"'1!1! r t·7=:t~~1 
( ijlj;): : MP a) 

-'&:1151J 
--· ----

1Ilr.!t0 1J "1t Iv l!li /,(,; :1J illliff.t:IJ 
jjj;[li[1i5;1:J I: "1t /vl!li 

!it tJ C0*M15'-tt 

~t'.1111!1 il'f'ij:f.t/1 wei:ll! l'f'iflt}J n.1:111 !'f !II"" ;fJ ~l!Ho ~if.1J:f.t;fJ .. ._,_ 

13 590 42 341 81 501 96 591 

W!'l 111 !I! ( c ,, '"' ;t / l 
(li!i!l: : MPa) 

-tr. l· .C:'/Jc:i'61J 
ff!ffi;-&tJ ·-··--

IE5" l±Wilc;tJ itlvttff!{;;)J illl lf/,1;;1) 

wt1'111!: ff;ffJ,t;1J JitjijjjO gifJB;fitfJ !t:ll: ii! il'f 'II re 1J 
tit Ill :lk t~ 
D (IV AS) 

13 590 84 682 163 1182 
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3. iij;"'Jti' JJU~lll "i- ..- 7 Y Ill x:l!f '¥; 1'l 

3. 1. iltiWl'li1' 

i5J 3 l"-'l'T91!!'113tFil!i!t;- 1 Jll!I: f'FlllT '5 "i- .;-- °' -7 0) 13 1ll: (F~, F.cl l:ilJ.:'i!: -Z:3\< 2' .IL '5. 

F = !.!:..._ b 
WV 2 (a+b) 

F _P,v, a 
wi- 2 (a+b) 

F~ , lM~'ii:l'iiJl!it I 1111! CblllflilJ) ;.: fl'!ll-t '5"i--T7-7'1>13 lll: G'l 

F,.' llili'lxl"il!i!it 11111! (Tifllfl\!Jl l:fl'!ll-t0"i--T0'\7'1>l'L!lt(N) 

P,' '\'--\'?-:' i'llil:(N) 

a : :'if-~ A 'i ;m,f:"YJ• G J::.1ft1 f- 7 :::-;t-Yflll·L' '£:--C:CT>~!¥ (HDP 

b : ~ .:y ;z. :7 :W;,l_,;iJ•t:; T~~ r- 7 =:::t-:.-'111 1L' ~ -z"O)i!E_~(HDP 

W: 3r--y7Y~*'.!!:S:~g) 
g : ~1JJJDJfil~(=9. B0665m/s2

) 

ll!] 3 l:'l'Til'!ll!!xl'f"i!it I Jll!I: tl'!ll T 3 o&ill: 7'!1"lilli!it'J (F", F,J tt IJ.:>l::C';ll;, ti 9, 

F-=Pr b 
<v 2 (a+b} 

F = !.r_. a 
rL 2 (a+b) 

Pv =ff·· Cv· g 

.:. ::. -c:-' 
Frn' O!'lll!!xl'f"l!t> low LbliHJ!!) l:!'F!ll-T<O>i;·ilLi'i'"1ll!!i!i'1J (t.1 
F" ' il!ll!!xFi"i!;'l I !Iii (Tllilllll) i:i'FlllT 9.l'di1L5"'"1J11!Jll;!J (N) 
Pv : ::\'- "1" _-x.. :7 i:: f'F.fflT 0Wflii[J7!PJtl!!Wh (N} 

a ''\'--T771i!·l·1\•G.l:llil l-7"'-T> ... •C.•:Jee'v:;i§lllif(HD ) 

b ''\'--V"'-?li·L·~·GTIIDl-7"'-T'-'"''L':lee'Cl)j§l'Jlt(HD ) 

w : ~-r---x..?~~tWA:~g) 
Cv ' jfjil[jj'fiill!fll!' (=O. 49) 

g : :m:J:JiJ!lJfil!lt (=9. 80665rn/s2
) 
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-·---,- ~ -=- -

~ 3 !=-7FT~~~fi'f~il 1 ~t=-i~fflT 0'9lJJ~7k'¥-it!t~JJ (F~y_,_,Fm) 1"1ft:i:t-C~ :!:h.O" 

i.t:S, _l:_ '$1J1'Jlll0) r. 7 ~± /§t.~t i~ld:. :r-t- _7.. :7 ~;7~ f.:_ A 7 ~-( i<T {)~Wf Pil ;:t -c .13 '? ' 

""'jj"!i<J?):'JZllll.,.fJ!;J:f)'Jll Li~c'. 

Fp.xu = 0 

PHx=W~CH~g 

C::C:CC'. 

P,.," ' ll'l!!ll:!Zl!f"";!;' l !Ill UJllHJl!l) fz: Jr J!IT '5 ;rul!J IPJ71: 'F'l!lllt 1J (N) 

F," o ll'l!!ll:tlllf* ;!;' 1 !lil (TllilOOll •~ il"J!IT '5 *il!:!J fi\li: 'JLllllil<:tJ (N) 
PJlx: ~.y.A)'\.:_f-fJ§T6.WJ5t>llzt<:-'¥-±iJ!.SJJ(N) 

w '"r~v.'<7iltot'iltJt~g) 
C, o ;jz'J":!JIPJlltm'(=O. 79) 

g : ~jJJJDJfil.i!E(=9. 80665ra/s2
) 

iJJ 3 {.:_:T;TM~X~~t:>· i W-1l~:: tt:m-t- 9'6100: J?J ::JJrR.!?k-4'.<tt!~.•tJ (Fm11' FKQ) tJ:t'ts:t-c·*2: n 
9, ft.S. c 7 ~ T>'ll:ltlU-l:. ~3\l!:!Zl!fl\l'"i>lz: 11'J!IT '5Oillillfol1'ri<ll>rmo6'. "<'-I' 7. 7 n• 
G. 3t~~~OJ:;5-ri:J0.;..fi=.fHT-3~tlf ~~ 7- -cv >60 

b 
FHJ'U =Pg,-·-­

- (a+b) 

F;uT = pHI._a_ 
(a+ b) 

PHV =H'l· Cff· g 

=-=.:. 
F,,,, o £i'l'M:!Zf'f*;!;' l l!il (1=ili\Jl11) IZ:i'i'J!IT 00il:li:foi1'"171:'l'l!lllR:IJ (N) 

F,., o >lli!:i'l<f'f* ;'; I llil (T flllfll!ll lZ: i'}oJ!IT 0Oi!Jt1'!:b"'1i: '!'l!ll~fJ (N) 

Pm- : ~-yJ-.z)'r;:fFfflT0!1ililiHJi;ih~7K~i!l!~/](N) 

a 0 "i'-77.0'Jl!•c•IJ>t, e.m c70CTC/1"il•L•"C'0)j£~l(l!D-ID) 
b : o'f .y _A :7 !l~>L.:7'.!•G Tim~ 7 ~:t-/:$i1J,L_.,-g::-r:O)~Ml(HDaw} 
W: ":\=-fA::7i!i:'~f1:l~-..;:g) 
c,' ?k'P':blPJ:!'!iili'.("(). 79) 

g : ~iJ.1.l!hfilN (=9. 80665m/s1) 

3. 2.1&1JiW1ilii 

3. 2. L § ll! +w;JilLJJIOJJ!lll!'i:IJ + flll:io"17k'P'l!ll~:IJ 
3. 2_ 1. 1. m~~fif~-6' ~~¥-:'itiWTlii©) 
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3. 2. L L L -/X:J;/;:!J 

JZl 4 /,::.:}.:)!, >--C 13 ~O)Jj. ~·= J:: ·!d:E;flJ;tjJ (a cl) 2:: f'dil[1-Jf8f&~1J }Z: J:: 0E£!ffiJ;t/J ( <J' cl') JJ'ft 

Jil!JE!r.J;l;:!J (a ,,) 11 /X:'it-C·'i{ i; ti 0, 

Fw 
ff_w =-

• B· t 

ll'! 4 1::;oc '--C!iii:!'ir'l 7k 'JZJ&:!!UJI= J: lO 'l'"toi-tt Iv~ J;t;:!J ( c ,,,) l:J:IX:'it--C"' ;; n-5, 

FHX 
rHX =--

B•f 

fJ..J:.JJif_jft)Eji}.t,:}J (CY cT), ll:l:itff,t-j) ( <J bfi~), 'fJZ~-JIJ._,.ftlrfujJ ( ~ HX) ~=-~ 0ill.-@-it/:t1J (a 

nu) :-;t?J.:: J:t--C-~ 2: :h 0 ~ 

'( )' ' ' umx =v acr +cr,,EfX +.:i·rHx 

r,: !ill 3 1:: ii'T El 1' v:>09'H fll im (N) 

F,..: I§ 3 \;:_ ~-9 j[} il[j3 fP:; :!:lli~ :1J 0) ~~t ffl 1jii (N) 

Ffil:ll"i 3 icff'-fli'jj:J'ir'J;l:'JZ-:!Jv:>IDtitt lliiO: (N) 

B :Cil 4 i::ff'-t•Hllill'i!lll"'>till~) 
t :igi 4 t=-~r r- ::=; .:::::r.::...-§t~.i:0:m;~llrun) 
I : "14 i::iJ'-J-.. :!'ir'JJk'J'Jl!ll!'i:!J!-::%1-t o'E- ;< / I-7-A·) 

3. 2. 1. 1. 2. -ti:+ .=_{K!(;.f] 

Jl!l!<:!J 0;;;.1:: J: -0 51 llt · IEl!ii(7)J;/;J:l'1illll ( 1' a ,) • o!IU-f O-oi;';;!Jii\llll ( 1' a ,) • -tt /,_.l!Ji(l)JZ ;IJ 

$MlH A d, & O'@:JlliJ;';;IJ (a k) !:l:IX:'itl::.J: ~ l'Z 2' n ;;;;, 
t~;f3, :__ O)~~ftl:-C·fi~J±,tt;JJ, it !v!i;JfffiLUL BB ;f@lffil-j:!i: t:t.,cv \0)-;::>J±fl.i.:th ~-'=:tlT 0 

!'lillil 16 ;iJ "'" fiffi -t;;;;, 
Aac = 2·CTcv 

Aun-= 2· at>Hx 

Ar=2· THx 

()be = ()cT 
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3. 2. 1. 2. il!'!l!SZJ!;!'l!t; (lfltllillli!lll@) 

3. Z. l. 2.. l. -?k_ft;tJ 

1Zl5 (.:.j:3 i,' -C l3 ~ l])_:)i. ::: J:: 0 EE~Jt: tJ { a '-~) ~ f;il.«:15fFJ.ii!._~jJ t=- J:: 9J±JiJ:t ti ( a .,1.) tJ) 

iJ•JJ)tH::.~Jt;tJ (a er) ~d:!'.-k:J't-C:·*~h--5,, 

@;15f.:.:ts-v •--C 13 ~1=- J::. 0 aa lff>t.1:! (a :i1l-' (J NIZ) ' f.'d!i:::CJ!i5];1~:!t~J:H:: J: .g 9l:i (f_i;th ( '-1 hVl• 

a bl'2) R.V!f.!!li:hfi'.i];;1<.-'¥-~1J{:. J: .O@!lf);t:tJ {a l>H~:' a hllX:) tJ)15nX:,ffiHt•x:_ti ( {J ~TL, o-,,~; 

l:J:~'i"t-z"'i/< 2' tL0o 

Fw·(L, -t,12).L, 

Ix 

_ Fw·(L, -t, 12). L 
O-bw1 - Ix 2 

llbvt = Fv·(L~ -ti /2). Li 
x 

FHx·l L \'11/'IRlj)_ 
ubHXl = -

1
-· 4 :J ·1fll 

' 
crbTl =crbWl+o-bVl+Ui>HX'. (f-7.:::..:t-Y§t-1~]) 

Utr2 = UMl'l + a',;v2 +o-,;Hxi ( l.J 71JJj) 

.L-).J:OJi!.!JtJ±ti.[t/J (a,,,), ii'IJX!!Etf.tt1J (G1;n, abT2), -'¥:1;61-tt,J..;tl;lih;,-f] (r1:) f:._J:: 

.Oiiil.--&-±J:t:i:J ( aTHxi' a'1lx2) ~1:6;::::\.-C:·~~;t .... .g" 
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F, : !£13 i-:::T:i""§:l;O)~/ltfflfi« (N) 

F, ' il<}3 l.O"l'T<tliiilif'illt!!i!!ttJO)i1\t~tllHi (') 

F,,' !l<l3 1.0"l'T .. :IJ"17l<¥lfll:!!!tJO)ii'tiit!!li[ (N) 

B1 : ~5t=ffiT l--7.:=..;t:;....-gt~BC<')ijij {.m) 

B, ' IEJS!.:"l'T Y 7 0)1& (HDP ... ) 

t 1 : lm5l:=ffiT 1'- 7 .:=..;:;f- :_,.3f_:~5UJt&~ -um) 

ti : ~5t::.ffiT lJ 7'o::;-t&W cllilmuJ 
L1 : lm5t=-7FTi:flft.*11!{X ~)ti•S l--7.:=..:::t/§tft~i;-eo:;.vj][RJ~~ 

(HDP.,.) 

L2 : ~st;:.ff>Ti:flli*11!(X '11!)f,•f9 l) 7'~'SB'~C'O)Yjjfti:~ {HD~) 
L~ : [gl5~;:.:T-Tt:p'f7'61(Y ~)i,i•6 l--7.:=..;tY1ttt~~"i;--C:O)Xjf(RJ~itt", L2 ' &ZJL3 ' ' 

0)*'2:-V•jjO)fm: (HDa) 

L~ : ~5t:.:T-Tt:p.lL:tlil(Y.;m)t,ni::,~17:\iffii~~-c"(7)X jJrP:J£E.Al, L1 ' }k.tfL1 ' 'lD:;;lc~v-.. 

jJ "'It (Hoa) 
1 : [Zl51=-:;T.Wh(>l]:;i(:lJZ±l!!~JJ;:.;ttTg~-~ :.,.- l--7-A (HDa) 

Ix : !§5t.:=.::T;--t-!tfrlfio:;'f1:ll.-'1il{X ifilb)l=~---t'Oltl'OO'=~::r:.-? / !­

(HD~") 
I, ' ll<!o!.:iFrl!JfjjjO) .P 31:'° (¥ '°) l=ll'lT 01J;foo =/X't- ·' Y 1-
(IID~") 

3. 2. 1. 2. 2. -tr.:_+ =~it--JJ 

Jll!J tJ O);;.I.: J: 0 iJ I !I': ' £Eil110)'1;1Ji11ill!I ( I> cr ,) , !rll lf O)cG:ioi!iill!I ( t. rr .,, I> a .,) , 

"ttJvltJTV,~7'Jfll!HI (Ai:_) , &t.r~_imi;t;t: {ate) i"1ti;:~t:..t. t) ~~;ft~., fet:k>, ::_0)${1I 

<' lj: $' !±'1; 1' , '1: !viJ;f .l'l!Jili, !rll If l'i'.iiil f;t 'E tc fJ: P °' C' !± illlJ;i;tJ l = ~T 0 Jl!,ffil& tJ >- il'l'liiliT 

86., = 2·u.,v 

Auh, =2·(0-.ov1 +abHx1) ( t-7.:::.:::tY§tilJ) 

.6.cr bl = 2·(_cr bVl +er bHXL) ( 1} 7 {~J) 

dT=2•THX 
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3. 2. I. 3. 1. -(t.,;;t:.jJ 

i£!6i·;:.:f3i, •--C §Ji, fil!«:;fyft'il!-:l!~::iJ.&L.K"tiilJ:f fPJ;fz4=Jt!~1J t:: i: I) £fi3!~;V Pi'}> f:::. 51~jJ1i: 

§ttJ--C%-4:T0!iHtf'~1J (o-tHXb) =:::/'l' !J- ~::t~*~tP·(°::.J±~/J~~~t-C-9\3:§::-t"0Ei£ 

~f;;tj] ( 0 ciik) f]::fkit-C*2:i1'~.,, 

- THx·Li 
CJ. ~ -

aH.\., B·/ 1 /6 

crcdfX·L2
2 12 

CY =~~o--'~-

hHX.: f 2 i6 

T;;.x = <J1b11X·A,,, 

= -=- """{', 
o ,t1a : IZ!6{.:ffiT~~#;v ~ :=--9§1:.T 0-*Mlt~#Tt:::G~"t 0 51 ~i:t:1:J (N/mrn-") 

a 0,,m ; 1&1£t::T-.-t";:::: / ~ 9 - J-- /.;:Je-::£-t 9::$::W~~{t;:. TIZ:;;}.:; lt 0ff{fifr&j] (N/mrn2) 

T"' ' 1"16lciF-t£1lli'1''1v 1- ic'le't-t o#?lfil~f'Frl~~lt o 51 lJ>;iJ (N) 

t , lm61ciF-t>l!'Mxf¥1*-lll1\:11<(1)1Ji!'i' (a.,l 
B 

L, 

L, 

A, 

, IE:61ciF-t£lil'#-''-' c "'Gill ll>h !<'lit•t -CJ!;'!' -T 0 i!l!<f o0- i Y I- o:ioe- ;< :--- c 7 

-Lilt"' (HD.,,) 

, lm&KiF-t~:.--7 v- r!PGEElliltJr'lt1t0!lt2' 

: ~V!:¥1v :-..11¥Uf.£1tfiw:iffl ~2) 

iil]6lc"3i 'c l'l m, ~jl[tiil'Jli!!!!t:IJ& U'Oiltil"Jlk'l'lilJ!!ttJ I~ J: ~ £'1'i# '" c ~'G 51 l>-tJ !e 

§t. ~t-C 1e~T -3 .IJL:l0it A,(tR-Jt;j:; ( :: :Ht) , :::z / ,Y 9 - t- .Y:_~~"# n~ t:-_,ff~1J~~tt-C Je::t-t" 
Q:!jZ:l$]1!-/vtfJi'JZjJ (c 1n~f l'i~J'.-te'1i:6:h6" 

THX 
rHXh =--_ , B·c 

:: :: "' %lE-l}i:tJclG 2' :Pltl1C'l0 o, 
£~J::O)aillf'J:t:1.J (u:.fXL• obH)_,), lfZ-:i8itJvlli!f.£t1J (<:llxL• ::'D:e) &::.J::0fJI-5itJ;ttJ (e<rux> 

(J TIJX£} t"1:.tk.i\:-C-ffe;~~1,0D 

I ' ' er THJ.1' = \i u bHXh + 3· r HXb 

~ ' ' 0: TRJfr =Cf l>HXc + }• 1: HXc 
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3. 2. i. 3. 2. -~ + =ctR;;h 

f&~j]O)J,l.f;::_ J: 0 !fu~f O)};tjJ~lfil ( t. a,) , -1!-JvltlfO)[:t,/J~!m (ii o ) fi~lCtJ;:_ J: ~) ;l!f 

2'h6, 
iluo =a J>HXb +CT b..'tYc 

il r = r.'fXb + r HXc 

3. 2. 1.4.:tml{)~Jf.~~ 

i::i m.& V'<&&Lnliil±Jl!l!t:IJ •= J: ~ !'l'l!>ibJ;.~~•= Ji!.'E-;-6 J;i;:IJ li:il11JJ' -r: ;1>, 0 tc I!>.:: h G 0) 

t.lrl!!i:±!!l\li!i"" 6, 

3. 2. 1. 4. 1. -?Xrt;JJ 

§ :11!& U':l;li1Ln 1"1 ll!l~JJ i:i'!!\lJ!T 6, 

lli]Uctlc '' fli:tiliil7'c '!'±Jl!!<1J 1= J: " 'ii§ 'E-T 6 !llHf Z:t:; ( " ,.,. ) ' tm:iJl"17k '!' ll!l•titl'!ll 
B.o:ifi",t,-;::.J:. t"1 JE:1:.T~~*ail'flt:1J (a bH\2) ~ -C0)-5_1*Hhrf,rt-.::fJ (a hm) f:;tfX"j:\;-C*CS 

no, 

THX2 
Jb.'f.JC:2 = CY1;HX(--

< nx; 

<56HX =6bHXI +a-l>RX1 

.:: .:: "· 
F,, : 1'113 lc iJ'Tfill171"17k '!' ll!l!l1J 0) ilt:ltJlli@' (N) 

H : lliJllciJ'T/7/v- Hlil0),.2'~) 
B : lliJ?l='l'T/7/v- HlilO)!i ) 

t : 1£]7{;:_~-tS.-'7/'V- J--.$ij)(l)fji~ ( ) 

r rui : lill 7l;:_jo;,.-. -C°$ib:15 rRl* SF ii!!ii:JJ f;:_ l: iJ -JE± T -!i .IJI:t$J-l.t Jvl*f.t; 1J (N/n:m2
) 

'"'' ' llil7lc$3C ,,,,.:l71iil7k'F'lill>!!:;IJ\t!ll.?\O)jliH .. 1= J: 'Hs.'ET .5J&;kit killi!t1J 
(N/mm2) 

lli]7fcj0; •<:"1!:15r"17'c'l'Jill!!'1J le J: ~ 'il§'ET 6 'J"J;\Jitlvlllil1;1J ( c ~,) , ifll::Qliil7'c'l'±1'll' 

7J ft,~ B (l)~,t_.~\:::. J:: •J §£± T .Q ii*-l.t A,-l't~i;t:}J ( ! tiX2) .:'.:: -t- 0)--g-JiX it A__,lt:Jf j;[:jJ ( :: ;;x_l !:t-G}z 
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rHV: = ·_1-Dtl + rHX2 

=- -=- -e' 

£1.J:O)if!JXOO!ff.tJJ (a hHX) , -g-W,it :\_,.rt'ff.tj) ( r 11x) f:::: J:: Q_;f.E.-;5-itK;.:JJ (am,) }:t:(X~ 

<.:'~ 2: h>5 ~ 

3. 2. 1. 4. 2. -{?;: + =t:izf.tjJ 

±ill~1l o:>~ le J: <\ SHf O)Jt tJ$0!!1 ( il cr ,) , it le l!fi0)£';1Jti;ll!l ( A , ) l:i:li:i'ti;: J: ~ Jl; 

6 ti~ 0,, f£ .t5, ::. O)fi'~11I --r:i::ta:mFt t.J, Y...J±Jt:n, -tt 1....,:tff msllli, BtJ tf m!ffi t-J" 1:: c 1,t i, , 0 

/!,JJb =2·ubHX 

d.r=2·rf-'.x 

3. 2. l. 5. lil<il'# Jl• 1' 

3. 2. 1. 5. I. -~~fl 

3. 2. l. 5. l. l. !'l lit (-Z) + i'&i1LIJfiiJ±illlttJ (+Z) +Oill:l'ifiili<'F±illi!t!J ( ±X) 

~iit;f.l:,. J-- ~=Je~T-5·i%"5X:51'*J:tjJ ( G ,,) lk ?Jti:i-,&\:-tt /vli!f.IZ:fJ { r :) t'J:t'l:~•:\W: ~ ;h,{i~ 

Tr =Tw1 +rHXl 

::. --::. >:'\ 

a ,v : El i!R ::Y~~[i:jjf:5Jfu~1:tf= J:: !'.) %:±-T 031 ~!t.1J (N/mn2
) 

·> '" > OIJ .. i, fiil;j( 'F li!ll!!1J IO J: ~ .JB "t-J- ·3 51'l!tJ;';1J (N/rnm') 

r w: : ~_?)f;§;J?k.lJ2-±1B!lfJI=: J: l:J %1:.---t ;5 S¥"-;!$J-tt A.At!T,it:.1J (N/mrJ") 

r 11xz : filj, ~?J<.iJZM!!StJii=ffl.r'/f.O)(li•L'~;: J:_- ~ %1:.T Q~j;:it Jvl'bf,it:JJ (N/mm2} 

3. 2. 1. 5. l. 1. 1. § m:&LYi'ctOOih!Rlf&i!t1J~;:_ J: 0 515ll;S:1J 

IT!ISl;:;J3c .-:: El lit.& at~ ill::!'i fiiJJi!llttJ le J: ~ lil<!l;"'.'V }I;: §i''t T Q 51 'l!t.<t /] ( cr ,.) i:l:' 
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a- =N·X_/S 
cc ,, " 

X,,i =X.,ID 

d,1 =d,ID 

P, ~ a,l(b·D) 

a, =A,;N;, 

a cc: !Zl8(:5f.-j"-:::1 /P 9- f--OJM::k,i:E.~J:th (;.;'/rn11i2) 

n : f/:t"i:*ltlt-

D ' ll!ISl::if.-J-i!li'ili"' ;'< (HDP.m) 

b ' ll<ISl~:il'T:l!i'ililll -m) 
d, 'll!ISl:if.-t'Jl;iltJ!lgffiJv H:ll!l-t<'>il!ll aw) 
d,, ' 5'. ;i!t{llJ;J( Jv H:: il!lT 05 f;i\Jij: (-) 

)(,, ' llilSl:ii'-J-'1'.iI ... l'!lili\ ("") 
X,,-D/2+e=In/Sn 

t~t::_L, e: fg!St:::ir.Ti'iWl_7]@,L~~i!fl(rnm) (HD~) 
X_~i : 9=J ViMJJ::t (-) 

N 'llil8(:ffoTi'.lil'Lln:m 9' /jz;tl::J: ~ l>tll l.J:l!l: (N) 

N~ [ l'l £ o:>it'J'ift Jlliill:l - [!)S@:;/J"!RJJtlJ!';IJ (l)i\'!itt .'iHill:J 

a, ' 'i'f;;Jiot'J,_, Hlllllijiijfl (mm') 

P, ' 51'!ill'iij;;I: (-) 

A0 ' ll;il1'>0'1v I- 'lf~}Jlllfjiijfil ,~; 
,\,. : £M!#;V f--lJ¥tyfi§:~ffiifJi·. '-') 

N, , 1fm51 'lllOOJffi;v i- *1"< c *' 
s, ' 'lft}J'!l'i!liltlfii'ii-/Jz'E- ;< > " (,.,,') 
r, ' 1H?IJ'<$illiltlfiiii=/Jz'E- ;< > J, (mm') 

3. 2. 1. 5. l. 1. 2. ~jf!PJ}j(Sf!.Jil~j:rt:: J:. -35:1~/:t/J 

~8f;:;f.:il. '--C~::'5T$J*-¥:i:tt!A§i:/J {:. J:. t) ~fill if.IV f-- ~::5e±'t° 0 5!~frit;1J {_ O tHX} ti::, ~H;::::: 
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F ·I 
u =~·Xn 
~ I 

~¥.,1 =-n·P, +.Jn·~·(2+n·P,) 

X,, =d·X,,1 

a, =A,,·1Vi. 

F, - a/(b·d) 

.-c.::: -c', 

O' c~ : i3J8i=ffi-1:::i Y-7 :J - !-- O)•j;:J±lffiJ:t/J (N/mffi") 

F,, ' !Sl3 i,:iJ'-t-O!IJ1i:i1*'1'llill!f1JO)iltoHllll[ (N) 

I ' ~\ilii0)11i!filij=1''1'-- ;>< / e (HD~m') 
n . ~~,,>->"1'6¥+.\.L-., 

- ' _,, / "17f'.AAJ.-L ! 

11 : '111hrPllk~it!.S1Jf'ffflRti~~~.'M::!zf!~i=lr®~;:l])Z hraJ!Ee~ 

(HD.,,) 

h ' i;llSlcii'i'"illlil!i!ii (HD.,,) 

d , 1'!81cil'Tll>rlii'1l0Jilli <'<~) 
~ : ffil8,.:.:if;-9'*1>'rlliitilf!~ (IlYII) 

X"1 : i:fV-f!!ltt (-_) 

at : -1f5<j)JF;v J--~lfioofJ (mm2
} 

P, '51'll't>'!'!J;tt (-) 

A, ',l!,11;;}(;:• 1'i'f0Jilllil!ill ~-) 
A,, : ~til'11. 7.f.;v 1'!ffV1~1t1foofl 1

2
) 

N" : fl:\t::JJ.jl~1Jil!F';v:-.Tf): ( ) 

3. 2. L 5. L L 3. "11l:!H'1*'l"l"11l!ttJ i:: J: ~~'ET o-lt /,,itffJ:t;iJ 

"11l:!J:i17J>:'l'llil!EitJ!:: J: ~ £~;}(// H::~'E To '?t!J-lt !vllllJZ:tJ ( , "") , & V' .. :151"l*'I' 
Jtl!~::iJ fFJtL'i?.t~Slat.::..:T-t-Jk~:;t;_,v r- :m::.t.,{\'I~i')> Gfii,i'_, L- -CV\ .b = c t.:.J:. •J ¥~-t' -5~* 

it JvftJIJ;t:jJ ( -r HY-2) l'J:t'Z;i:\;-z'£( ~ ;fL.Q"' 

FHX r --~-

HXt - A ·N , " 
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F,, ' ii<J31c'l'T .. 1iflil7l<'l"Jc!l~JJO)i>Jtlltl!lf!l: (N) 

Nb 'IEl8h:i'Tl!iii!';J{;v "*!lit "*l 
A~ : l.&Bi::.~-t-JS~~/l .. ,. f-.~%1.Jtl;ij-jj]fil (~1} 
Ir- : [218~;¥;-t£fit!7F/V !-- 01t!fm:i=ii:.@~- _:;{ :./ }- ~·) 
1, , Lll81c7f'TfB:!oflil7k ¥ ll!l~JJ f'f Ill R:n• S £lili!o¥;v H'f.<?lcltliiii 0) ll<HAl'Llli' (J!>1 'J it 1v;itq> 

L•) ;l:C'O)Y 1'r;';Jll!'J§t (~) 
r_x : J:.~!El,Liti:Bti•t>£m;;:j-{1V !-- ~ \:<Dil::k!fEM (~) 

3. 2. 1. 5. l. 2. <J l!i;(-Z) +>:lili::i'ir;';Jll!!JtJJ ( - Z) +OJIJJ.>fiil?J<'i"il!lftjJ (±X) 

~~~_Jv ,, t=-JB~T ,;::i£rot51~.ttn { u tr> _&-cJ·G-~·':!'JvtmJ:ttJ (_ "1) ~1.:tK~-c-~2n~,, 

(J',T = CT,v +a !flX 

TT =THXI +z:HXl 

a" ; '"m&U'O'.lili:1'."'Jll!ll!>JJ IC J: ~ '!E'ET Q 51 !!Hi:O:l:J (N/mm') 

a,~; OJIJ:i'ir;';J7k'!"ll!l~JJlcJ: ~3B'ET05l'll!l&JJ (N/mm') 

r w1 : fi!!}j!PJJj(!jZ!ti!,~jJ /;:: J:: ~ 3E~T !J.IJZJ~-tt Jv!t'iJtfJ (N/mm1) 

r ~' ; 1"JJ.>li>J7k '!' JJllllJJ tto!!l .<K<Dili!·ulc J: ~ 'ffi 'ET 0 ill::kit lvltlii;';JJ (N/rnm') 

3_z..1.s.1.2.1. §~~tJiff@.:17~.ifu.~7J1<=~051~f-t7J: 

L11 9 lc:lo' ' ' l'l :lit& U'>&ili:J.>"'1±Jll!'<'1:J I~ J: 'J l!<Jil'ot(;J, c icl!B'ET 0 51 'll!;ZCJJ I a.,.) l:t. 

~iii~'-" 7 ~ - Hllil'iiit i>!ll.ll' • 1"1Jl1'lli(20to 'f!J!il .!: ~ liti'l:C'l'< 2't1 '5, 

u. ~u ·w(D-d,-X,).A,, 
tV t"C x A 

X,,1 =X,,ID 

d;, =di!D 

P, =a1 /(b·D) 

a, =Ab· Nb: 

• m 

o- ,,c : !El 9 l:.ff-T:::i / ~ 9 - J-. 0&.:kJ±~,i.t:fJ (N/mm2
) 

n ' -\' / !' li<l:!:to (. 
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-,--~------ --1-

D; :El 9 t=:7r.TltiT00i®i 2: (HDP.m:) 

b ' l<I 9 (Ufi""ll:li®t/ii cm,.,) 
d, 'i<J 9 lcff-T51~ii!J;F;c }icil;JT0llE!ill> .om) 
d, 1 : 51:*iQIJ;J{;i,-. }-;.:.~TO-!*~ (-) 

X,' ffil 9 lcff-i""'l':iL .. JlE!ij[~J'< L, IJ:'i\:~1"l!Ei""0l1! (mm) 

X,-D/2+e~I,/S, 

tc. t-:_ '._., e ; IBI 9 t.:_ffii-ifi~j]-ai,L_.,~l!j (HD~m) 
xnl : .Pliil'il!l.tl::; (-) 

N 'lill9 l~il'T!iflil!:;IJ-C;i;,~, IJ:'itl~J: ~'!>tllLf=ili IN) 

N ~ [13 Jll: <Di'HH!l lll'J + [>& 1' 17 liil lll!ll 1J <D ili'.tt Jll litl 

a~ : ifWJ# iv !-- ~~OO~j (mm2
) 

P, ''il~S'iJilt (-) 

,.,, , ""'*JV "limll:liiliilll ~'J 
A. ' 1i!;!i($;v c >J'Uil\ltliliilll (~') 
Nht: *~Jl51~11li~J;,-}-** -~) 
Sn : *?>'l~fdfilt!Tffii-~.::C- ?1 / t- (m:ll3) 

I, ' lJ 5\!'ii' fiffilliiilil CC. I): 'C- I / c (mm') 

3. 2. 1. 5. 1. 2. 2. "'1Jliil.*5Jll1!!1!!1JIU: ~ 'Ji\'ET 0 51~.'1,:;IJ 
~ 9 iC,P'J •----C!Mi1JIPJJ;.;.°'¥J:~~1J'.:_ J-, CJ £W{.-_j{;/ f. f.:_JEj:_-9 0 '31 ~fJ (a tH~) i:i, ifr.JFj .::i 

";; '! - Hi!mH,.i!F" - 11'11"1'51. 12010 'Fh!<J J: ~ i~'il::-cli'c "n 0. 

u ,. = F_!!x·l, ·n·(d-.¥ )·.1:_ 
•H~ I "A 

m 

X =tf·X ,, !ti 

a1=A1>·Na 

P, ~ a,i(b·d) 

==-.:-. 
a,~ : t6l 9 t::.7r.T;::::;: / '.J Y - t- O)~;k-!±;J'iJii:1J (N/mm;) 

Fllx : @;! 3 t=-iFT$!!1:1JrPJl1<¥ffi!~}JO)~ttmtr (N) 

I : l'i;Ifji]O)mffID=tX::i=-- _;,( :,_,- t- (HDP-nm{) 

n '"1">71*wtt.) 
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, , , Offi::ti 1"171< 'f' li!Jl!l':!Jfl'Jlll.:C1l" G il'J'lll'l<l'>*-1> >' iID 'le <CO) z ::ti !PJJ!f!ill: 
(HDP.,,.) 

b ' till 9 <='f'"Tl!liiIDl!i (HD ... ) 

d ' "19 •='f'"Tl!liiID1'5'JJ/.>." ~) 
X,, '[ill 9 l=ii'"T'P'i"lfallfillll (rm) 

x"' , <Pilfmtl: (-) 
at : flWJ,Y,';V }-~Wf[ijfl (mm2

) 

p. ' 51 ll'<'<lllilt ( -) 

A, ' £lll";fJv r 1'fi1J!!liiml!i (~') 
A. ' !lk!ili#1C- H'i'U'1"1!1iooll! (-.,') 

N,, '1'fi1J51'.i!till)~k i<*"'li< ·-t) 
3. 2. 1. 5. l. 2. 3. ~_jJ~7}z-SJZ.t1H•:tJ%;:_ .J: ~) jE::S:.--t ~-t!- A..~ttfJ 

;m;Ofiij*'f'Ji!l~;!J •= J: IJ """'"''" H=~'ET 0 'l'±\11±' AA!li<G;!J ( ' ~·)' & U'Oill:!JfiiJ71<'1' 
:l:ta'.;t7Jf'toJ§#..11~~ 9 (:::.ff-;T.£~;1{JV f-J!,L,{li:ti'.fJ•~~,L·· L lt:\Q ::__ l:: t·=J: ~ ~~-t 6.Al* 

-J.tj,_,!l1J-ftjJ ( !';i;,;;) f:J:fX:_i\;C:£{2'::tL~,, 

FHX . --~-
HYJ - A ·N 

b - In! 

F ·I r _ Hx i ·r 
HX2- J max 

p 

"""""· 
F~ ' IZi 3 t=ii'i"Oill:!J!PJ?J< '!' J1!!1!i:JJ O)Jiltiit !lllil! (N) 

~ : @ 9 i::ffi-t-£litln:;r, r-*~ <II?) 
A1; : i§ 9 ~=-ffiT£fil€;tf7i, 1--:ffWJ!tlfjjijfl (~m2) 
I,. : @{! 9 ':.~T~~~JV !-- OJWffm=i0z~~~ ;>! / }-~4_) 
l, ' IZI 9 t=ii'Tilill:!J 1"171< 'f' Ji!l~JJ f')o !ll .l!.1!• G £Ji!\# A c lf ml!tiO< O)[§ ·c•W-li!' (!1' ~ 

1±'.'.illi'P·c•) 1' c'O) Y h'fiiJl'e~l (HD~) 
r...,_, : _l:_~~-L,ffrli::t~i'.>RS@:;t;,iv ~ *-c0•J;:i*€Aff: (~) 

3, 2, 2, El lll: +>BJ1[:!Jliill11!'1!1J +;mil[ Pl h'fiiJ*'l"ltl~tJ 

3_ 2. 2_ L W!'Jll'!<li/'1/!-1; (l'11i1il\lijlij([)) 

3_ 2. 2, LL ~]k,G';J:J 

2S 10 t:.:fdi, \'"( § jKO)J:,t.t:: d:. OffffaJ;t:t.J (a~,) ~ t-d-i«::f:J~~-::h ~,:. J:: O.tEm,i,&::iJ (a cV) O)~ 

J:tff~ft;JJ (a ~rl f;;l::(.1:J:\.-C* ~ ;f>"O" 

Fw 
{T ~-
~w B·t 
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15.01· =<Y,w +i5ev 

fJ.__;:_0)15-~J±m~JJ ( u ~r>, HE :t·i;t:JJ ( (f h11·), if-j.8-+t lvittTftt:1J ( rm)~=- J:: .omE-ttW:::tJ (a 

TilV) ~;ttj.:~--C~,2;;h,0, 

F, :ll<J 3 o~iJ'T§l!0ll1>tJllfili:(N) 
Fv :(§ 3 ~L7f:TJBii:::IJ:!Rl.ftt!~jJO)~~tJtl~(N) 

F~.-: lfil 3 ~=-~T~ii:fi:ih0'i17!::'¥itt!&JJo:ii9'.ttJ§{~ 0J) 

B 'I><! 10 (O"l'TiiH~lliioov'.lfij Sm) 
t :!§IO l::7F-t j--7-=:.;T/§tiroOJf,R,1.J:~) 
1 : [§ 10 1 .. =-7F-t"1:i:#fi'.iJ7.k¥1t!!itiJj=MT .S.:c- ::-! /- t- 7-A &) 

3. 2.2.1.2. -ct:c-=ct:>t:IJ 
it~JJO):Jj.~:: J: 0 51 * . fEmO)J;t.iJ'300 ( ,l -0 ~), aa v:frl)Ji:;,-fJiJ200 (ii ab). -fk_/vWftJ)f,t.j] 

iti!m(.i r), &V~.@.Jffif.t.jJ_(a~c)l;tl).:i(\.=-~ "1'2&~:ft-5,, 

i.t:Jo, =_ U>$fil:_--C-~1:XJ±;;t1J, -€ Jvlt,fi-!&mi, ~ lf,@:.@;:t1:. LfJ:.V •!TJ 'Z"ff*~Lt7J~::;ttT 6 

~ftbJt:1J Z-~ilT 0,, 
Au,.= 2· LJ .-v 

l!..v,, =u,,,'-f}. 

Ar=rHr 

O:v, = GcT 

3. 2. 2. 2. Iii!~ '!i: i'!i !JI! t;- O\Hli liJi ilii ®) 

3. 2. 2. 2. 1. -{._t:_,i;t;jJ 

iz; 11 t::.13 t> "'-C m !!! J>Jt. ~= J:: 0EE:TiJ:t1J ( (j <~) C t'tl:Iihfl'>J :itt!liJJ 1;: J:. _-5 EEm.r:tJJ ( a d') 

O)-€i'~_EEijft;, iJ (a cT) i-J:~3:\:-z'~ t:: h-6" 
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SJ 11 r:: ;jo-V \ --C 13 .i[~;: J:: 0 il:l:l tf lli/J (" M:• a h'l:l) , i&OO:h!PJtt!!~JJ f;: J: 6 ilE tfi;t: 1J 

(cr~vi, O"t\12) , E:_T_f1f!Jj::~jf~*-'¥-~~1Jl.:.J::0HBiflli1J (a~v O"tHI'<) O)iS-Ji:lti:ll:l}f};t:1J 

(abTC' atr.) fi~:r'\:;C'£f:.~tL.0G 

F"'.·(L1 - t 1 I 2) 
(}&WI ·L1 

Ix 

u ·-v2 = Fw·(Li - ti /2). L, 
'" Ix -

F,.·(L, -t, 12) ·L 

I ' x 

F ·I 
<T-HY.T 

bHTI - -
1
- '-1 
x 

ab.Tl =!YhWI +o-bFl +ubHYl 

crbT2 = a,,w1 +o-ov2 +crrHY2 

( 1' 7 :=.~/§till~) 

(I) 7' ~Jj) 

J;lJ:..rJJ-15-,EjtJ±*i'Jt:_:fJ ( J ol) , ifffltittJ~fJ;t/J (a i,~1, O" Lr:) , lJiiSJtt A._,-lilf!i,::j:J (-riff_) t;:_J:. 

0kfl.J§r·--±,rt:iJ ( o Thi·1, a 'F'2) ~i:~'it-C~ ~tt~"' 
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F1r : l.SJ3 ~::~T§:J!O)tsi:~tffli!t (N) 

F,- : §3 i:::STifil][iJ!filflt~1JiJJ~~tffl100: C'J) 

F,, > 8!13 iCiJ' i '"""' Jli :Jo iRJ 7): '!" Ji!lJ!< :IJ O)Oltlit Jll fil'[ (N) 

Bi : rn11f;:ffi:-r r-7-==-.::t:....----§titE!JJm cmru.) 
B2 : ~llf;:ff,-"t"Y 7'0)ifi& {HD.) 

t 1 : ~11i=7F-1I-7-==-T/5:$0)f,!i.~ au) 
t 2 : igJ11~=:¥.TY 7·L7)t/R~ 1Sm..) 
L1 : IB!ltl::ff--T!flftifl!l(X $Hl)t;:.G. !-.7-==-.:::tY§t~t~$*"<::.'O)Y:::J7rtl~* 

(HD~) 
L2 : !IDIIt::.ffeTi:FIT'6i(X !lfih}t•~ !) 7fiilffii~~0>¥1JrPJiE~I {HD~.) 

: 1§11*::ffiT!ft!lii:·ffeihl15J::k~:ltB~1Jt::~TC~-;1- :_,- 1' T-.b.. 

(HD.) 

Ix : ~llt::ffi-Tltlf!iffO)i:?\7f!il(X !l!liJ) ;:.=~--t;;:.ttlflfil.=_-jjz~-_;>! / f-­

(HD~') 

3. 2. 2. 2. 2. -~+ =-C'\:rt::iJ 

Ji!llli 1J 0)# I~ J: ~,ij I 5ll! • [E;llj 0) };/; :IJ"1i;J!! ( I> a ) , ilC if 0) };/; iJ:IBllll ( I> a , ,, t. a ,,) , 

1:tA .. 'WTO)J:i::JJiB!m (b. -c), &t.r.@:@;t/J (aw) l'i~5.'.\J::J:tJ~~n.o.,_ t.:.:to, _:_O)iffi1iz: 

C'i"'l:fEJ;/;}J, -± lv:lJiffi[,!ll, Eil! <f ffiUlii"'t l'. t~ l • cJ) C: !±'1iill;fJ ic MT Q i'[<l!lJ;/;J:J oZi·!'l'1'1iT 
Qo 

Aero: = 2· U~v 

Ao-,,\ = 2· C>M-'l + (TbHY\ ( f-- 7 -==-:TY~{~JJ) 

Aut2 = 2· 0-1>v2 + a,.,Hr2 ( V 7'1!l~) 

Ar= r,'fY 

3. 2. 2. 3. -ilil!M~¥f~tl' (~{iBjltlfiE]@) 

3. 2. 2_ 3. l_ -(J:fujJ 

~i2;::;pi, >--C 113 ~. ~fiil[7J~11!!~7J2?t. V'fli!@:~ JJ";PJ;;f.: ¥itll~1J ~.:.J: 'J ~;t;:;v I-:;?~ G 51 

5ft:h ~st lt--C~:i.i-" Q lib ifJt::lJ ( u bl!Th) , =i Y / 9 - I- 3Z:t'9'~~n~ G.!El~JJ ~5ttt--C3£:'±: 

T-50iJ:fJ:l;:tJ (a.,,0 ) i1i'X>\:"$c"l1,Qo 

Tm-· L1 <T -~~~ 

tlr.-·r, - B·t1!6 

- LJ<Y:Hi•L,""l 12 
VbHYe - t2/6 
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cr :oHI' : IBI 12~::ff.T.£Jif;f,;v f- t::.~1::T -0 +fiUm:§R1''f:T i::Jort 3 51'lltr.t7J (N/mo:?) 

•J LGHV : 1£J 12~=7r-:-t .:::i ::..-/ ;- :,,• - r ~=~± 1 0:$:.ffifli!~-f'FT1:::t3tt ~EE-:11i~:ti (N/m:o2
) 

r" , 1%1121='1'-t,,.ii\l,Y,;v 1- 1=~1'T-i5o$:111i'~!!d'f"n=u1t oiJl'Jl;fJ (Ni 

t , l"ll21=if'-ti!'l~:Zf!i'¥!ill1£!!ito:>l!U'!t ..,) 

B ' lfil 121=if'TJit.il\;f, Jv HP G 51 'Jl;fJ <t§l: It "Cli!'ET 0 "'1!f1'1; 1J °''~iiffil!liilill!l 

(~T>Jll) 
L, ' 1']121=,T 4 liHl,Y,1v I-;;, G 51;l!tfJ <t§l:ltc ~'E.T 0 "'11f't- ;< y 1- O)'t- ;< y 

~7-.b.ft2: (HD~ 
L, 'l"ll21Cif'T~Y7 9-l-">GEEifof.J<t'.li:ft.QJlt°" (HD .. ) 

A. ' J;;ll\;J\Jv 1-"i"U'1J>l!li(ijlJ! '.-.,') 

lfil 121o;c;< • <:" l'l 1!L >ili1Lln"1lt!l"'f.J & tJ"11li!l:fol 1'1<>Pt 'l'lt!l~1J ic J: •1 li>!li'ot';v l- '°' G 51 

*f1~§:t~t-C5i§1::T-5.!il:t$Jit!v!ffi"J.t>jJ \ ::m.), .:::i:-''.7 9-l-Xft~ii'ii,~l±JliiJJ«§tft-C 
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i=-~:::::::::~.--:::::.l: 
i f •• 

;o 
d, l d. 

~f :::~::::::f ~"':4.-ci."i ;_*"" 
'O a o 
' ' 1 

~f!:of.Jl•} 7>51~'.IJ!:~"E-71V 

{iv) D/"6:£e,-<D//6+C,/3 

· ISflif-;> t- ;:.51~~:hi;B1:.fJ: L 

D <Pll..a 

I, C.L. : ~I 
' -' 

0 0 O• 

:.::::::::::::::::±:::.~:.:::~ft 

0 

:£~-;f:_!'.- l- 0i]l5l,Jt:;t:il! ... J!J~7;v 

(ii) -1D/6-d,"/-3)~e,-<-D/6 

• !!;;-~;r'Ji- f. R51Jtt.i;t1JJt:±.t.t L 

~lift D 

'I I' *C.L 
' ' 
' ' 0 ,q 0 

_.:.·:·.:::::± .. !, .. ____ ::::·=r: 
j; 

0 
' ' ' 

' ! d,' ' , "'t-P.J<C. 
- -··-·"T-•·· -- ·-----,-, -·· 
o •a 

!T 
~Jil!;:lf;\..- f..;l)ijj3Ji);t:;i:Jtt-};~7;V 

(v)D/'6+d,/3~q 

• £.Q?:;f.._1'.- ;.. t= 5: *,l.0J'J¥-1:. 

F" 

<Pstfii 

d, 

' 

F3 
D 

I' CL 'I ' 
0 0 0 

_·::::·:::::::::.:1-..::.:.·.::::.f~ 

0 

0 

f '' 

I: 

' x,, ; 

0 

,, I 
' 

~#JY 1' 05l~;t:;1)~f$J'E7;V 
(iii) -D/6:;::;;er<D/--6 

• l1i:iJ!;7-JV} ;.:_~ ~JJ~:'.l:.!J: L 

1£! I4~t•-rr';V@ <Amffi;l..·}-.) 

[O'l:ilt '!<JR I + S ' , § m( - Z)+ {$jj[J7 rPJ ll!!il\!:iJ( + Z) + OJiljj[J'j J7 ""* ¥±1!lil\!:iJ(- Y)] 
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d, 

z \ 
Lx 

,c 

0 Q I 0 

---··~ :::t.:-.::.~·; 

' 
: _d,' 

'; 
; ; 

j:::::.:.:!: .. ,::j::i_.i ' 
0 0 ~ 0 

' 

I 
let; 

< x.. ,. 

"~!KV JT 
~il::F!l-- l-05l~r!:flITT$-'E-'T;V 

( i }e,-<: -(D_./6-<-d.'/3) 

d, 

- ~#JY ~ t.:_ijj*t&;iJ~j;_ 

~"ii:.*$ 

1: 
•O 

' 
'o ' 

D 

CL , I 
' 

0 0 

Fv,Fw 

ry 
x 

>'ltJil!*;l-- I- JJ 51 ~ft:JJtt:Jf:"E-7 ;\, 
(i-v} D/6;,;;;eT<D/' O-r-d"/3 

• ~w,;:;F _ _:t, t-l::5:~>0fJ~:'±f..". L 

D <?1111 

I' ); 
CL ' ' 

0 0 Q, 

~:i<Jl.- }- O')ij- ~-10J:t!"t:JJ~7 A-­

(ii) -(D,/6+d,'/J),;e1<-D,/6 

· £lif#;v 1-1::51~.ftJJ~:'±fJ":.... 

I' 'c L ) I 
~~--T'~' ~~~,~ 
Io ia o f ·:~:::::_:::::.!·::.+:~-;_;:::::.::::f: 
lo 

' 
: d,' 

f' 

!T 
*W:'.l":> t-05:~.t.r~t$-'E-7JV 
l v) D/-6+d,/3~e,-

. ~itTJYl·l:51~01J3£1;_ 

F" 
· 1 Fv,F\v 

_j 

'i'TI:M D 

I' CL 'I 
' -' 

0 0 0 
' 

' 
0 

-r----r· 

~E!;Jf;V)... tD5J~J;t::7J'EfJl-'E-7';V 

(ill) -D/'6~;:-,-<9/'6 

• Jiilif:;F'iJ._. f- != 51 ~.GJJJE:'±li:: L 

13.115 ~JJ--t-T.;L-~ (£litlFIV 1--) 

[I;;>,+>!<* I + S ' , § 10:( -Z)+if;i!'[)j"fio]Ji!!JltjJ(- Z)+"11liitfei nfiiPk "!'Ji!!;ltJJ(- Y)] 



3. 3. M'lililili* 
jjii"1Y: f!J:'il! t10) J;/; 1J i~ filj ( i!tH °* ~ I + Ss, ~;Jf;!l'Tillt;l!Jll °'" "\" /. 7 E) 

l n .,. 1iti (i±) 

t~ -fl[ Jl;}JO)ll\J:!j ' 7-Al l;r-A2 i 

I 
J.:£11' I 15 15 

!l!l•f 37 151 
• -Jj;JtjJ 

I -lt !v~ 15 16 

"lili fllif-tt 58 Hill 

Wfmiffi 51~·/±li 10 IO 

-!): illl!f 74 151 
-;-

=1Xir.1:1 .,,. A,l!li 30 16 

"'"" 15 15 I 

EE¥'§ 7 7 

ii!Hf 27 28 
j]iJ~ -~r.tJJ 

itJvWC- 7 7 
Xf-'f~il 

I lflili tS--5-it 35 36 

1t100® 51:ilit·1±'11 5 5 

-ix illl!f 37 24 
+ 

=tk.!Z.fJ -It AA!lf 13 7 

.il'..l!i 7 7 

illl •f 201 111 

-;j;Jt1J -tr !vltlr 23 13 
lHoli 

$11 i}-l:t 205 114 
ll!foo® 

-IX"'- iilif 347 201 

=IX&JJ -l:t !vlttr 38 22 

(ll:) 7 - /, 1 i El " + j\()~1' [i\J lt!!5 :i:J + '111:;, fi\J;j(-¥ Ji!l'.lt;!J 

7-?.2;§1";+~~1'fi\Jli!l~;!J+'11!~~:17fi\J?K-¥Ji!l~}J 
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\¥VL : N/mm2) 

tr-W!ZJJ "1' !iii 

322 OK 

326 OK 

183 OK 

326 OK 

564 OK 

564 OK 

324 OK 

279 OK 

32<> 
' 

OK 

326 OK 

188 OK 

326 OK 

564 OK 

564 OK 

324 OK 

280 OK 

326 OK 

188 OK 

326 OK 

564 OK 

324 OK 
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J1l!;f,\',~1\tq;,, !il<t*;c !- O))t:l:Jlfi!Jj (J1'l';t•;i, I +Ss, ii'h!!IJJli;.~Jll "c '\' 7 ;7 B) 
(ijifil_ : ~/mruZ) 

Et jll: {~ (;± l) 

~ ffi: .r,GiJJJ:fi:~ :tr:if J;&JJ (;± -Zl 

·7-A l 7-;;zz 

Hllif 66 85 270 

-/j()t:l:J it Jv$T 14 19 155 

t_itt Y:l lb h fil:l*.l #11.i;-{t 70 91 270 

-6;-'- H!Jlf 131 85 450 
I =l!ttt:l:J 1t ivWi :,ill 19 258 I ! 

; 
; 

109 79 1-A 1 165 
51 'llt 

\it_ 3) l -/j(j;/;:l:J 129 - 7-;i; 2-; 332 
li';llii'1"JC c ; 193 89 

i 4±" Jvl11i ; 193 89 

(i't 1) !r- A 1 ; § ]Ii; +t.lilf 7.f fiil l!!l~:l:J + om:li:t;J71< 'IL l!!lmfJ 

!r- 7' 2 ; s it+ i&ii!::liii\Jlilll!<:l:J +;;,ii[ JiL!Jfiil71< 'Jllill:!!i:IJ 

261 

(i't 2) :!£!Jl*;e f- O)Jtf 'll"il l!Ht.:l:J l:t, ~:'£-it !clliitt:IJ "'~ l\i Utl!X"' itt= Ii 

ii'1lii 

OK 

CK 

OK 

CK 

OK 

CK 

OK 

01 3) J::jjtO)fil;tt.lilI/'iii\Jl!!lJ!i1J nli:fiiJ ~ ( + Z :JlfiiJ) 0) 1: ~ O)fo!:IO: if> 1.,, T~O)fi 

l:tt'dill:ioii\Jlill!li' fJ n'l0 ii\J ~ ( - Z :liii\J) 0) /; ~ ®j;!: 0bT'-r 

4. 1. IDf:tr ~tl 
~~tB~-TV.'"flDJ:: 3 l::fE'.~0" 

Ctt=O. 15 

Cm=2. 43 

Cw.=O. 15 

c..,~=l. 38 

c,,, Jil::kll'J!:@~l!i"i!<J: •J $';f,tuk¥:!i"'1i!!t1'tl!ioc (Ew:Jl!IJJ 

Ciu : 7.k:!:JZhrPl~ilt~fit (NS JJ(P::) 

C82 : :5:XiJli:I~H~~@:J::. l' ;:KY;f;:_Jk~jjfti]~~t&13f:' (NS jj"(.i)) 

c.,1 : li- ·? i:f:l~I:: !-- o 9 l);;m 9i~{ft7)fi!il;ffl5J:!l}J J:: !J ::K~ ¢>f&~:1J!PJ~tt~!t 

C,2 : 11- 7 ~~!11:: }- o 1J ;;J<;£!b0~~rJ>~;ff )WJ_AA J:: >) $~ ~ifl~jj"Jti]~~t~ft 

4_ 2. J;t: tJ ~f{iffi 

4. 2. I.. 7 V-/;:$:.tf;;if--!7 

43 



4. 2. 1. L !llHfJ;i;iJ 

11-!1 t:.MT ~:tl7:::dBifJ;t.7J!'iSI 16 O)m-€f-r:i60~ 

1'1.1-, = m/ g · li 
- 4 

11.1"" = m,,; g • 11 
. 4 

Mv=lvf1 +.ll.11 +M3 

U,,
1 

= _,_\fv ·(l + Cv
1

) 

Zx, 

M4=M1·CH 

M5 = ,\f1· CH 

MH =}.£4 +Ivl5 

,'J ff 
{]'H::::--

Zyl 

a 1 = o-w + er ff 

g: :MhJJOJffi:m'.:(-=9. 80665m/si-) 

1 : :*-IT v-1vfmi§.M(=19000rnm) 

11: f. P !J 1.J~ (7 V- Yi:f:l:'k:1t~l:. ~ Q~if'.l)iE_:jf V- JV.,!:: }. i:::t !J .ijiifil ~ J>ffl;!1tt19'.rn) 

m~: 11-.;J' 1 ;t:~tc ti O)~~~kg) 
18i,. : 3::-~!Eft.fi;ffil (=150000kg) 

m,, co 'l WJit~g) 
M) : ff-7''if:i;:lz:: J:: 0 ;if-,;/r:f:l~$0)~iR_g!i ~-;'-'E- 7 Y !-- (K · mrn) 

u2 : 1- w ;; ~ii:.: J:: ~ 11-Yi:r*m;.:J)~uran i.7-t- :~ y J--- & ·nmt) 

M,: 'E~JE!i>fliit (1"':S:) l=J:0:tf-7<?9'clllo:>li<ii!:illl>foe-;< / HN·rom) 

M, , *'f'-:l:J:= J: '3 ;\1- 3''il(:!i!;l=xt-;- 0;ll-7<?9'i$<'>7J<f'lillff't- :' / ~ (N·~) 

M, : 7k'!'JiB~1J le J: 0 " o ;J '!f:S:l=xti" 0 ;1.i-?f'P9'cilf.0>7J<'!'lill lf'E- ;< / HN·mm) 

Mr;:: jf-7·i:p~Jffi,O)J§'"ff-7f:.¥!il:l~f-'E- 7: /I- (N·mm) 

M1·: 1f-7<P~$0)it~+murEl:l:Jtf-'E- ,--.1 Yi-. (N·nm) 

z,,: jj-j'''i:t:k::~~O)X'11Jt::.~Tbltlfiti-%'.fz CT77Y/JJlljj i~S) 

Z,-1: ;t'-)i'i:p~g~0)'{'8Jt=-lil-t-9!iniru-:ffi~ CttG.:ffV-/V{JllJ) (~1) 
a.1 : M11 ~;:J::{-,ff-?."i:f:l~~1·D!li!tf (5!:m) ,i;t:./J(N/rut:\2) 

a,' ;i.1-?'<?9'cllllo:><i!llf (<Jill') £1,;iJ(N/mm') 
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a v~ : !J,,, i.:: J:: 0 ::ii- :Y" ::fls'tj'.ff\<:1) i!3 ~f' ( 5 I 5N) 1-:t" JJ (N/mrn:2.) 

4. 2. 1. 2. -IT }J~Jt; tJ 

71- 7"·1::.:ttT 9:i~c:k-tt A.Atii'i:i:::hft~ 11 0mE!t:&-i ~, 

A,: ::if-?"'M;i~O)r) ~ 7~1)1tififtj.{l~2) 
g: 1i:.7J!Eli*If.(=9. 30665m/sJ) 

i.: 7Eff:..----;t-P,,IE§.~(=19000mm) 

l, , 1-" 9 :il'q;j;r.i!!!l'l-~l 
11 : }- P 1) :ii~iE:ff~~{Plj 7 V- YtffiJm~:.~0:!SiJUJ7:1§:.fi V- ;/ t t- o '.) $.~ ,!:'. f.TJl[€~ 

~m) 
m,, 11-?'' 1 4''1ltc ~ 0:>'!Ui!:~g) 
!:I.,: ±~JE:f&.fij£(=150000kg) 

rn.,; f- 0 ~ lt:S:~g) 
Q, ' 11'-?''!Ul:oc J: Q 7f-?>''-'iif>0:>il: k-illf:IJ "~ 

Q2 : f- a !J W~lz:.J:: 0JJ-7"'~$·))-tl-f..,lf1Th (N) 

Q_, : ±:§fi:'.~i'iifm: CW:i:) ~.::. J:: ~ :Jf-7'~t:S'ff~O)-fi" A,Wfj; (N) 

Q' jj-filliJiij;O)i;'~t'2:/vlllffl(N) 

4. 2. L 3. *.§.·ifitftt:1J 

Q -(m_-g mm·g ·(l C ) 4-.
4

+
4

)+v1 

Q, 
T.=-

' 4/1 

50 



A1,1 ; ::tf--$>rp*$0)WJ"ffi]:ft~n") 
m. ' ±'It )E!lfJili ]!;;( =150000kg) 

:nt: !-- p y j;f~~g) 
Q, ' ±"")E!lfjlljll\ ('l!fS:llHJ' I- " 1 'If S:i~ Jc -5 :I.I-?' 'i'~illl (1\1\IT "'-ilti;i!Li!!'.) J>~AAJ:ljjJ (N) 

~ , ' f!- ?' <P 9'$ (Jlli1'F>i<M!f\ili!'.) o:i-lic AAlif Ji;jJ (N/mm'l 

UT ; _if--$' lfl*~O)jf'Jl.~itJ&j_J (,'l/rnnr) 

at: ::tf-Y'"P*~O)lii!!f(51~).~j](N/mni) 

I 

I l 

_m_,_. _g + -"""=-·-'! 
' 4 4 

I 
/. 

H<J 17 
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4. 2. 2. /;l v- :,-'J!tflfffi 

-'i. 2. 2. 1. ;l:bifft:1J 

k _ J;<[4. z24 

' l,.11· l22 

1111 =3+2xk1 

W- _ !_ P.-11· /22 ! 
J. Bll-1 4·m ! 

' ' 

Pi,ll 
nt ·g+m .;g 

g !'.- +Tn ·g 

y· = Jiu 
"II 2 

2 ,, 

I,, 
]If B13a = 1\.f BD • -'-

/ 23 

Mvi =(.Nfs11 +M.Bll +Men)x(l+Cvi) 

~ilfv1., = (Jl..1 BlW + Af Bl2a + 1\1 Bl3a) X (I+ C;·1) 

M = P'",,14·1211 
~ Bl4 2 I 
.P;.14 = (F.-11 + 2 x -P.:12 + tn11· g) x Cw 
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I,. 
]l.f BU a = jl,.f 814 • -

I,, 

Alv1 +Jl,,fBt4 
(J Vil = 

Z,,11 

MVI<> +l"1.B14" 
crv11a = z 

xl3 

\1 _ Pk1s." 123 
L .SJ3 - 2 

tng• g+mg1 • g+mg3 • g+mg4 " g+n1n· g+m11• g 
Pk1s= 

2 
xCH1+fi1zxCH1 

P1:1s" 113 

I 

g : &JJJJaJIBN (=9. 80665m/s2) 

Hau: f- q lJ ~AJ: J:-5~1Jftttl'""f~O);;j(.:ljl:1Jft>J&.JJ (N) 

H.n' ±~iE~wli (fi':li) I~ J: ol'IJllli1T111\0)7"'J'JJf.iJEi:h (N) 

I"' ' ~IJ&Jl_lclH\O) X ... l~ll!lT 01ijfilii~lOl:'C- >' Y e -.,,,.,) 
I, 11 : ~1JN.:J-l~l.l_:tf-;70i.t::~~o:; X iM!f:MT-5-lt1i'iiL=tr:.::e-- ~ ;,.- f-(~4) 

k, '!iilJ!llJO)~IJJt(-) 

1: *D V--;Vfl.'j:l§_Jll(=19000mrn) 

1, , " " Y 11<;i.r;ilf'Mt <9ml 
14 : r o !J iJ'>/E.ft~C1ll.:7 v-::.---·?ffii~t::,:tt;..o~-EfO):*ft v-_1Ir t: ~ o '..] _ij[_~ ~ O)ie!U 

~) 
13 : f-o _I)?._,,.{:;;,'~) 



. - ~-,,,-_, 

1,, ~'illlll:il!lom0~1Jlftv-;v<l'L·:clo-r·"'ieJ!!:~l 
l" ' i'PJ!'lomZF.lllle~t CF!ltli ~) 
l~ • l'l)Jll!!l..,Zroilleli!t (l:,WJ) (m.,,) 

1 . ~1"'-~ (- ' l:;3· l"'Y.IV+~C ~! 

l:M : P';PJB!tiffe: ~ ~} 
125 : ~Jftt!iJ:.--rW!ZO)~ ~) 
1% • "'Jllllh~!-;J<l-1ll!i:<-c'C')""' .,..) 

m1 : OOlj~O)/f.fii-k~~(-) 

"'. ;Jj-/f 11''1lk ~ C')l!fji (~g) 
m~: R~ft:fij-~1l1J.:f.f-Y0Wt-ks) 
m_,,3 : JE:ff$€n~t1~!J~IJf.f- -7 ~fJ:. ~-jti! f-kg) 

mg4 : N:l.EfT~~f)l!Jff-Y~t.t:~WM~g) 
ffii 1 : lE:ff*fl·~~lj~IJj!pl'.l)jlS;-kg) 
miz : fZ_~fT~~1J!!Jfi11jJ!Wo)jf§ (~g) 
m. • :E\'i')Efl\1\if.!I! (Jtt) ("150000kg) 

me: J--o 9itS:: ('=7.-1-1:', 7:Y)~tr·} (~g) 
M211 : _71-;t ~Mt.: J:: Qlij!JlijltD~::kOOtf~- ;l :.--- J--- (N·mm) 

M.~lla: if->rtr:ZJ.:J:.0~1j_ij1jijz1J-.mf®1llift CT'lffi) 't"O)d!Hf~--:) / t- (N·mm} 

1~12 : 1-- P V ~:&:~.: J:: Qlijljl}ij!J)lt::kEIBtf--: - 7 :---- !-- (N ·mt) 

Msns : l- P .!-1 W:!il-= J:. Q~IJijtll~Jj,Wfjfil{\l:II': (T$} --z"O) ;l:f:J f'f-'E-- ;l / l- (N ·mm} 

~A~n : :E~/Efg.1iif_il (~jl) !:. J:: 0~·Jj!JJO)~:;kB:bif .:f:-- _;l / I- (N·m.':1) 

M~n.: ±1%Jf:f&W:i: (Wit) 1:.J::0~1J!f:l!ii1J•Wflii{l!:i'fl (ffffi} -c·O)afi~f.:r-_,: :/ t-(N·mm) 

Mm • il'fi:!'i "17J< '!' Jilll!tlJ!~ .!: 0"'l!llP C') Sil <f "E'- ) > J- (N • =l 

Mm 4,: :'Etfh~7.1<¥ffii~7J~;::J:: Q~!JlltJl._,J,WfiID{ll:li'." (Tt'B) C'O)!l:Blf"E--:/. / :-. (N·mm) 

Mais: ~fj-jj!RJ7J<-IJI:l&~1Jf;: ~ ~~Jl!!:IJO)S:l:Jtf-=E-- 7 /I-- (N·m:u) 

Y8 is.: : ~ff }5!PJ7J< lJL:tt!!!i:tH,:_ J:: 6 f(llljlltJl:fi:iJ•Wf iiiill.:lil (T*'~) ---C 0) !ti! 'f-=E-- ;;--< ::_.,., ;.., (N·mn) 

Mn : ~JJIJ0~iiliJii'j'_&{.:: J:: 0·6'-~f lil:rif-=E-- ;" Y l-- (N ·~JU) 

~.!Vb '. ~Ifi:f,if~[;: J:: 0~1J,lltlJ~1J•l!IIOO&~ (T~) -c'O)~m-1ttnf-r- 7 / r- (N·mm} 

Pkll: jJ-::7-'j{~t,:_J::{)ii14IJ~\;:_!JJ:rb!:,f,ij'Ji:(N) 

Pk12 : l-- o '.J Jf:m:t.:: J:: .Qlfilj~~.::tub Q,fPJ]f! (N) 

PkiJ: ::E:#:@f&f,ifi! (~!it) ~.:.J::.9fii'j1J!!;l!:_JJa::b0~:m(N) 

Pu, : 7E.1T:1JfR:;7f\..IjLJ:l!t~-1J (N'J 

Pus: P\Hl1!ll ::_ :::$:~=-11=.ffiT Q~ITtirPi*--¥±1!!.it:1J (N) 

V,,i 1 : 11-;f!IfA:i.::J:: Q[iij!JJl!---;=;-$0)~Q'ii[h$J!XfJ (N) 

V~12: f. o '.J ~:SJ.::J:: 0iiijiJB!fl~Jmt])fS'jl[_J]fPJR:1J (N) 

V~ 13 : ±~;t.t#fijfm: (~~) t.::J:: QMIJl!t!TlmO~;iji:_jJfi~>l&h (N) 
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v.,. ' 'A':ff:!ir<'l* 'l'lilll'f 1J 1:: J:: ·!> ~•JJIJIJ Til!lO:l:i;lil[::>i fiil!J<' ti (N) 

V~ 1 s : -t9iffjj~j:.1JL±tf!.~1Jt::: J: .Q~!JJUl!TjffiO)jti(i:hrP:IOCfJ (N) 

z,., 'lillJIJIJJ:SilO:l x .,;1::Mi'" o!llioo;if.l!<·~'J 
z,,, • lillll!PTiITTO:l x .,;1=Mi'" o!lii!llliif-\\'<~') 
Zn, 'lilJ!l1JJ:~:lo:i Y ... lcll'li'" o!lii!lll;if.lj(~) 
Zy13 :ll:JJB!<PT~(7) Y $li!~:::M--t0!tlfoo%~~) 
a va : ji!Jlj~tl)iE:fT::OrP:lahfff,j}.jJ (N/mm2) 

a nu : jijlj~tT;titIT:hrP:IOO~-fJi,:::fJ (N/mm2
) 

a t11: lil'J~:1)!fuit~Jt:tl (N/m.112) 

u vu .. ; ~1J.ut:1:f{;J•W.m&I!: {T~) "C'OJiEIThf.iJ ii:l:l~f,~1J (N/llllli") 

a"'" ' ~•Jll!il,;i,,Ht"ooi!Iii!1 Cfilll) C'o:>!l'lrr::>iri'.iJ !illif <1,;JJ (N/mm') 
a tl'-" : iiJ1J~ii:1J•Wim:l&=. CT$) CJ>!lE tfft.7J (N/mm2) 

4. 2. 2. 2. f:EJiJ;t,_1J 

pkl6 = {J?·.,lt + valZ + v,,.l}) x (1 + Cvt) + vet14 + }'".,15 
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tT>, j IS ~o"JJJl.fa }::_)~fr Lf;:__ -tt~~~~O)~~~-'\=>, f&ft · fM~:\i:J:;l'lt-t;.t:::_;ij::&') -'.St-ff;t 2:: ft!J~(l) 

ltfll!'C Ii: lJ-;-9t,tt; · !illJ.:n/£"l'li:l*lfl-1 ;:,, 

l. l. 2 ii'f1~t-1~¥1iJI.it!)~*)j')?j· 

-?<Jimti!*1'ii!l:llll '1i' ll: 1;;..;11-;-oll!l*l'° ? t~ IB:Ml't'it:l'!'! ll: r'J{e]-;- o '6 a>1.t, r .JE'll'l!llll( 7·1Pllt 

~l~!Jo~-j-9 iilmiiltt.tlii'il'lt# J if) R .'/ 7 A IA'!;; (!')i\lt(lil 21ll'~-51t ""'· ;lflml'f 1".lHl'iT 9 
l~if:;t- 0 -c ii, r JEAC460l _JJjt--1- ;'J JB~JJTiiiH~~iltilffJm.~1 (.EJ. T, "il1~IDt~t1Jijij:JJ;Ji.fj}J 

~l,->) 0 ) ~[;:::_$;'fl--t-5 0 

± 1';:_, $:'!5i'l' 1m1 r. L -c. t£tfilli~t!J s s -~a ~f})* 'fi.f.:& 1:::.:*t t,, -c ~:::+:ttt~,~w ~ ;ri_,.g :=. 

~ ieit::n-;-"" 

I.?. ijffdlj":f.5-* 

I. 2. l ;j;'y7"'ij'f 

< J) m~~$ti\+fil!l 

~/::..f-jj>--fo,j'.;m*~ul:i-Qf:-_!/::, W:Wt • .@:~JJ!}-hOJ~;jtt:::;:t~,fl, b~S-'.,/,tl,-\, ],:/.P 

Lfd-.·iJ: G, .bl T;::::. .t l:J twit •{$!1'11-t1: i-~tf;.'f-: l/ j';:_Q 



· :,._;ffJW.t&\::;@-tr L.t::.;:FY7t:~JE-r 0 ... 

• i!il\lil'clll'E (J!io~Miff) ii: 11 L tc oJ: '//" il:iJ<1"·f-0" 

· ~~~tz:_J: *J, ii-~i;:~W-~°''lttl7~v', jB!!Jii,~,1~1i21.--~;)tb\fctt'2:. l: ~~~£-t~,, 

(2)rtit&t1W'fllt (f-t~~J[fif: J!1JJi'.ifflkf$.ill7FY-f) 

u. ~J~;F;v 1- OJ~'<iim'~'F;'iffiiit'-iIDtif-fkfl'rtti.WO:::.itti'.Wl'fil )Jf:li{::. 1flif;g, L -c~-J~{iffi;y~MIT L-f.:." ~'!' 

fiffio)~!J!, ~m,J~;v r.O)~mi.rtt{titfJF:~n:s.:.. t P1'ltt2- L-t= (2< 1 )" 

m[kg] 

~· 

' . 
: l, l 
~ 
L i 

H 

L ~f~;}~;;,, !--~ij0)/,<°¥:::171PJJi!R~jt 

m t>lt lffi 1!1iil: 

g 

H 

L, 

]J:1Jj,ilJi'.iL!£(9.80665m/s2
) 

:jg-f-rj"f:fii-/J' G rJJ ili•L• j: -cifJlf§..R~•••• 

.J!•t,•l:: ~li~;ti;V t-:ri'~{J)*-.lfi-Jil:,1~8/!Mt 

llf' : 51~)JcD-ff:Jfti-0 ~fi!;:J{;V f- 0°tf1lffi_),.;.{i.{(2 _..f,.:) 

n :¥.;Mt*,';Y !- 0)4~jl;;:i:(4 +) 
Ab ~~~JV!- O)!f;IJ;t]f3'1jf/t 

Cn lk:qI.JJ~ii~~t~!it 

iitm R :7 ::; :-.z m 13 : c. 3f, 

O>J;ll S 7 7 A lJl >'j • 0. 80 

Cv jf}~_h-f"ilif:\i:ITT-~flt 

llll?g_B -7 7 7.{fl~ : O 

;{lf~flt; s /,I 7 .A ff!~ ; 0 

CH= 0.36 il>-m-8'- Ft.:=:-625N < 0 

CH= 0.80 JJ~k Fb=1218N 

F, 
-----

Ctt=0.360):1-&{i ai. ---IM!-'a < 0 .t--:::.-C, .g;~fttlli.ji! 1f.G.(i:li'~ 

CH= 0.80 (i)mii" a I; =3MPa 

CH-, 0.36 0~-A- r ~ =2MPa 

CH= 0.80 fi)~{'; r ~ =5MPa 

11xA,, 

' 



::t:t::.., 1"f~J:tiJLi, 0.TOJ~-z'~ft;:'._,1::__3 

~dilt:;J~;:..- }->OJi~°'T-?r151iJRLL~jJ : f - min(frn, f,~) 

,:_..:_-c, FiJ:f!:;{>:t~1'X¥0 ~"jt-. M!:ID!::!;Rt& JSJIE s ~'Cl-2005. fJ_~~l3ZParL 5~8 

&tJ<$:9 J; IJ, li-!itlififi_~!fi.iilffi.Lfr («,"i'.lli) i.::::j:s/-76 Sy fl![, Su i@:-a:-Jf;l,-\, T~i:rti.."::--C~_IT~~ 

tc, 

F = min (Sy, 0. 7Su) 

~y : -=it. 8 J:: tJ -:1.0"'C ~itnt : 245~1P-t1 

Su : ff. 9 J:: tJ -30"C~40"C : 400\iPa 

f;t:_,,-z-, F '--'min (Sy, 0. 7Su) = nin (245, 0. 7X400) 

Jt~t;:;r-;:-- ~ OJ~r·W51~J:t:J:i : 

f = min(f,,., f") ,.., {183, 253) 183 IJPa (Cir00-o. 36 J):t-l.j.i:f) 

f = min(f,c, f,_)-= (183,219) 183 \IP<-. (G,,=0.80t})m-.g-) 

f,,, = F/2*l. b -=- 18'.l 

f,. = I.4Xfto-1.6X r-:_, 

- 2S3 (Cu=C. 36 (7)~¢,-) 

- 249 (C~=o. 80 (7)~(}) 



h. •.r.fllJ:Wlilli 

lllii\il"-J: "'""'jlj;'C- ;< :,.- " i: Iii ml= J: 6 ""' Zc·- ;< / Hr .Ii! tfj I_,, -ttt G ~ lt®'-i- 0 ::. 

~ i:=J: I) il'iifEJil'¥{iffi1!:~1iih Lt::.-,, jp{]ij(l>:ffl~. 111!~:.:J:: 6f~t§J~·- :! '/ t- l'i B !Rt: J:: 6 't:i:-E 

--E- /! :,...- !-- ,t '> -'J' ~ < i.t .g ::_ ~ J'.p G, illif!lf L f.t"lr '- :-. C :8:'.Yft~ :___ t=-~ -:J=. t.=, 11!!~1-:: l: Q t~fflJ 

-'E"-- 7 :. . ...- !-- >El ~l=- J.; -5 '..t:IE-T·- ;< / !- ~ /t: ZJ ti OJI:. --.:it< \-c t'i, a. -c0-l!I·~ 1.::: J:: 1'J £~:¥ 

;V }-. UJ ~!!t,J:ft t,~~tf!"< ~ :h 6 .=_ !:: iJ-,, f::~,ij!,.2:~J LI~;:~"'::. !:: ~ 1ii.~2' L tc.(~ J )~ 

m[kg] 

. 

H 

l 
~ 

Ctt : 7k'F75"fl'iJIDtJi!·Q/J'. 

:it~B !J 7 A}tl3 : 0. 36 

iit~S J-· 7 At!:J::ti : 0. 80 

m t!ii* ill t!M •• 

g ill tJ Ill 10fillll' (9 .80665mfs') 

,'.:fil~l::J:Qlj!i.J1'lJ-=r-- -,,..J, >'}-:~VI: =n1xgxCu xH 

Ctt=0.36<7):§.g- M1 = 8. ~OXlO'N·rnm 

CH=0.800)I'~-§' M1 = l.90XJ06N·rum 

R£i.:J::6~A:.oc--//}-: 1\11 =1nx,\ixL :::.1.1ox10.,l\·mm 

--- --

S.30XI05 L l-OX 10~ 

£&,~ ~H ~N: o. 36 

N·rrm 

MP a 

UP a ;:f,1V f-- -l:t.lvl!;li 0. 3G 141 
~;-~!JR A<tt~ ;J.t '/7° ._ ___ _,__ ___ _,__ __ _,__ ____ _,__ ____ --+----< 

*j:t;; $.F..f:JJ 0.80 l.90Xl0~ l. l0X1~l> N·mM 

3 183 \IP11 

5 141 MP a 

4 



1. 2. 2 5' /~lji, 1_!!};fft:J$:,&1t:7fl.~1J 7 A 

(l)mfil1.1R§r~'fi!Jli ((t~~frf,t: ~mt7J7A) 

?' :---' !-' 'trtl:t, SUS316L b L < id:U!~ff\I ~ 7 ..r ;_· :---' ~f' ft) t T 0 t1'>-;J-,tt;i.0;~11Yi:.Bv' -C -- ·!lit 

W.*-& c -19 t: YJ, :t-t'f.+~u:i:;.~ n> tJ: < , ij)t~t · -~~mfftOJ ~"'ki:.rd:~,-r L. 1,;Jii.g- :__, IJ: i, \, :... 

i.P L !.t. ti~ ~, IJ. "f !::. J:: 'J i~t 't~·filt'f. i' 1i"6' fol-: :_, tc.., 
. ...i.:.m-t= -z-ww::a:-rr,, ,~ 1'Jt~ -i""liltf*i·<.)., 

· ;iJ<~K: t:i !-=:,t: {>mf£W!J(1)iffi.t_ ~ 'ii1ltr-W~ft ~., 

* t-., '1&~1*& t):::J11ll:il.tJ 7 .L, t~I.. sus:315L .'::: ·<J-.Q b~tJf.tvJh,1'3~(:.:i3V ,-c-~:tfo~o'i: .!:: -.J- Q 

t:-ttJ, .jYj :f->!·~itt!fli•~J'.t <, ~trt · ~~}J!{~O)~$:l~:::t£.f L. b®·6- l/i.;:t;\0 L7J> L.tt:li~ ~ • 

.!2~ T ~~~-~ -!J::. l:: <::, ~t 'f~Wffli ~?ttf!f: :.....t:_~ 
· 0!'1\:lm.W:1;:jjg-g- Li::-h~ffii:t_;\f;O"J S!!S3 I 6I. a- 1tllr'-(IJ&~±"*, fill,J!#jJ 7 .b.-2:-'":fQ ft·~-;;s,, 

· fll'llHill'l'ii, l'T Nii!i, ii£""ff I~ J: <:> llll :Z Hilfi2ii)C .,fr 5" 

· ..L.§t::.-ciS:ft}"tr-:ff t .,~t- \/f:/jf :fr:li!fi~T 0 ~ 

a. 7' ;lJ - f-. :kt'f t:. lift P1ffliff~~~d: 
7,j;- r.. :Rtft.:_ -c~Rf#Jif3'.#~!:.: .... Jlt'-Ci:J., ~9'.t·+ • ~~mm-i=~M 1/, tM~t¥fiffi&':Jl:.1illi 

l/t--~ ~'f'.(1I1i<l)W:W-:, lKVJV::E (l/~lDY:~7' :,...- .7), :i'Rli:J{1!Jt1i+:.1J (ffl~~?' YY) l.:JE.;;t t::i.t16 

=- ~ ~lift'.ifil L,f~ (1( 2 ),, 

d)EliiJflio)&;.~fkJW 

1
_ PD, 

2S11 -l.2P 

=12.29mm 

t H:i;jO) itt-:it. J::~,!J$I tt;!f- ~ 

Di : ~~OJp';jff(l354n1m) 

P : .®:~0.!fflr+JJ (l.37:\1Pa) 

S : ffi~M!Jtl?~0Ct=:t3!t .[1J,:,J;f,!·OJ~!f~5J ~fth (109MPa) 

Jf : -K+¥!If-iJJ)J.J-$ (0.7} 

t:t::.L-, t 0jiil:tl,¥,:*itill. iii:-fr,_~;j~OJ.Jggj-;t t:::: 3.00LmmJbJ._I-_, ~O:>{filO)f?:~O'J~{}!:t 

t - I. 50 [l'.llll] £1._1_ !:: i- !J., 

@J:;l;f,'i 0).(';-'!l!lioJ Jii' 

PRW 
t~ 

2S TJ-0.2P 

'--' 1 :;_ 09.nm 

t :f--;tif)~t~-1!-£'.",~is~<'!: 

P IRl!:;itmr+JJ(1.37MPa) 

R M#f.{U)IJ• -9ttffit--=::to ft{°} r*rm:i0i'-f£(1350mm) 

w 2: \~~tftfjiO)Jf~~i·:.J.0f°*~(l.54) 

' ;'< "'Hi!i!!J<o)-j-;lf-O)jL;\<-O)i*J~ejJ<;(l35mm) 

s l::iW; ~ffl?!al'ti:.Bii- 61't~~J--(1)ii-'fZ5'. ~~~L~.iJ(lt}9!vfPa) 

11 ~-'f:0)$;.11i4-t{LO) 

5 



12. 29 18. 70 

13. 09 20. 70 

5 



(2)Jit~t;t~~~1li ({~~~_\.tf;ffi : 5'.I'~fil_:fJ 7 ]_._) 

a. 7'iJ- r-x~t,:.-cifi:t-Y~r:;:w:.rri. 

(a) i!:fiJi*;V I· 0)5jj_;~iff;lli 

il'UfJ&~:IttPJ'itif:J!l'IClJ~OC~fiffi:4 t·.t;=.41ro L. ·c ~iffilli tr~.l;tl l,, t;:_<; -gojifil!jO)~ *' ;li!;Rl!f> JV I· 

0JS;ii:1jtti~Ptflf-~i~;;s.~ 2:'.~n~~L.t:_ C*.3)0 

m[kgJ 

~1--------~ 

L, 

Ir : ~~ill'§ 

g : fil1J;iJll-J~~(9. 30665rr/s1
) 

" , W:i-tllii!Ho<T>:il!>i'.'"'-cnie~•••1t 
n : lt~*-'i- !-- J>=*iJ: (4 4':) 

At : J;l.;~Jtf;j{;i, !-- 0)4'dJ!tl[ffii~ 

c" : Jtz-'V_h.ftlf&'~l-a!t 

ltJfg:B 7 7 Aftl~ : G. 35 

iiillii\1 s !l 7 ;zt!J C'l ' 0. 80 

Cr : ~~)Jftij~~~t~_Jt: 

H it~u :7 7 z:tti~ : o 

iii·I iii' s !l 7 A l!l "l ' 0 
c1 : :.PV.!¥Jl;o)f~b':it ~t fJ it?l>Qt~it 

Cu '"' 0. 36 {:::.~?\-- ,-c : 2. 2-45 

ell = 0. 80 '.:_;p·,,,-c : 3. OSG 

o ~: EW!;~;v I--l::.itJHi-D~liJmi:tiJ 

F, , Ji<;i!!'ti'JJ-.l·f=iFJH-j-<S~l•tJ 

ID &•'1'~~R~IH~631•7l~Wffi~ 

® *••Rwm~0~•n~wm~ 
H : ~j~;J~;t-}>O)l-'..

0

y:;ffI]!l[j1: (J258mm) 

L1 : ~li!§:;;f-1v }o_>t:"~·TrJif-!,f:.,t.i~G·:bl~-,:_»:7)jjo!p;f!;: 

C11 = 0. 36 {.:....t-;::,·,;::- : 

Cn = 0. 80 '.=..:t:;-:·:; ,-c : 
L~ : C:Dt.i\G®ol:.-c1})ful1\lt 

C11 - D. 36 {:.;RV ,-c : ••• 
CH '""' 0. so ,::-_:}3:, '"C : 

;1;1.;iiiJi#;V l~t=ftffi-J-5':11'.itth: fa':= ;
2 

(111 x g x CH x H -n:x g x (1-G'v) x L1 ) 

Ca= 0.36 rJ)JR-ft F, - 218 l\ 

Ca= 0.80 r,')J~-fr F,- 3•1303 N 



Cw 0.36 (.7)~-A' a~ = lUPa 

C11= 0.80 0)@--fr a 1, - 39YPa 

tt=:'"'-" 1 .>-1-·u.r·-;-, nrxgxCH 
=Wi!~i,JV I' (!)-l!._/..;µi;~i:,'/...r: CL = 

11X A1; 

Ctt= 0.36 O).t,i-0- Tb = 12}!Pl:l 

Ctt= 0.80 O)~-fr r b - 2GJfPa 

"J:t.::.. iji{;:;.t_~j:Ji-J:, .l;J.1--V>i\;-C~Ji:L.f:.~ 

Jtij,)!ffi1V ]-(l)~'!-~i];~~l~/.! : f = rnin{fro, f,.} 

.::. ~ -~·, F tt !] 4:imt~q:f::=- K)t~i- • 1¥/btWf* JSME s NCl-2005 fi~!~J~ Pai·:. 5 *- B 

&0:1< 9 J. 'J , ~~t·i£U![ 50"C f: . .t;rt Q Sy ~' Su fro: i'.%lJf~Mlrn'i 1_...i',:.fU'.f i· ffiV ', rictc 

F = min (1. 35Sy, 0. 7Su, Sr{RT)) 

Sy;$: 8 J: t:; 40't: l75Mra, 75'C : 154 Mra 

Sy'-" 154 + {l7fi - 1.14) X ~75-fiO)/(?f.-40} '"' 169 Uf'<i 

Sy (RT) : :If: 8 J: 'J ~fiJ : l 75~1Pa 

Sy (RT} = l 75MPa 

S:i : W 9 J: I') 40'C : 48C\!P2, 75"C : 452MPi:! 

Su = 452 + (480 - 452} X (75-50)/(75-40) - 472 MPa 

lit0-C.-, F =min (l.35Sy, 0. 7Su, S;;;(RT}) =min (228, 3-3-0, 175) = 175 MPa 

];;U,~;;f-;t- 1' OJ ~l;ff iJ ! ~f(.tt~JJ : 
f - min(f1,,. f,-') "" min(131, \64) 

f = ;ni11(f,.,, f") - min(l31, 1-41) "" 131 l.lP;oi (CH'-'0.80(l)m6") 

ft,, = F/2*1. 5 '"' 131 

fh = 1. '1Xfto-l.6X ;;b 

16-1 (C,;='8. 36 0).§if) 

141 ([;1=0_ 80 OJ±Jbk) 

B 

101 11Pa 



(h) J11'11Ji0)1~'l!'IHl'i 

iif ~~ltf·Wv;rm f_~O)~l\L:ft~f f[ftjjJff.:(;:_ ?jI;~ l_, -z-. ,~!iltROJ5il.J!r~¥ flli tr' :k£t!i L f;:_,, 

-(k-fl:Z~_i;t)J o 0 '!i:-r-~~O)jJ] ;J ~¥-filti L-. ~fE.{@- ~~[ill 0 :-_ 2 Kiit~f: L. f:_ (~ 3),, 

cr0 =1l-fax{o-,u,O"c,-} 
Ctt=0.36 tl)~B 48 MPa 

cH-o.so O):lJi-A' 481'1Pa 

_II /I )' o-o, -2· f79 1 a"'1 +v\a_.-a,1 +4 

Cu:=-0.36 O)!~fr 48 I\1Pa 

Ca=0.80 O>"™'-Ei' 48 !\tlPa 

t I - , l 
rr00_= 2 ·r~-t-rrxc·1-~(u~-o-x,) +4 r

2 J 

0 '<<<0 ~/J:.Qf..:_/ef)"tf{i!J(~* 

a o c 

-()Z--11'.f~~tt-JJ. C-5:'.}f.HlliD 

: -tX-ittn~rr-n Ci+.ti!t.·ilJD 

rr ~ : )Jlii!O))t,J}ifi'i:J:t)J,7)'.fH 

Ctt~0.36 O)~j} 47.20 MPa 

Ctt=0.80 l]J.;i,i-fr 47.20 MPa 

u.,,, : IJJillOJ!MJ1J;P1J.t;fJo)fiJ (ijl~~fl'.i:) 

CH=0.36 O);S1fu-i{ 24.% MPa 

Cn=0.80 tl)~{;- 26.10 MPa 

a ~ ~ : J!Jilt7).$$1J!fiiJl;JJif.lf'1 (J+liiHil,t;) 

CH=0.36 O:>~.g. -22.42 MPa 

Ctt=0.80 o:>t~ 13' -21.29 MP.a 

r : ill!_)%:\,: ,t I:> JIFl ~~ !f:: [, .:;~-It A.t;:tli1~ 1J 

cH--'o.36 0>~-0- 0.49 t1Pa 

Cu=0.80 O).ig,g- 1.09 MPa 

a= tlAX(M£n(Sy,0.6·Su),L2·S} 

.~. ::_ -C, a i:t fl 4..:-~~:f:~ ~Sf-· ill,~Jfi,f8- JSJ.1E S NCl-2005 ·(-J)~ffilj( P2.rt 5 ~ 5, 

* g );!;_ V:.*. 9 ~t VJ ' n'l:"!l!-il.~tl 6G°C};:j:3~t Q s fil'[, Sy lui&V: Su fi!. tr- ~m-tifi~~j L.. t~irn: ~ 

Jtlt•, Tf.~~:i:\,i;:-crof.If'.":____,1-=~ 

S : '* 5- J~ 1-J 4-lfC : ll 1\1!-'a, 75°C : 108 Ml'a 

S ,---- 108 + (lll - 108) X (75-60)/(75-40) 109 MP~ 

Sy : 7!<_ 8 J: ~ ,1D"C: l'f5MPa, 75"C: 154 MP;, 

Sy= 154 " (175 - l.54) x (7:'i-fi0)/(7fi-40) = 163 MPa 

S:i : * 9 J: lJ 40~C : 480~!Pa, 7fi"C : 452MPl:I 

Su = 452 - (480 - 452) X (75-GO) / (75-10) = 46'1 MPa 

Mj~.fR-?j,:-~~~J;thtJ>t~:'ii:ftiJ. u = \li\X(Min(Sy,0.6·Su),1.2·S) 

= ~fAX(Min(l63, 278), J~O) - 163 MP<i 

' 



(t:) 7,-J]- f-VJ1ffi.15t~f1iffi 

ffiit~ilt~f-*f·ffijl~_;J)5~£t~t{i[h-H~~;:::$j~ l/ -c, A 1J- l--- O)J!lL~lii'f;R/~~Jtlli L f-.o 

~:§"fr{!:-fiSfJ" ~~ t'KCO)J.ifitJ~'fttiiL, ITT-${jl\t;-_f.ldQ= t'.~~i1':f;{('l_.f~(~3)., 

C8 =0.36 ;J)~-fy 4 tvlPa 

Cn=0.80 0.IJ'.-fi' 8 MPa 

"£t.-, ITT·Wf.t/:H±, ;}J.""f(l>::ct-z~~XJtl,t~--

D1:~~-]·0)•a1;::_~~ft~~~h 

C 11=0.36 0~-fr 1.20 MPa 

Cn=0.80 e)-f:,1} 1.20 MPa 

a :t: 7..;h- f-,(!Jj\}U[Jj(rl;t1;~iZ- l:_{i.~:/j(n::f.t;)J 

CH=0.36 (i)m--2r" o :MPa 

cH~0.80 O)"™~ o MPa 

n 3 ·~~-l---0~~~-~Y~l~i6•h~~h 

cH=o.36 0::1m-;;-- 2.29 11PR 

Cu=0.80 O)H!,--fr 5.07 MPa 

-r : .iffi~i:::_J.:: Q ZjJ~- j--. j.::_f_c_; l:-;;.)--lJ.·Jvj(ff:t./J 

Ca=0.36 0)~-g. 0.865 tv1Pa 

CH=0.80 O)~-it l.93 t-.1Pa 

AfJ- !---:Mii;'--lJ:!;t:jJO)i!f'.@f.tjJ G---' F 

:: -=. -:c:., -::r l:t 13 4<f~~-f:~ IDt~I· • ~filtMlt* JSl!E S NCI~2005 ii )ll'(,!;:.;l* P11:·t S *. S, 

'Jk 3 &U* 9 .t "J, ~~l-il.i.&'. SO"C\.::.tdlt ~ Sy irn:, Sy(RT)fft&r?'. St:. {@:~~mfllif'µ~ l,t·_ 

flk: :t? JH v \. -r---t~A i-;::_ --c ~!i;:J'.E L. t:.o 

I·'=min(l. ;~5 ·Sy, 0. 7·Su, Sy(RI)) 

Sy : 1-; 8 J: 'J 10'(: : 205MPa, 75"(; : 133 1!Pa 

Sy = 183 + (205 - l83) x ('/5- -SO) I {'15-40) 

Sy (RT) : "$.. ~ J: !J ~i&l : ?OS~lra 

Sy (RT) - 205\P,-,_ 

Su : ~ 9 J: VJ 4({(: : 520~!Pa, 75't: : <166\fPa 

198 MPa 

Su -= •166 + (520 - 466) X (7-'.l-50) i (75-40) - 504 M?a 

{;f-J -c, F=rr.in(l. 35 ·Sy, '.). 7·,Su, Sy(HT))= rain (268, 353, 205) '""' 20S MPa 



-

::!:: j::_, WW.~f lii:i r f fl.1.(1);.\,\:: J: I-) 11-v \, A jJ-. ~ (.~JM_,iffii/•~1:. L-1.t:'..-' =- ,!:'. i:-filt"i~, L f;:__ (;;fr 

5 lo 

1/·(a1+0-2)_,_1,1·U3 ;:;::;_1 

J; f,, 
CE=0.36 1)J~.g. 0.02 

Cn=0.80 rJ).fj}i} 0.03 

-'---

ll!!.i!i1111'i' !¥~'1flliPJF · TI'.fifil]!i;l'I 
' ~~-m ' ~~jz-fJ~~ ' 
' *'1--ii'-tt ' A.j;--· f. ' 
' ' JM.@ ' 
' 1':'11 ' ::ll* ' 

;J{;V 1" ' -Jr ,\Ao/ ' ' ;il!.J!f!.jJ 7 .b.. 
!~fli ' IX lttll!\ ' ' 

' ' .*HB--tr ' ;7.jJ-·f· ' 
' ' 1.;;lill ' 

,ll;lill' ' I ij I '!fr 
#;Vi· ' it !vWT ' ' 

o 1 :A~-~(J)Ht:~i~-~~$h 

Cn=0.36 (])§iJ 1.20 MP.a 

C:i=0.80 O)°W-6" l .20 MPa 

a2=~~-~(T)m~b1~~~(~~~-h~mh 

cH~0.36 0)1..§{t o ~.1Pa 

Cn=0.80 ol);!l-fr 0 MPa 

o :i : A jJ - f· (T) rtb :-f .:t-- - ;J / t- !:'"' J:: 6 lf'ii!:/JlnJ~t,;jJ 

C;r0.36 17).!Ji}if 2.29 MP.a 

Cn=0.80 l'):tj}-fr 5.07 MP.a 

f": $ilJIT'.ftrlf.trfil1=-'A10ii·F$81JruJt:1J 205MPa 

ft: ffu;f.r-;J-:-- f..(,:J:tT.5ii"':-:#@J;1Lrt}j 205MPa 

n : J.P.JtUJt:h t,:MT 0 ~±_$ 1 

' ,~;fJlii;lt . · ~l±HtK ---~'.fi'iji': - ljl{ti 

' G. 35 48 163 l\Pc ' 
' ' 0.3G 4 20E \!Pa ' ' 

I I 0.36 D.02 I -
' 

I I 0.36 l 13l HI'~ ' 
G. 35 12 lOl ~:r:i. 

I 
' 

0.80 '18 l63 MPH ' I - -
' C.80 8 ' 205 MP a I 

0.80 D. 03 1 - i 
0.80 30 13l MPi'. 

0.80 26 101 MP:-:. 

1' 



1. 2. 3 A c'f :;; l~-

(l) mJ1:gt!_t2iilfi (ft~;5"jt[#j: ,c>':'/7~.Ef:7/:7.A:'f-y };') 

a. ~-/i!t;J~;V [> 0)'MJ:ji!:'_f,¥{;ffi 

OOJ:5~iitttttJm.Wo>5t.N~f(dlihit;:-:itE.~ L -C~'¥1iffia-X,~ Lt:.,. ~-¥{jffiO)~:!if:, &n~-1~1v J-. 

0••~·-~h6 ~~e••1-~ ~·1. 

!'" . . . 
' . . . . . ' : L, ; 

l : 

H 

m : Mi;~il!lii 

g : lll)J}JtJilli0C(9.80665tn/s2
) 

H ; ~f-;f'Wj;9,i;O)]t,l_,,*.-C!})gp_P,!£ 

L· 
n, I 31'l!t!Jn{t8-?- 6!;!,o!lioJl';v e 0H/1lli*l&(l2 *l 

n : £fi~>.f.JV }-0:>~@.:(48 *) 
Ab : ~mff:·1v t-o>iruJM-rnit~ 

CH ; JJ<.:>:¥-hfbj~~j-_~& 

tit~R 7 7 7~fEI~ : (L :;n 

lifti/< S iJ 7 A fll "j I 0. 80 

Cv : i'ti~ifjq)~~tJRtlt 

Wt~D-7 7 .A:f!i~ : O 

iUJ~s :7 7 ;zffi:=J : o 

CH= 0.36 OJtl}i} Fb= -·13592 N 

CH= 0.80 (/)j£'i5' FL= 278058 N 

F, 

n1 x A,, 

CH=0.360)1,S{t (Jb - -18.1 \!Pa.< 0 J:.-:>--C, 81~Jtf;f-J.¥.: 1f:'.__,,/J:t--'., 

CH= 0.80 t!Jt@ii" Cf~ = ll6-'!f'a 

ell~ o.36 OJ:iM-'!i- '[ b = 

r L = 
nxAb 

23.\!Pa 

" 



:ti.:., ti=f¥ftJ111, £J.. rvv::---r::ii~JE L-t.:.G 

J,t;iim*'1t-· 1'- OY~#i:H~lt:1J f = min (f1,,, f,~) 

::_ ::__ -0", F /:t 13 .4-f~ti!<:f:S2 ?&~!- · Ulc-~J;l,l,tfr ]S:.t.E S l\Cl-2005 {,f ~@;& Part 51<: 8 

&L'ffe. 9 .-t VJ , ~~~l·?tl.~ 50"Ch: ts ii :fS Sy tit, Su IM~i1'Jf!}fj"fljini~ L. t.:. iii~ Jfl 1' \, Ti?Gi-\. 

/,:--C~ff Lt:.~ 

_ - m1n (S~'. 0. 7Su) 

Sy: -;_.;-_ 8 J: ') '10't : 245~Jf'a, 75'""'C: 2'.!l MPa 

Sy = 231 + (245 - 23£) x (75-SO/ / (7fi-40) --' 241 ~.IP!:! 

St:: :;fl:_ 9 J: ~ 40"C : .tOO~Pa, 75"C: 381MP.a 

Su - ::IBI t (4C-O - 38I} X (?5-50//(75-40) = 394 MPa 

Vt;0-c, F' - rr.in (Sy, 0. ?Su) = :nin (241, 0. 7X304) - 241 :JPa 

11;1J!;f.1V f-.ifY~f1¥51~ft)J: 

f = min(f1,,, fi.} - (180, 216) = 180 M!'a (C11::o0. 36 O)~J;.g-J 

f - :nin(fL,, f,,) = (180, 171) = 1'/1 ~!Pa (C«=O. 80 v>m..g.J 

f", = F/2*1 . .5 = 180 

f" = l.4Xfto-LGX -rt> 

= 216 (C11--'0. 36 O)~k) 

- 17! (Cir-0. 80 tJ)"!!;;--) 

i.39 ~Pa 

1J 



b. ""ll'Jii'I' (dli 

t@f&:l:: J:: 6~-'i!J-T ~-7 /I· i:'. 5-mi.:l. .Q:i;;:~.:r-~ 7 /}-~~!:BL, ~i;,f)kJ:tf,:-~- ~.:. 

.!:: j,: J:: i) ifi{f-lj;'iif{ffi:fi:'.):;Mz Lt::.,, ~4'{iiO){f.5*, .tf!l.f},f}:"' J:. 6:l!Aifll.:C·- /·/}ti El ;¥:{.::J:. !i't:J:E: 
t- ;l :./ f- J:: VJ!~'~ < , i1ffi~j L.f.tl1' .:_ ~ .:a:_.. pt~{!.;_. f;:n ~ f;:, ffu~::_ J:: {:. ~~J"F- - ;) Y \. > 
§ m:i.: .t.?:: K:<r .:c - ;-: / ~ l'. t.;:: 0 ti OJt.:. "J\. • -c tt, a. -c-o:i~t-~t.:: J: l'.:l ~~*' 11.- h. !'.7J~'.ii3E:!.i' 

tj[f:¥: 2: tt 0 .:_ t:: n·t:.~M L.~tJ 1 :__ t: kfitt~~~ Li:. (£Z 4)., 

L 
+----=--> 

..-.~kKJ 

' r 

H 

Ca : *¥):irtJ~~t~Br 

ltlt~B 'l' 7 7~13~ : 0. 36 

ti'ff&S '.7 7 7tEJ~ : 0. 80 

rn o W.1!i>'ll:ilo ••ll 
g : ffih/.ITTiiliJ!r (9. 8'.JGG5m/ s 2l 

H : Wl--f·Jifil;?>So>_ill:.t.,;r-c-o)w~••I 

L : ~~f~JJz,~:l.PC~fm~ID>L•£"C'OJjg~l!'··· 

l!l!~l.:.J:: -Q~fil]-"E- ;I:..-- ~ : A1
1 

= mx g x (.'H x H 

CH=0.36i.7)~-8- 1'f1 = 9.27Xl08N•m_ll 

Ctt~ O.&O O).f$'fi- M1 = 2. OGX IOgN·mm 

§ If]J.:: J:. ?'J :k'.it.::c-- ;J. ~/ 1· : ]\,f 1 = 111 x g x L "°I. OB X l09 N·11Un 

0.35 LORX109 X·mrn 

0.36 MP a 

/{ "Y 'f-filI!f! ?I/ .y 
:::z~vt;· 

ii·A__,~f 0. 36 23 139 \Wa 

~~ 0. BG 2. OGX :_os I. 08X 10') X·mn 

51,:Jl 0. SC 116 171 MP a 

-tt ),_,.~f 0. 80 5l 139 MP a 



1.2.4 1:;;'f~~$W.t 

( I ) Ill iJ:i 5'\i !l!' il'/' @Ii 

frli11:~i2¥f~~ff.'.jj:, ~ ~ -=r..'J-VY!MO)$J'6'"Cb; VJ ~~tf" · J£1\9::t!l~0~;R{:_iJiiii"'-t°'.6 ~}0) 

-i:-t:tt.c \. \, L 7'.n L i.l: f.i\ t:;, iWi·f1:im;€t:~l"i. -*:!IJ{;:_.}:;i, '-C ~ V--<.1V1.i!>l!f·t1'~~Jffi3K4'P.IO>ht~9ll:B'­

t;o-_{~ffl .5t1--C1, •. Q~~\..~&0t), *ffil NP.C (Nuc,l~ar N.eg;;latory Cammission, }Jf:-=f-)1;ijlfulJ~ 

~~) i1~ Gfffi'.i~~~~~~t'uf....:_ -1}- t/ A )J n 71' -J-;+!flt,1tW:!Jt/8 (S. C. Depar:ment uf Heal th 

and En\' i ronmEn lf'. l Con l ro l) 0)~, l=iT ~ ~ ·( :f2 '.'.I , f.ii J... 'fi3ffif1: 1i:' ~ L --c V) ?.J ~ 

a. :!£'.R'.4-'kllli:fil',::}:-:j"i-Qtl'ift 

~l't~~~.fv>1R!@'.¥;;m:-s:1:t:E:fft;i), b #!:it L --c Jo VJ • 3~a~:Lt0Jil'!if§:1Jt~:v:*o)J&~~ru~tr 

*-1 4. i:i';: '-z' Ji>Oo #~'iiffil!*~~«fi-Z:{~J:fi -5 6 f"\if4.flt'.-&:\¥.t,.,~~J[£.$4?J(!)filiifJ:i&::k\..' 3. S-:-. t 

-t 6 =. l'.- 7J' I:;, 1!x~&:#JJfl::fill:-- :!::-t G --C +5Jf~~Q8[ z.;~f L. "l ;, '0~ 

b. ,IJ:fl.::~-tT Q ~-ff;!li 

¥:Jjtj(~;t:t:o)~f±illi~~<TlY~fE:;:_flTOAAttfEJ:i!'i, 25 kPa -c>;bQ., $f~f!f;!W£~1rill-Z:ffl 

1r, ~ Jeitt'flli~W.¥rr>'i~ff tt~:J-:..&\J:~(J) t- (!) *~J±l1£fl ·r: i9J 0 -::. r tr· b, izt~f·J±JJ ~W!Jf: L --C 

-h-. VtFE!=:ML~·c1:t, --lj-rj.A.7;07-fT-H1f}!Efl~JW:jtjO)~f,nJ::.~t.:.tJ, 50 kPa -C~~ 

~111,. \ :if~1.::'ffi.H-.ti'1oti \.:. c ~li{g-;£ L -cv ,_ o,, f§ittrt:z~~·J:, --< / r- r~~2;-~17 -r i.- '-!i 

:. /'. h> G , il'!J<ll''"''Ei!!til' c>tl!:lll ·t- 0 '?Ml ?i:_uJ:, t:%JElllil!' /'. '-' ~ , ii't!j;J+ 1J ici>!iJE L 

--Ct-•6~ 

15 



(2)lli~ts:i#fill! 

a. ~&Jfif(jffi 

tt'.!~l:. J: C 4'idf1J1:"~ J :--- J-- ~ Fl Ji:l-: J:: Q ;t;:~.::c-- _). :--- t- t'.5f tf1 L, -tt0 0 tr' ttfJ'.:T 0 .:= 

~1=~~~MITfi~ff0~a~~~~*• ~-:~k~~M~-~/~1~gal~k~~~~ 

- / 0' 'Jc ~ + 2' < , j\CfllJ LJl <'CC ~ ii:li<oB LJ~ (cA s). 

l -
m[kg] 

~ 

cH: 7k'f-:t"rn1iiQ'~l·~.tt 

EfiJ'ffeB ~ 7 A:::fll'tS : 0. 36 

i!Jl~: S 7 7 A;j11 :i.J : 0. 80 

1n : tkf.S illfil .••• 

g' J!1}J!J1Jifilil!:(9.80665m1'') 

H 
H : Wi-.Jffii/.P G &') .Jl!>L' ~ -c-Q)ffi~it : 
L : i&ifiiJX.~,ti~ G m:~Jh:,),- ;t: -~o)~!-1j : 

ffi:!gl-::. J: {,if~frrj-'E- ,,,e: ./ t· ; }111 = 111 x g x Cli x II 

CH= 0.36 (l)#!f'.j- il; = 2. 04 x 107:-./-:r.m 

CH= 0.80 O)!.,g.ff ~! 1 == 4.. 52X to'~·nun 

l3:fili.=_J::..Q*;t--:c--,,---.1: / f-.: ,\12 =1nxgxL 

,\,/2 =4. !'i6X !O'\'·mm 

··.·"1'tlli .. A<'f 
. .·· . _: .. :_-.. 

, .Ij'ff!, .•. ·.• l!lllt .· 

"'ttiillZ1* • C.35 
I 

i 
*ft>: fi<lllJ 

(fllf1!hfi,~f<f"2:) 0.80 

2.04Xl07 

1.s2x10·, 

4. 56 x ic·r N·mrn 



I. 2. 5 ,'7 V- /~ 

(l)Xl:!~·~TI;;::!iffi (f-\;J,:~)lWf: P.!1Jfil:;-'J5·A~tffe.:fli'l' ;..--:---; 

a. ~/i~;j;.JV [.. ~}1/)j~,~iif~lli 

FlJl~1Jt~f-:J:{'.tf:J;!Mf7:'J'.;_t_i<!= ~-/ V-:..-r{1\.'iJ£1~!.flJ ('jC:p)i_ 7-f'ij{~~,(;'';'._;;;~ffi 1:14 l})OJ52i~itf'-+ 

fiffi Ji'f1; ;.::. 4'foJ!:'l L, --C ii l' fJh k_-*f,t;;_ L- t· . ., ilif~ (Jii 17> ft.~. N;M~ ,r- JI.-- !, · i!i:ifi~:~:J ll:_-*° ~ • +T.fi1Jg)j 11--_ if-' 

0)5~l)_:~)j>ft fl~ 25 ~'10 :_ ~ {2 ~·(,: ~::'.- L ]:::_ (-1( G ) ~ 

~ , , 
I 
I 

\ 

'7 



firo!M!.I.t.~* 

~~ftQl.t~ 
-.,._i 

L ' "'fj)J,}jJt~J1o>cp,t'il!i I: "'fl?Wh1t%. 

f.-&1M!li;;:: --C0ffi~lt(140mm} 

g : fil)Jfl!li£~(9.80665rnh?) 

Z, ' .,dfcJ'1;1t *'JloO) ;1Jii'.il\'il<(7,90 X !O'mm') 

Z 2 : '1l?.~HWll:::h."'%0J;'fta-iKW.~X {S.60 x 105rnm3
) 

d : :·.G1v f. O)!!fr1'ij,f1{(149.50mnl.2) 

: i!li.:l!iJ!$1t~O) 7 ./iJ~FoJJE J::' 7 ?- (2000mm) 

CH : J}.;:'f}1'r;'>Jfi.\i:Gl·Ei.lt 

;:t:-ti\i:B'l77,fB3: 0-.3G 

!ft~ s .;: 7 ?..ttl ~ ; 0. 80 

i;'iil~B-7 7 A:tfl:!i : O 

i'ift1\t S ~ 'i Aftl~ : 0 

f.5fflJJY} II-.:;EJ!,i.:: f'f ftl-j ~ i~~ _!-_;&> i:J ~lit~ F C l- -C ~ 

F = (~h.Eil.: J: {if~~j-'C-;) /' f. ~fl .Uf :.:: J:: 9*/t-'E- ;:< ~,,- !-- ) / ( 'l v~ YiW;*lJO)gfij;~) 

(22400-22500)/4.9 - -20 kg (B:'l7.7.~'ffif!i0:tfi-{t-) <-----~:f.~l:.J}>ijfitf!iJ:t§f;tt:Lfst..~ 

::o (19600-22500)/4.9 ,-- 5600 kg (S'l7A!-f{;lli{f)$-f}) 

l!Ci!lll\IJJt f\:Jlcl;ilt J~JIC 4 "'1:1!til'1 L- -C' , 0 ,;<, '> Jc, J ~t<+.d!lJ>'i le 1r'l!Jfc ftl!l -j 0 j, o) I: -t 
6,, ;Kf;::_, ~~Jll}jll::Y?iO>J!/it,'i;f-.1V f-,tJ: 1 ~5Tj;=,t;: l) 4*-c"~Ji::~J.1..-Clt';;,~ 

J·<xgx!J 
~tf•JlltJl~-~!:=_tJ>;~>Qft)J : (J ! = 

3x zl 
CH 00 {1_36 O)i-~15' 0}JiJ~ ~~ L-f,t), "\ 

CH= 0.80 O)~{i- a: = 32. 5 :V/mm2 

F 
J.Ht'1'1c H~ltffl-J-001~JUJ, r,-

3x4 

C=t= 0.36 0)-:tt;--g- ij I ~N /J :t>-§§4' 'vf.t: 1, \ 

CHcc 0.80 C)~S' Fb-= 467 kg 

Fxg_x/ 
a 2 = 

3x4;,: Z2 

CtF 0.36 0)~,gif ftf;iJCj~~ L,;:i:t. \ 



IO. 7 N/nm2 

·;t t::.., ~'.£"..fttH::l:'.'.7 V-YUi~f!lt&l::~.-5'2:" £.Cf'·O)~-e~ff: Li:::~ 

~~~:'*i:t1J: a,~= min { !i.$/:R:.#,rt.:lJ/1.5. iJ!'lN~ffi~/1.s 

=~in ~400/l.5, 4100/J.8) 

= Min 1600 , 2278 } = 1600 kg/rn;i 

ifMtl1J'.1L-}-O)Wf$f:.515#:}J: F&, =at~ X d X 0.6 

=1435 kg 

"ll""F:it:.E~i§J.?,~)J : u c.,-,s "/l. 15-1391 Kg/cm'' 

fil'fiJ3):ll:'.il!:,!=t, ofi~fj'i;(~ll::~0~'f~i:!ttfJ:tfJ : u- t>."=1. 30 X er"'= 1800 kg/cm~= 175 N/r.llll2 

" 



b. ~~~f-f:ffi 

ll!i:~i.:: k {)iji~fi(~- ;i / f-.. C ~ill!.:: l: 0 ~}E-F-7 :....- }. k~i:rl ;_,, .:t:-.h G-t-U::~-9 ~ :­

t ~.:: J:: fJ ~iitj1'¥1iff ~ ~M!i Lt:_,, !lffil!e)tfi*· .±i!.~J..: .t .o~f:BJ.:;;:-- _;. :..r r n; Fl ~c:: J:: 0 *~ 

't-- ;< :../ 1- J:: IJ iJ ,,?;: < 1\: Q b 0) t..: --;It •-c l::t, il'Afi?~ l-7'.i: 1,'..:. 2 ki'1fn.f', Lt.:.., "£ !::..., ttl!J&!.:: J; 

Q~i;'ft1.:r. - _-;. '/ }-;6\ 0 -ut!.:: .J:: ~:t:II::c:r.-- -;J ~- J.. ct i'.J j:;:-~ < 7,; g ~) 0-) f,~_ -----)1.r ,-{" i:i, a. --.;uJ:;l 

11:1c J: 'J l!~i:J".k c · 02'il'll!JJ1tli'l!'t • IEfl'JP}jlt~O)O~llllJ'~&l'ic'°l1.6 :C !: i\>G<l\iifiJJ l,i~p 

= J::: ~~~ L.t.= (£.{ 6 )., 

. :- -

Lv.L~ 

"' hm 

CH : Jl<. 'f-JJfi'iJIDi:tt~lft 

j![J~IJ -7 7 -~f1ol::'.l : 0. 36 

iffij;~~ 7 7Atft~: 0.8iJ 

'11 : t~~fil~ 

Illy : .Jiil:H!!li!:fil:••t 
m, : -7 VA-ll!Jil:-­

g : 1!11JJJ11;;J;lll'.(9.80665mls'J 

II : t\!11'.lilllh•l'.:.."O)ffi,[.,'J:_""(',-;;):i'§/ijjt 

H": -JJ-71 fil.f,;!f.2{•••t 
Hk: ij.!:1Ji1!•:.'1g,2:··· 
Hm: 0 J-.~m;,r,,Mj ~ 

L : if~ffiJX:~?J~G~U;4*:W:,L_,;t: ~g)gf/il!t 

Ls.: ;if-7 ll!·L·~Mt 

Ly : t.ll.fl!ll\,L·lfi~~--1> 
L, : -1f ;.:-;v--i¥>L,:f§fil!f 

tl!1,~t.::.t~>1f1;:_-:;jflj.:c--;1.::_, l·: }1,,fi =ff1xCli xH 

I\1 1;: -m11 XH8 XC~~ 

I\iI1t =111\.;_XII;.XC-;:: 

IV1 1,,=-m,,.XHmXCH 

,Vt =M:0+~vl 1 k+r..1 1 " 

Ctt= 0.36 (l)f!{;- 11: =2. 24X l04kg·m 

CH= 0.8-0 OJff!-fj ~i: -4, 96X l04kg·m 



tl!lt(::J.:O't:!E"E--7/f..: M 2 =111xL 

lV[2~=1n_gX Lg 

1v12 ~ =my X Ly 

r.-12,.=m,X L~ 

M 1 = -~vI2~+M2~ +'.vI0s-=2. 25 X l04kg·m 

~~fF 
·- ' ' 

~~}J =.; .b. 

:<'1*1117 v- / 

1.2.6 ~JIT 

(I) ~*5'lHitilif{dli 

a. i12it (~'tf) 

if!il~;;t',1v f.. 

!fii;iJ"Jll/Jlt ~Jt. 

""'lllJ'}j JJc~; 
4:·'.+: 

i!/ii!~~.JV f--

tk;l}Jiif.ill:{t?.!l 

edl'J !Vitt \j; 

0. 3G 2. 24 X IO~ 2. 25 x let 

;;;r;m 0. 36 11.:)5 

j2J1a 0. 36 175 

m-:m 0.36 175 

"'"il'I 0.80 4.9fiXIO' 2.25XJ:}J 

5!~ 0. 80 ,157 113-5 

~Jf~ 0. 80 32. 5 175 

~;f; 0.80 10.7 175 

kg·m 

kg 

.N/l!Hl? 

N/rrun2 

kg·rn 

kg 

~/mm.2 

N/mrn1 

~~~ (;m1() ::tAT/VA'i,f,:_fj:fR*W;O) ·iili:ff~a~-rct.:.d;, ri:.rit. ~f,§:'jjt;ft(!)W 
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4. 6 25~11JJLA )j*a.Lt7J<STEP I <)t*ai.@J.i) )Jit~ . )Jit~)J!~AE'.*a~ 

... 

~ K3JLl:iJSv \-C, JJit[Cj) · JJitill.\())JJl~AEfr~liffi u, OP+0.9m())r'§ll cl: 
iJSli \-C, ~7\JJitliB0.27 cm/ B ailliJl~o 

~ Chld:, xnffi:I~l.i!!ffiu())7 /2/:il!JJl~ v/ci~ (~7\0.08cm/B) C::: 
t~*.li v -C3.41§())1~o crtld:, xilffi:I())~lilSl:J:. ro;J*a1J~li!I v 
J,ii!i7_ki!ljfi'jj]j1.)t1j \ c < 7d: :i -Cli \ Q c C:::1J' 6, jJit)f 1.)t_t.¥f. v -Ct,\ QC::: 
!5;?t6t1.Qo 
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/:JJitt1.Qld:9"C'Ct5.Q1J\ 8/ 13())L~~'.IE*a~C'ld:i¥i~C:::ld: :i -Ct, \lio 
Chld:, 1J >< ::J!m)J'!~C'lit8~ vlccl: 51:, K 1/I::;1J-(:T1 5;J*a 
-~~8v/cEWCJ:..Qts())C:::~~6hlio 

(K3fLO)~f;,~~*6~ (8/13) ) 

'i~!E'Ji'i[" In I ~ ~7\Jm~ )JIQJ 
COP) (cm/J:J) 

+2.4m 0.03 ~~* 
+0.9rn 0.27 i¥i~ 

-0.1 rn 0.02 ~r,ll!_ 

•• • 7/2 8tru'l'1~111i cit'3!7.l<lu ~c11s¥1> 
'----" • 8/13 &tm~'l'r31i!i C~l'i!1J<l(I H118'1J) 
------------------------------------------------------------

/', u !ll:.itilU :;p: (cm/~ I 
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