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4.1.3 Jjt~~{lji.fl.i±-fl 'f~#-.tft.J;ft~;fi '*#fti 1¥} 

-f.J'* 
xu-ItM*I'flkillfi•~fntt:t~ tft a9 tftflk~rnm 

~~~~~~"ilJ~~m=~~~~-~m~~~ 

~~~g&~Zfi~~~:ka9M·-~~--a 
;fflfJ lliJ ~1.fiH.,7ilf.fF Jlff , jllfj ftix-t ~fll~ fl9~~ 
-:k~~-o mfi~iH,,;(iif.~JI~il:k. Witt~ 

fl9~~m:k.~~m:kfi9~*Itm~~~~~~ 

m.~noo 12Flf7Fo 
0.45 

0.27 

! 1 -- 10mitl~1il I 

io.1e 
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fill • ~-tf<JmfM'IiWft~ ll1li j$t, lii?&Jt)Jc 3jl-&JJ 
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1:.tt<J•tttt<Jtttms~~*'J'~-*Ftt<J, m~~~w 
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'lift~o 

4.2 ~ Jik3t~'Ai& 'L' ti<J~ Pli!J 

I~~ ~a tft utJr at~ ~!rkttl$t:m=~iittat, 1f 
Bt<ft*m~tft~~g,~-m-~He•. Lt(Jit*JI1m 
•~ fl9tJt rtu ~~·!i o mu?ttJT ~ iiff!rkttlttftirn 
~•ii-r.,~Nftl6mfl9ii·r.'*?tf1TJtX>tm~• ra1 
~~~~ag~nrt!Jo ?tJtlX>flt7~~-~;ff~!mf19ffl 

~»o~f'Fmr *~~-~ta1&JJ v.,(lit!rkttltt•m 
~~~~ a9~~'lfi£.o 
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ii:Rx& «a ,r,, lfi • -*-t-•% x&~ IPJ &JJ P-J 

JJ lalt«<?tBG~*~~~1f, -&~~ Y U!fl~ ;~ 
mux&I¥.J&JJ:frlft!. ii:Rx&«e·r.'t~~ft:Ulii:P-1 
mu ::tJ~u··: ~l!::kl¥.1 ~ rPJ 'k.tJ , ~~Bint:JJn-1'-~ 
tflJJJ. ft~f9J:Jt::k«!::t~&~l¥1«e·G'f'Fmm~ .:11m 
mfA~J.Eflo 

4.2.2 ii.I 1Ji ~ ·~ ~ ..P * * 1Ji fi tl # hi i:1-t ¥1 
JJ~ 

M#tm!!ftiB ¥ttiiil*~x~Jm~at~ft:bn 
·l:tco m ~-RI::t~-tlii·L'ft~~ttfl:f$1]]{-~tz:~ 
tJ~&rPJ~iB .:tE~IP.I~ftit~·nrl5lr~~*~ 
1!::ki¥.J~·L' J&:2:7ilf~ , ji:ii?ttri!'k.$!, :fE::t~IDi 
~zJfri¥.J~iB~ft~$*~~~~1¥.J.ffi~~M 
I¥.JOtil!ll7ilf~M~¥1J~i~ilfir'1 
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11115 Iili-fi•(.'Mff~~ffJia~ (radlkN) 
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llli!f~i*j' ~at B.i!f~r*ittilit~-~~ft~*~ 

I¥.J®fllffl~ c JJ:t~ ~ if1l IRJ I¥.J t&~atJJtiJ lltfrM -t-• 
m!tf-Jt:, ~ ttJt::Jf'l&~S>tic::h~tff¥1JJ;5fiJUI*• 
ti~it~)o 

5 tal! 
~ttfl-~®fli±~SffiM-1'-~~.-1'-~ 

aAtFt1B®x~&JJ~•••I¥.1m~~~l¥1m 

*; m.= -t-~ amu•oo~••I¥.Jl£-~:Jt:bn£~ 
~~1¥.J:It::ko~-t-~•1¥.J?t~~~-~x&-U1 

1&:2: o ~~tE*3f:5~~nt:bn I¥.J~$7ilf~a>t. ~7ilf 
tttJt:bnf.ftR*HM!$JCzi¥.Jtff~ x&~JJ~$T~~ ~ 

~J&~.~J;5~•::t•~~o:fEJ&:2:at~~x~ 

&JJ 'k.~ Tlt:fr:tli, IP.Iatlll•m~:J£-~!ft:bn.
~ I¥.J!ft 1ft :1f 1Ift ~MIJ itt :bn , ~1'-::t~ I¥.J &tJ 'fl.~ Y 
~MI¥.J~ft, JtJtAJJc .lJl-&JJ 'k.~~~tlf£1¥.J~,M!J 
!ff:bn 'n~~'k.~fUo 

~ tt:lftf!f~ I¥.Jtfffik~tl tr v.,( 1k IUJ ~~ttfft I¥.J Elf 
~~~~-::h~BI¥.J~r*i~~I¥.Ja!PJmMWfl 

tt~ D ~~1rA:t~Sft~~mf.:i-~x~&~•I¥.Jfilflt 
til!ll«<.#~fffx~Jm5!ZElf9~ftit$,JAmHI 

iili!titttU~I¥.JtlrDJii~tt o 

•~xtt 
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_jl 

lt!Jlt~'L'il'll~~Jlt~'L'tli£!jfl~tiiXJtl*~ 
3:JIJJ~~a9tt~~JF~ 

:ktJ n)l ~ 
(i*~~ii~Jiii-t1Vf~~JN:f?t:fl~iHiJ .!fH 510640) 

• ~, ~~~12:1q 55+ 100+ 100+55 m l'lS JlJ l20i~Ji§UfiiJ ag .±~Jl!Hiif~J:\:lll:tr1r~ ltnli~, ~ti&I ff~Jii:1qlftr 
~, nlilllt~ttm1Jiat:2:.t'**'~•m~nt~·t'* 2 #1r~. ».am~tl.lt ,~~11 ,~#f·ii~:nm-tPT ltnli1VfJt: o 
!a*~tm:fE711i*€1i'iJ~Ifilitag•lf?JLr ,iJiHt~·t':fti:ag-~Ji§tl.lt*'~~'YHHJt-TXllHt~·t'lfto 

~-~: jllljfll; it~~UfiiJ; iJiHt~·t'fll; XllHt~·t'fll 

1 51~ 

~~~~~~.wg~$0~~~~0~~ 

~11Hk.~illJ!J:tm~~~~ IW w g, ~~ *Yf JJt fl9tff 
•*Yf~•~o••~•~~~woc*~mr 
iZ, m1B1:JJ -%111!., ~V'f -Jt~I 1£*'J --~%\'.IW ±•~ 
J:\~Ji~IW~SC 

a:~~:~gliCJU~±:tl:iG001-mt:fl1fJ.Jlt~,r_,:t~:, 

1ftJJt:5! ,r_,t~ ,)l)(_tt~,r_,•. )I)(Jlt:5! ,r_,t~4 ~. m•• 
:IJ JflJ x?t~ ~-001 ~ ~-001 o 1ftJJt~ ,r_, Itt lf!.W3 m 
~~~$. &~~:tut~. ~f~iHIE~JJ~~a9rum-r 
:&:m! l:fHI!~ V'f IW :5! ,r_,. o )I)(Jlt.ltl(J.Jltfi:IW iit~ 
z6lt~rJtftwttffrflJmttliCJtltt~'J'. PinfiJE~1tiffii 

!Jt~~~.@~··~·fl9tff·L~1ft}]t.~lt 

{jt~*~*o··~#-~~~~~~~.fl~ 
~JJ ttllJJt*,L~r~a91tiGOO·:fr~it L£ 
:h-%111!., !I.£~V'f, @M[If£*'1'11: lt~l&001tff 
Uo 

*~~M[I1£~~ru•.~m~1tiG001tffil 

f'FJ.JZ'm . lliJ a-t~it~ mit 001 liCJtltt, ~)E·fi, g~V'ftE 
~!§lt .~~jjlfH~~ 55+100+100+55 mfl9~gliCJtl 
~ ±il~:a: *mliR1ftJlt:5! ,r_,•~)I)(Jlt~,r_,•M~ 
f&ffi:il!:fi rt~o 

2 I~~!i 

~m~••0•L-~-~~1Yfa~~+ 
100+ 100+55 m.Jf~ilitGo *IHtil:ltJTW*ffl1t1~1ft 
~1rJJi~WT 00, TYtfli~!Jt~ 12.5 m, ~-ffHm•a 
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5.8 m,Yf*~2.8 m,~~6.5 m,±f:lfl~?tJJU~ 
56,84,67.6 mo 

3 ltiti%1'!~~~ 

±ilJ®itfflflJR "t-!Ji~-~lliJJt, liP 6.5 m, 
jgjj{£ tt~' ~~~~ '~1(J.Jlt:5! ,r_,ftt(l9~;fttff JflJ 
MJ!J~IliJ, ~jg t,ftW!tfflflJ~Ji:jg b; )I)(Jlt~~t:.,.M 
J!J jg a, )I)(JltraJRE~ r, !I.m~liCJtlli:~ it l(J.Jltftt~J:M 
~IIJirl ,@OO~~,LttfjJfB ·*~ §~l(J.JltflfjJffJR"t 
~jg 50 em X50 cmo 

r--' t r 
,r 

I. 
r 

I 
I -I 

! 
1-

~ b 

1111 1JiHtil;fi!XllHtt¥i~ liiflRlt 00 ( lJi{ft: em) 

2.1 15.J~Itiii~.R"'F.iaJIXJIJJl tt*!t 
ittt~IW~-~~-tffrflJmK~~~~~ 

lfi ,tff~tM~:fl" JE~(I9~JflJIXJtl!Jt*fJf;~~~~o 
~-lliJ~iGoo~~•a9~Jfllm~~~PI~1r•?t 

~ilim~~~-~lliJa-t~$£~a9aOOoffir)IJ( 

Jlt~fiijJEE r ~Jtf&lif~·Jfll IXJU!Jtx*, *?X.?t~a9 
1t{t~~~t,b.,ao ~t?tJJU~0.6,0.8, 1mHt .~ 
#flliJiG001~r .~~a,b a91t1txt1fJ.Jltfl~)I)(Jlt~ 

f*Jfllm~'t»t·!im~W~nfiil~n~ 1 JWJR: 

IL 



;&1 ~I!:~~R"1 .~JJX:t~Hil51R!t$(1(JtlicJt1i:~1~N1~ 

tim b/m aim 
:fit rtlm~'t8!·~9W (kN*m) 

OOWJm' ili!tJiX ~!tJiX 
3 0.80 10.5 46.3 36.8 

4 0.90 11.7 56.8 41.1 
0.6 

5 0.99 12.9 67.3 45.3 

6 1.08 14.1 77.8 49.5 

3 1.01 13.1 54.9 46.3 

4 1.13 14.7 68.0 51.9 
0.8 

5 1.26 16.3 81.1 57.5 

6 1.38 17.9 94.2 63.2 

3 1.19 15.5 61.1 54.6 

4 1.35 17.5 76.4 61.6 

5 1.50 19.5 91.6 68.7 

6 1.65 21.5 106.9 75.7 

E1=J 7/R 1 PI_@., 1± t=0.6-1 m m; Ill P-1 , ;ffi fitJTiiffJrf 
• .1Jt:£,t:.,!$11i9tlfillm~'tBH1:~r~~Jlt~~t:.'!$1*, 

rm liJtiS1lW~1Nt li9 Jt~ -t12 t~m 1!r·l1c o iJt ~ :tEtt 
fillm~:1fm•.~Jt:£,t:.,!$1t~~Jlt~~t:.,J$1£;ff~$o 

2.2 15J~Ifiii~.Rl'm.iclliiliJJl tt~ 

:li~~tlfiJM[I!m-~~*~•--r ±!$11i9W-fill ~ 
jJ-tf2~{1[1~:*iJ:Ii9fiiJ~o ~flfill~tl~~fitj ,~}Jt 

!$lli9W.fill ~tl13l~fSJRE:r ag~n[ii}~*' rm r~Tiif~x 
:X:o t§llt::zJs:-=Fiti~{E;ffifitJTiif~r, ~~Jlt~'L'!$lli9 

W.fill ~tl13l~ .}Jt:£ 'L'!$lli9;ffi ~B;f, r li9*Jj\_@.7/R 2o 

;&2 ~I(~~R"1 .~JJX$,1l)IRJ}t$(1(JW,jc]t1i:~ffl·li~ 

OOfW W>l<iJm~·tllH1:@ 
(r+a) 

tim b/m aim (kN*m) r/m 
m' .!)iJit~ Xlt!It~ /b 

3 0.8 10.5 12.0 12.0 2.2 1.0 

0.6 4 0.9 11.7 25.0 25.3 4.2 1.3 
5 1.0 12.9 43.5 43.5 6.6 1.5 
6 1.1 14.1 68.2 68.2 9.5 1.8 
3 1.0 13.1 13.5 13.6 1.9 1.0 

0.8 4 1.1 14.7 29.0 29.6 3.8 1.2 
5 1.3 16.3 51.7 51.2 6.0 1.5 
6 1.4 17.9 82.2 82.7 8.9 1.7 
3 1.2 15.5 14.3 14.2 1.6 0.9 
4 1.3 17.5 31.7 31.5 3.3 1.2 
5 1.5 19.5 57.6 57.3 5.5 1.4 
6 1.7 21.5 93.0 93.1 8.2 1.6 

EI=J 7/R 2 PI_@., IS1l~ h {l[ag:ft*, ~.llt~~t:.,!$1~ 
1± ~ Tiif ~ ~ W. fill m ~ 'tBH1:~_t ~. Jlt:£ 'L' !$1;ffi 
~, JtW.;f;f fill R -f ~ JEf1!rli9 r~{i[ OW (r+a)lh)~:ft 
*o~~~~fitJ~~m~fitJ~ag~jJ~-.~Jlt 

~~t:.,!$11i9 O#:!;fc~~~~ t~-}Jt:£ 'L' li9~1~]! *o 
jj 7r, EI=J -T ~Jlt~~t:.,J$1JJ!m~'I:9H1:9€ltM!i t~ 

•.~Jt:£,t:.,!$1~,J\, t~:mt~ mJtW-filltn:ffE~tl13l£,J\, 

~&rm~Jtt£~~~~~~13l~m~~%Irer 

~1~~~;ffftl [ 1 J 0 ~~ '~l'ftfjt~i:f2~f$1(1lfj;ff 

:X:,;f;f!$1~1Wi .~l'ftfit~~~~~ .::zJs:xfU~xt;tt 

JI:Jfi-Jlto 
2.3 15J~IHm~MJf~~JXI.far$X~j&tt~ 

-T~J$1g~agtJt~~13l~*'Jt~JJM~ 

m~7rif!H'ilft&li9~nfii1, fitJ~Ii9JXl~~il!!%r .~fitJ 

~m~~li9JXtmt&~fitJo~m<0~m~m:m~ 

it~J.m:>[2Jtt;M:, f'F mt~:m:!$1_t!i9 mmt&~ = 

1 2 
FH = lpVgCHAn (1) 

Vg = GvVz (2) 

Vz = KI ~O (3) 

:r\9=', Vz~IWiJ3tZ5£t~if£ft)Xl~, v;o~~:IJl: 
5£tif!! Tiif ~ _t 10 m 5ttilitit JXl~ , Kl ~ JXl~ IWi J3t5t 1t 
f~iE*~, Vg~fti!$)Xl~, Gv ~fti!$)Xl*~, P ~:£ 
~w J3tJOC 1.25 kg/m3

, Cn~~~*fiJf_tj:lill.jJ *~, A. 

~m~*fiJ#•mfill~~m~.~-r•&*J3t_t 
a9mt&, A, ~P ~:ifl!m mm!$lli9~~ o ;fim:rt (1)

(3),;ff 

1 2 2 2 
FH = - pGVKI ~OCH An 

2 (4) 

Xif-=f~fitjf$1~,_t]£0:r\li9&JJtl{E-=fCn~A..o 

~ t=0.8 m,l$1~~ 84 m~f!tl ,;ffifit]Tiif~r2l'ft 

~!$11i9tlfill~~*~~~~~ag~A,~7/R3~ 

JR ,;lt9=' • .1Jt:£,L'!$lli9 A.~b, ~Jlt~'L'J$11i9A.~ 

;&3 #f$tl icl-f*~~l£3£-f.t~ tt;& 

OOWJm' 
lji)}tlj: ~)}tlj: 

b/m aim 
CH CH*An CH CH*An 

3 1.01 13.1 1.3 3.9 1.1 2.2 

4 1.13 14.7 1.5 5.8 1.1 2.5 

5 1.26 16.3 1.6 7.9 1.1 2.8 

6 1.38 17.9 1.6 9.8 1.1 3.0 

EI=J7/R 3 PI_@., fitJ~Tiif~r, ~Jlt~~t:.'!$1~~1i9 
m fill mmt&tt:ii ~•.~Jt:£ 'L'J$1'J\, •.llt!$lli9tl fill 
~~~*· M1!r&RE~*o 

~ t=0.8 m,l$1~~ 84 m~ffftj,;ffifitJTiif~r2 

#fJff£tli9W.rtJ-f*ru!*~CnJk:&~li9CnA.:fWr7/R, 

W31'ra9A.~~6.5 mo jj7r,::zJs:)CfD~~JJt~~t:.'!$1 
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1¥J#A rtJ JXL{iij'~~f'F ffl -T ;tt 9=t ~ Jitl: o 

:&4 m$:W-iclf*~~l!lS£f.tjlJ" tt:& 

b/m aim OOfJt -"'t!t* ~Mt* 
fm2 rim CH CH* An CH CH* An 

3 1.0 13.1 2.0 1.7 11 1.76 11 
4 1.1 14.7 4.2 1.8 12 1.76 11 
5 1.3 16.3 6.6 1.8 12 1.76 11 
6 1.4 17.9 9.5 1.7 11 1.76 11 

EI:J~ 4 rtf J£, fitJ~HiffJCF, ~Jit~,r:_,:t$1:ifi!JXL 1ti 
1¥1 ~ Jitfjf~ I¥J#A rtJ )XL{iij'~~ -Jit~ ,r:_,:t$1;f§ ~ 0 ~ 
Jit~, r:_, :t$1lr JXl 1ti 1¥1 ~ JiiFJf ~ 1¥1 JXL{iij'~:fff,f1!Jf~ ' 
;tt~~*--T~~R~**~~Jiti¥Jm•:ff 
*·$~~JXL~~~~~o~~m~Jit:t$11¥J~Jit 

~~}XL{iij'~f'p Jij, Jt%(lliZ~ r~-Jii:t$1*o 

3 341·1i~~·li~*Jf 

~1mJ:J:£?t;fR, fitJ~1iltif9-r .•Jit~-r:.,:t$1m 

~ ~tlll ;ffl r5 fjt11} ' fEJ.± :t$11: * ~ 1¥1 )XL{iij'~ * ~ t~ 
~Jit~'L'ftt*o :OOJOC·Jit~'L':t$1R~t=0.8 m,b= 
s m, x>tllilfitJ~Hiff9-I¥J~Jit~,r:_,:t$1R ~ a=l.26 m, 
~llilfitJ~#Artlm~Mft~I¥J~moE8-T~Jit~ 

,r:_,:t$11¥)~~·1'£~*~1'--JM-m;f§*·*::t?tJJtl~ 

ili*~-1'-~::tJ 1-31¥1 3m~m, *~11lil.lf~?t;;fJf 

:fE±:t$11: 0 
3.1 ~IIlft$i 

!OC:S:*~Wim'~ ~:I:It£~~~·1':E?t;fR ,;tt 
~*tlll~SfJfiR: 

~5 :&ID:IIm'E1tfl}[#*~ftf1ilm'~JE*~lt$3t~ 

~Mt~·C.'* -"'t!t~ 
ft!li!IJ~~ *~-t~ 

·C.'* 1 2 3 
-Hfill 6.0 8.6 13.8 12.0 

-lm'tlfill 12.9 12.8 12.6 18.0 

=Hfill 7.7 13.9 21.8 90.3 

=lm-tlfill 132.4 

~Hfill 25.7 21.1 25.6 219.3 

llYHfill 25.7 36.0 39.0 

3.2 Pl#fllft$i 
flX:fJF 1m-~JOC ~ :1: + .=WHii~I l5L ~~~·I':E?t 

. 8 • 

-lm'W.fill 
-lm'tlfill 
=lm-W.fill 
=lm-tlfill 
~lm'W.fill 
~lm'tlfill 

6.6 
22.4 
9.8 

13.0 

10.9 
22.0 
16.4 

19.8 

19.8 
21.8 
23.3 

26.2 

llY!m'W.fill 17.8 24.3 30.3 

47.8 
30.4 
103.9 
123.2 

130.2 

EI:J~ 6 rtf)£' ii*~•~m-~~flX:fJF!m'~~Jit~ 
,r:_,:t$11¥)#Art1~~*~~*~1'-~l¥1~*m1~*0 

~Jit:t$11¥J~!m'~rtJ~~·I'£~~*~1'-~~n[ltJ ,li 
r~fitJ~Hiff9-I¥J.Jit:t$1~1j\o .=!m-W-J:I¥J~~*~ 

-Jit~ ,r:_,:t$1;@ t~~Jit~-r:.':t$1*0 

4 !i!itfi 

( 1 ):fErf'l*BfitJ~IW:I.:I¥J'ffl5Lr, -Jii~,r:_,:t$1 

I¥Jm~~tlll~~~·I':E~ft-T~Jit~,r:_,:t$1o 

(2) EI:J-T~ID!*-~ftffi!I!HiffJ~~[23:i( .-Jit~ 
,r:_, :t$1~ J!J 1¥1 ~ rt1 JXL{iij'~ t~ ~Jii~ ,r:_, :t$1* , {EI. ± :t$1 
I¥J~h-T*~:t$1~~1¥JJXL{iij'~W.*,~:ffl:fi 

±~~JXL{iij'~E~~r*l¥1ho;zis:X~~E~I 

f'Frtf1!Jf~±~~±:t$1~~~JXL{iij'~m~~I¥J~± 

t$11¥1 ~ h ~ n[ltJ 1¥1 r5 ~ , w. ~ •1'£ ?t ;fR ± :t$11i Hifx>t Jt 
~hi¥J~nfltlo 

C3) ~Jit~-r:.,:t$1#ArtJm1t~tlll ~~ t~ fitJ~oo 

fJ~I¥J•Jit~-r:.':t$1'J' ,liiftflm~&*~t~t~m .~f!Jt 

:fEJi~~tlfiJ~f'ftmftt~~fiJ9=tJ!.:ff ~~ft11}o * 
::t:fE~~*f'FA~?t;fJT,~~E~If'Frtfjij:t$1~ 

~JH£::tJ~-, 1!Jf~~ .®~-x>t~Jit~,r:_,:t$1~:0! 

·I'£~~1¥J~n[ltj o 

~~xitl! 

[1];fm1!5J ,)l!IJ~J;r;,)l!IJJf¥. ~~13illfi*[M]. ~~;?::A 

~Utl:l!lJif±,2011. 

[2 ]JTG!f D60-01-2004, 0~~~tJLJXL-tirrJi!ll.~ [S] · 
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&1l:it 
C!*!B56!UJI'.ttltiitlilf~~JN{J}~Il&%~ ,)fH 510507) 

~ ~: *)C§ )'G:fl-~B T'lfiB:~~t!FB<J~:mJil~lil*, ~Jij Midas Civil *X{lf:~.:fl: T;Jtt'lfiB:~~t!FB<Jtt-~~~, :tf?Hff 
Tdit~rfla<Jti:]t$~.il:J§'Jiu~ANSYS:m~X>Jt~.~T:m~B<JiEfif0ti:lit~:m1J~B<JilJqj•~o 

*fil"WJ: Midas/Civil; 'lfl§:;§;~t!f; ./5<\.~; ANSYS~~ 

~~~~mx~~~~~~~~.~-#± 

~fflr~*M~~*~~~~~mo ~#~~~ 

m:;tEJ tt. Ji~ t[j£'J'. z,J,r#*J.*~ !3t~~m~ 
1/40-1160,~~~~f'iJ~;fl[P]~)Ett~~f'iJI1tllt. 

~#~~~~o ffir~~~%~±~~%~ft;ti:J 

li~Pitil ,JtJHITJJ?!/FIPJr#~~~mo 

1 I'£1VJl 

*m:lli: r~m!@'f*JlJIP, ~~~mtM (7\:f&~) 
~~I~~:*~t£11JiJ·Iii~o ~m*ffl* ~~~ 
~ii~~m ·*m=:~~~~m, (49+320+85)m, 
¥~tlj~ 1110, .±~¥J3t 32m, .±~ln:fffa]J€~ 5m, 
M1J!tlJi1$f/F~111n:ff a Xifr~~, M1J!tlf1J*fflrl• 
±~, ~tHmX:tt!!%~11~ JlJHJtl~ 44m ~ 57mo ~ 
m*fflm~~j]O~~, ~ (320+2X30)m Ji~~% 
~.:t:!Jtl~~:ftT21'm~a ±~*ffllftlt£~. 

W~~-1W:*ffl:ft:*£~o Jt,b1,f*;fJJ11W JN.!I 1 a 

!Ill ;Jtt'lfiB:;§;~t!f.~,f*;{Jj]i~ 

2 Midas Civiltl~I¥-Jll.ll. 

2.1 ~.l~.&M·*~#~ 

Midas CiviH~H~!l~~m --:ho~~*ffl~lji:JG, 

±~._In~ --~~±~,&~1\l~:f:1J*ffl~lji:JGo Jll 
~m~--~m~ ._tit£.&* a*m c3o rl•±, ~ 
m:JL.tt.&fl~*fflC40rl.±;:fJO~~*fflQ345 

#§;U;±~*ffl.lJLfT#§~;;R. In~--~~±~.&~ 

fft~3!UH.mt~~ o 

2.2 ~#f~jf~a{]~~ 

2.2.1 ~ 1fJ ~ ;t. S'-3 ~lrtA'.¥. 

V~~~m:B#X~tttt-~.#~:ft~~ 

~ mm:fl rP1 ~m~.&!tM'm!il?: ~~)E·!i o m r ~ 
@!~:ff{E, .±@!~%~~@!~%;ti:Jli~Pitil, ~%~ 

)EtJ,t~;tEJ t~#~~~m£~Jl~o 

{E~%~)EJJOO , PJ J'G*ffl Midas Civil }!JL. 
•~!lt~~@!m~.uHr~@!~%:i!1-t;?&J§*fflll 

miJ;IJ-¥l!JL..±@!~:i!1-tm~, :~ttD-:i!1-tJHJT; ill§ 

~:i!ftJ§~.±@!m~~~@!m~~#.:lt!:D-Rt~ 

:i!1-t, ~~iiJ~ii~~m:~mtm:-1Jl-~~%o 
2.2.2 )5tt!l;~1fj~;t_ 

~~~%~~)E~:~ttn-~ii~~m~~~m 

-~a MWM~~-~~.&~~~~lli:11,PJ~ 

~~m~~~)Eili~~~%~a ~~~~~11~ 

f~". l!JL.~faJ~~m~. MW~t'l~:B::ho~~_t 

~til~ . PJltili~t'l~ o :ff~ftit-~ .~~:ho~ 

~~~/F~~lli:·.~~PJ-~~;ff~~~~~ 

~ o f&J§~ffl Midas civil ~~~m~~~-~11 
~ft7X~._t&ft~~ --~~JJ?!._£!7f~ ii~Uil.~¥ 

.~m ~0 ~~~ftm~:tmm 2JYTJR o 

~~~~~~~~ =~~~~±~~h*.lJL 

~-.~11~11i:JGm~*-1Jl-~-a ~~~~~h 
/FIPJr.±~, ~~~h~.±14l~h. ~~~~~% 

~*tLh~*·*tLh~~IT~JE o ~M~ftrr 
.g.mm~K-~~~~~~5~~M~N~ 
~filf~ ._ .lJL~lji:JG~~~f'iJ#~~h o :ff:Ql~JV(; 
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M=~W:i!f~Bt$~ ffl¥1J~ .®~1m o 
2.2.3 _i.Jt.~ 7fj ~ ;;~ ;t_ 

±~w~~w~~~~#~~~m~~,# 

ffl ±~:7Jri:fff!r44WJ~ri' ?t ~~f!~ri '1l~ri 
~ o *ffl Midas Civil :itt1-T~~t#itJJ: at, *ffl-¥ 
~~~~m±~~~~~xmh*~:i!ft*ey, 

m*~*m~#~·~~m~m&-¥~ft,~~ 
N*JtJ~~fJj:Jt~~~~ft:Jttfi~-~~Jt~o 
~~m~m&-¥*m~m~ri,~£~s*o~ 
sukitf±itJJ:~~-~~:7JWA,£*11i~~nr: 

~ fffJt.:tEftt# rt11~#4, Ji~g~~1i ~Jr@!t# rtJ; 
±~5-LEn rff Jr@!t1f rtJ ?t _m :tE~iffif§ ~ ; ±~ ~ ~ *f 
~~-~~~~~W~f!~W~;±~M-~~ 

t~ 'iff*~~'~ ff:tE:bo ~}J~_t ~ ~ -~ m• ,:flu~ 
~~{~~~~B~o 

f£~~m~&-¥1~¥u~•~~w~~~ 
w,~m¥Utt~n~,:bo~~ll~~_ilfey~~~~~JJF 

·tffSL#/Fif§~, ~~x-tm~:Itt1-Tf~?j(, JMJ::t~~t#?t 

~~11Jrj~JJ!~~Jt~&~~o 1~¥U:f!1{:~~-~~n 

003FJTJRo 

m 3 ±~f,j~~1-tmiDI 

.llt~-m1~a:•~~ = rnr~?t~atm~m 2.2.2 -=p 
* JXL~tz:~~_[!£rtJfnf~-m,~/F~m ,!l~~wey~~ 
ili~/Ft&~~~fSLo jj7r ,x>JTJti$x~ff~~~t# 
~~§1W~~M=~&-¥#/F3t1~,.llt6tt*~ffi1JW 

J-'r, #Htlt$ey~~~, 1.§.Jtfnf~ll~~mt:ID.i• 
----1'tvJ\~~{I[,:t£±~~~:1!1{:at ~Jff~?Jcapey o 
2.2.4 ii~ Atf~ 7fj ~ ;;~ /t. 

£~ 2.2.2 fQ 2.2.3 ~?t~* ,~M-~:itt1-Tir 
#,Jru]!if~:f!1{:,~:V:JMi~~~~~,mttw: 

~li--~-~$£1.&~1lf:®~,:i!1W~n004Fllffio 

Ill 4 Jit'fll!~~trf:ii~mttrf~~ 

2.3 Pl~1PJ!-fli~~ 

f£J::t2.2.2-2.2.4 -=p~Jt~, ey~1~¥U'fll!~~ 
~~m~•~~,~-~eym~~~m•~~~~ 

h?t~llfitl~?t~~o ~M=~-~~r~~lli.#~n 

. 10 . 

3 'l~~~ 

~~--~~~~ttll~~-jJr!~eyfi 
·11:, jj*ffl ANSYS ~1lf:~1m~_t;i!{{:Jt~1~¥U~ 
:il~f-·~~:Jtt1-T~-o tEANSYS-~9=' ,±~, 
~ ~, JXL±~Jl)Xl1JL~MJ *ffl Link 10 Jft 5G, 115(. ~ 

Midas Civilm~~~:t~w~m5t, ~~m~~w~ 
IXN~; ±:lt,iffi~:bU~~Jl~~M)*ffl Beam44Jft 
5Gm1t{o £~ANSYS~fJf~-~~r~~1ir#~n 
00 6§T7Ro ~~Jf9='1iz#f"J~ 10mm,Ji1J§J§9=Jjl 
*f"J~ 24.2mm, ~Midas Civil-~itJJ:~~if§ tt 
if§£~;j\, ey iA~£~ Midas Civil ?t~'fll!~~ 
tJfjJr!,,i6J,~Jl-~~~~~o 

00~.;83 008074 . 0107&6 . Ol:l.t 57 01&149 _01884 . 021~32 . Ol~W 

00 6 £-T ANSYS 1¥Jn\ttrfm~(i(t11l:m) 

4 ~JRiH 

~ll!~~t1f~rrJJ:?t~/F~~#~~~t1F,* 

X*ffl~~Jiffl~:ff~~5G~{lf:Midas Civil,xffill!~ 

~M=~~--'6J,~,a:••JJ!11Jt:t£~1lf:9='~~~* 

1-TTW~1t-m ,#Ji;li~ ANSYS·~~itJJ:~*x>f 

tt, ifSt~ T Midas Civil·~~~~·j1:Jl)C9=':7Jr!~ 
eyq-rl1:' ey ~~~~fJf~itlf?t~tJM~ 0 

~~x~ 

[ 1 Ja$1!:11:. rm4:ttuJ!IW~ll!~~trffit~fJ?ttR lk 
i&tit1t1tWfJ'E [D JWI¥ii56i:X~, 2014. 

[2].3::~~- ANSYSifj~fiJ~'lil?ttJT[M]. ~t:JXm: 

.AJ~56itti #li1± '2007. 

[ 3 ]jft}LJfli. ~~trf [ M]. _Aj~~3(:Jitti #Jil±, 2011. 

[ 4] .!$]III/!~. trf~Ifi!fX 14 Midas Civil J&Jfl Ifi~f9tl 
[ M]. ~t:JX :_AJ~3(:Jitti Jflif±, 2011. 
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~~1t 
Cl*ilf~JIJ;!ll.:\Gtl~itlilf~~JN:{)t:fl~0PJ, !~Hi 510507) 

:liti ~= l!ifl#l*i:lt0Mt:J.:xm~>Jt~~l*i ·**l*i:lt0MMIP7l<~it9=t .it~ml:lft~~:Jlk--1'-~~0 :2f>:X:ftiJ\'IH'f?N9T 
Jm:fl it~ml:lti~{I!!JiHUI~:~~m!Lt, ~il-~~IWlJ! § , Ji:tiit~?Hff:f.iff!~it~ml:lt1~ ~WfOO R i" ,~~mt:rt 
~{l!!ffl~#.~i:£~m[Ji1~:t£i*jJ:t0JMtlJ!§rp~{l!!ffl*J~~~~o 

*tlim: l*i:lt0Mt; it~ml:lt1~; fillffl*i 

1 -~ 
~~*~~0~~§~~+%ill~.~T~ 

i!E~JV(;B~~ill*~~JlJ&:&n~~~M:. :tE!h1!f~ 

itlm"~llll1Jo:k:J:~~*~ma 

§flr~~0~~~~~~I~~®~~±. 

~ §~,Q!(;jff:j:~~:!l!::f§xt$3t~a ~~~~Y~liB 

:tE~%~~0~~§~~~mm.m~mr~~ 

~it£**ffl~t~~,I~~tt~±,llli~it;M:~ 

~ I¥J~tt:1Jr! ' IPJ ~1i* ~{tf:' :lt!!~~{tf:~ '/f IPJ 
~m*ml¥1~~~ooR~~~m~#~~*/F:m 
IPla-JJOO&JV(;SW.~-JJoomnmrM*~ 

OOI¥J/f~&JV(;~~0~i¥1*H,.~~~0~1¥J 

J}J~~-11:~ti A·l~l:a 

*)(~-@-)*1!fi*J~~0~I~~ § ,Ji:it 
tt;M:%~~~~~~~~1¥J~OOR~,~~~A 

~~ffl~#.~~~~~~:(:£~~0~~§~1¥1 

~ffl~fl}~{~~~{)\lf:~o 

2 !Ji~i)aji!f~*.JT 

§f~I~~0~~§#ffll¥1~~~~~.~± 

~ ffil ;~ ~~~ ~JJ ~:11[:11[JI!jl ~Jjt fl1 Ill ( 260cm) f'F 
~~~~~~I¥J~Jjt, f*Jjt 25-35cm/f~, ~~~ 

JV(;~~%, ~~fflt~1jr!:.B!:~IV~11;ft1jr!:, ~OO~A:!£0 

00 1a 
~-~1!f:&~.§flr~~~~~#:f:EI¥J±~ 

l'iiJ~::.lik: 

C 1 )MJ!IM~jgif1JJM, %'JJtl::.likMI!IM:f:E~~ 
7fti:*§tJV(;1jr[B!ff!t~~-*Tl!8!1liWM, MU7J</ltt8tl 

F£, ~ I*J:Itml~l9-±; 
(2) jg ifWH1~ 1jr!:~ -K:$3t ·19c , *Y1rt$3t'tl , :it*~ 

oo~~F£; 

(3) §flr~~~~r~R~$3t~~-,{l(:f:E~JJ 
~~/F-K:5lt~ffl, W-K:~JJ~~ffl$3tY, ~~11iiJT ~ 

~~~r~~¥Jmmm:m a 
~L~,§f1I~~~~~I¥J~OOR~~~~ 

~Ai¥1~-,:f:E~§MI!IAA~jgifM~~&JV(;~ 

.liltlWC::it*~OOF£~~~/f &Jff:!l!:, ~~&JV(;~ 
I*Jf:ID*fftlil~~oo .•nfitJ1-T$~~0 

!30 !30 

3 1:: ~~ill~ lil9i mLR '1" 'o !i!i~~iti¥-Jiitit 
~-~~~~~~:t£~~0~~§mffl~# 

:tE~¥J~m~~oo~~Fm:~~~.*m~~:1JA 

:l1!1-T{it1t: 
C1):f:E~~~~~~~fflt~-~YiJ3rrm~± 

Jijfffjlj~' ~-~~.ffitl~~1jr!:lill.Jj(~fii]Jl!!; 

C2)m~:lt*~~~~r~~J3rWC::tE~~~~ 

:Jt~~%~i¥1:1JA,~-~:it*~00~~1jr!:~~ 

~F£1¥Jj'iiJJl!!o 
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20171f:~2W3 

*JiH~B~H-II:7kia:ttW~, tt•?tflT1i!B~~~ 

IDI:ltl~~OOR -t "~OOID!A:~lit151!Jil~Jdtf:o 
~)*~~-*~~~~~~~0~IW~ 

§ 1'1-1?<1£ 'ia:tt $ ~1'1120kmlh' ~[P] /, $Jt' iE 1it 
··1'J~,~-1'J~oft~~~Jtl·~~jg 

lOrn, •no1'11!J!19l::B-, :ltl••$1'11:1.0, l±\Jk 1=1 -if 
JjtjglOOm, ±~~ ~-JI!p~Jjt1'J260cm( 1?"li$ft 
a), ~no;f-tt-J.1'1Wwri~±, ;f1H~H0~1-11:7kia:-tt 
~J.1t1~(JTGff D33-2012) ,J'{.f*ia:it~~:tm~ 1 o 

* 1 iiit~ll-~* 

~m titt~m ;f£mt~~CIJI) :l!!!*mlt ~§tm~ 
}Jjff;j" £3J,l\~ I ' ~~(s) ~~ 

mm :¥ ~M :flfM ~M :flfM n 

10 15 0.95 0.85 0.013 0.40 0.040 

~~ID/:ltl~~JJt:260cm(±~~5'Ht~•JI!p 

ie~) , #:xt::f fitJ IW~~Jii--ffJJt, HP1-II:7k~1£::f 
fitJ , 1ifB ~::f fitJ IW Jt1 ~i*JJt , tt•~~!i:~l~dm 00 2 o 

~ ~ ~-------------

'7 "' r---------------------=- ==------
m ~~------~~~----

~~---~~~-------

"' ....-" 1----------------
10 ~--------------

50 100 100 300 400 

1112 ~1*!51'11'7kB*;f£:k~~~oo 

00 2~1!§ ,1-l1:7k~1£::f*II>f, ~~ID/:ltl~f*Jjt 
::f *r 40cm, ll.iMt1-11:7k~1£ IW:It*, iE:ltl r~?*JJt'ftt 
ll.lf[2:1t*, ~PJtJli!L1E1-11:7kftt>J(, ffi~1-11:7k~~£Jt¥U 
-~-ffJJtlff .~i*!Bt*,1'1Jt¥U~~~~5&*~M 

IW5&*,PiiE~~~~:Jtia:~~~IW~A:*fi~ 

W, iE:MtJ®i1-11:7k 'ftt>J(;fll~~ 'ftt~ IW'Ifl5ff , :m~~ 
ID/Jii~~f*:fJ0?*~45cm(~~ID/Jt1~(-) );fll:ftia: 
~~~(~~ID!Jii~C=)) ,3!0003;fll4o 

130 130 
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130 130 

4.1 j:_~~}h)~(-) 

~~ID!Jil~(- )!Wm/lPAStl~~JJ*fJJU~M!!IWl 

lit)gif:fJJWl , ~Jt~~N rrz 151!m ~Wlk:~·!i 129 ~ , m 
~Jt{51!ffl1t1M!Wlk:~ft~~o~21'J~~ID/Jt1~ 

(-)!Wm/lPAStl~--M~o 

ft~~~~ tittmt~ ~~~*ft~ 
*~:fit(%) (m/s) mt;;lt(m/s) 

0.505 1.198 1.2 

0.76 1.198 1.2 

2.27 1.597 1.6 

±191:~~ 
(~±) 

'l!r~1ff.±191:~ 
~(~±) 

1ff.&:t?M 
(mE~ 1.8m/s) 

~2~1!§ ,::xt.:r~~ID!:ltl~C-) ,M!!IW3litJg 
i!rwW3, mtt1ii~**%~ .~Mt:l!mtflft-mtl, ttc~ 
:ltl~M!!I:JGJV(;Jff,~lit~~-l!1i!*ffl~~-· 

if£' ~1i~~ia:1i! El. 0 

ll.lf[tf ~fa] IW:tfi:fJO , l!tJt~ -ff!Bt1'1 BI!.J£ , ::XifrfrtX! 
1f?Bt* ~W !!*1~ , iE f¥i!E:lt1 r~ ::f ~ ilP .liltl~W ·tff5rf , m 
~~)E::f~~;fllrfrt:lt!W~>J( 't&iE~~~-ft!Bt 

!j\~ ~~:;f~~;fllrfrt:lt~11ifj, ~-ft!Bt*II>f ~:;f 

/lPM~•*rmX!~M.~W~~!Bt1'1~WIWMffl 
r~X!0~M!!I"Jgi!f;fll~f?~~~IW151!ffl~{tf:o 

~*?X-*1£~ § 1'1191J, 1i!B~~~ID~Jt1r~ c-) 
!Wf51!Jij~{tf:: 

~~ iliJJ< 0 titt;f£ Jtl~W: tiit ~*ft 
~:fit I'BJm! mt:i: JJ<filtfJ mt~ ilfmt~ 4H:E 
(%) (m) (m'/s) (m'/s) (m/s) (m/s) 
""1.0 460 0.733 0.734 1.19 

""2.0 

""3.0 

""4.0 

195 0.310 0.311 1.18 

125 0.199 0.204 1.18 

100 0.159 0.160 1.18 

1.2 
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20171¥~2jtij 

~3~00 ,xtr"~HIU!J¥:e<J~~~JiiY1g(-), 

E8 -=fftijtij1JL*1lltl~~JJ~IUJ\, ~~Jffl-~~:fl[e<J~:k, 
~mJJE1JL*,ffitle<J~>J(,J't;{!JijlfJ3t~i4Jf~!j\o 

~4 tifiJI[J.tj:_~~U!)1il<- )fiffl ~Ht!=-~~ 

~* tf:I:Jkr:J ~IT~ Jti~mt ~IT :li::kft 
W.#t IEiJRE mt:il: JJ<j~j] mt:lt ilfmt:lt *r± 
(%) (m) (m3/s) (m3/s) (m/s) (m/s) 

:E;l.O 280 0.454 0.462 0.75 
1if.Bt 

:E;2.0 405 0.646 0.652 1.06 1?00 
1.6 

:E;3.0 575 0.917 0.922 1.50 Cmt:lt 

:E;4.0 485 0.778 0.781 1.59 
1.8m/s) 

~4~00 .::xtrMilit:J¥:1te<J~~~Jtir~c-). 

:tEilitHmtl*::fJ!i:ctm:*.mtl:li:kmtl*at. ~~lffl-~ 
~:fl[e<J~:k, Jt151!ffl-Klt~~~*, ~ilitHmtl*Jii 

:ct:li:kftitmtl*at .~mJJE11L*1lltle<J~>J(.Jt{!jij 
-Kltlil~~~Y' 0 

4.2 ~~~J1l51ilC=) 

~T-~~~~JtiY1g~ffl~~~~a<J~~. 

:tE~~~Jti r~ c-) m-;=®~ilit~:WY1g, ret PI w:•~ 
~~~JtiY1g(- )PJ~~r¥:tEI¥J*1lltll'iiJ~. XPJnt!JJE 
J!:ke<J11!07.Klffl-* 0 

mr::f~e<J~:WY1gY1g~M~.r¥:tE::f~e<Jm 

~*~·m:*.mtlf£~~/F~. ttc;f§~a<JY1g~R-tPim 

JE.e<J11!07.Klffl-*::f~ 0 

LV; ;zjq'l( -ft<f£:0! § ~ fj)J ' lifO)£~~ ~Jtl ¥~ c=) 
e<J{!jij~{lj:: 

~* tf:I7J<r:l ~IT~ Jti~mt ~IT :li::kft 
W.#t [Ei]R£ mt::il: Jj(j~jJ mt:lt ilfmt:lt *r± 
(%) (m) (m3/s) (m3/s) (m/s) (m/s) 

:E;l.O 440 0.644 0.649 1.5 9€%~ 
~:!l# 

:E;2.0 625 0.914 0.918 2.2 t--1-*Jfl 4.0 
C20t~ :E;3.0 800 1.295 1.299 3.1 
~±'fiJi 

:E;4.0 1180 1.580 1.590 3.8 11i'J:!ilc 

~5~00 ,xtr~~~JtiY1g(-=), E8r~ilitt5 
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~~~•m~•~«~~owmew~ft~*· 

AIDOO.CPT~~-·*-T*:S:~M~I~. 
~~B~JV(;J}J{! CPTU(fLffif!thfO!k1*tt#) rPJ ~ 
J}J~~~B"¥1-t:7f[P]~-c43 l o § frJ;ft~l3~;r CPT 
:tEtt#:7fiD~#iE-JE~&RE, ±~*~iE: CD1* 
~~JM~l3~~J~m~~PJ. ~P;ft~±~f!m~~~ 

trf1*~~~trf1*~ ;®;ft~±~*m CPT~l&qc, 

fs,ps.=:.-i'mtj, rm~~B-ft-M!i*ffl CPTU tit#~ 
J&Bq,ru;®;ft~*m~~trf~~trf1*~J}J~~~ 

-. ~;r--~*mJ!!!!I~1*~, ~lill.$1*~•ifM~ 
•utt#J}J~~~¥-F o 
4.3 BAT1X~ 

BAT -* ~ EE llfit A I W J)iJf Beng-Arne Tosrten
sosn -T2omeso~1-tflt*~ili*. l*-*~~nm 
-TM~J!!!£Jffi:t'IRD*ffh,~M-*B~··-* 
-~~o*~~~PX:±~~m~~ffh~•u, 

tm~j'£i!l'J-*~,:flt~~fi~~'lf·. ~M±f*~ 

Jffi:{ir•a-*B~it·±~Ji:Ct~tl~:CtW~:Flt~~ 

fii*J~ffh*-*PX:o BAT -*~~:\m~~IJtPJ;H!tJ.!i 
J!!!r*ffh~~PJrmJ'!.~M*~•~ff*~•M# 
•~:nr!.Jt~ :CD~:Flt~~Bl*Jffh*-TJ!!!r* 
ffh IJtJj()>\:flt~~·l*J [P];[-.mt$:7-J ff*~·; ® 
~J!!!r*ffh*-T:Flt~~ul*Jffhat~IPJtm~• 

ml$:7-JMJ.K~& o l*-*~Ji:Ct~tl:S:tm~ m AE!f51 
/&~Jii'ltfLM*ffh7~lf5c:CtW~tl~J!I!£7kf~M 

*•~.~*m•ttM~~rH~~~$-•~ 

M~~mm*~*!i~~ili*f~M-*Bo~~ 
*~[44.45], l*:7fr!~PJ~l&7k¥-F:lt!:H1-t~*~ .:it 
Jt~~~W~·t:R~~PX:T !i~lf~M.~o 

~±~l*J~~J!!!,~J!!!~~~~m~~~~ 

~¥a, EJ'!-~5&JJt~,ffif,Uj•11:*, 1S-*:I:rwi,fLUt~ 

*~~f!&JJt!Wi.IW~ ~M·I1:o ~±lm£PX:7-JT 

~Ji£~IW~~~-~~-~-~.:JtJt~!Wi 

·~0§~§~Ji#~~@~o~~M~~~A 

~tt#~:ltt~.~±~PX:~~M~IW~ft~M 

*·~~o~:7-JJ!!!£~~~it~£~.0§IW 

J!!!19l:!JJ~~~1!t~J!!!£~£:;$:·11:19l:~M,~~~~ 

~~~mOOoiE~±*~g:lttq.:J§£!JJ~.~± 

PX:~~M,~±*~~g~M1!£,~±~1i£%M.~ 

~rilri£±~M1!E•:f§*~l*J~~!Wi~0§IW 

~±J!!!£!JJ~~-.~O ~-T~±§£!h~~-~ 

·11:, A {f1{E"~1*l&¥-Fl3 ±I ~&#IM1t" ~-# 
ffljjr!~£~lfl_tM~#f&)T CPT(~ CPTU)tt 
#~BATiit#o ~~A{fJM~~~A.0§~± 

§£~!JJ~~!.l6'rPl~~{f,fijj~,~~~~~--m 

{tjj[Pj~-o:ffiffl~~#tt~-~~~**•~ 
1r.PX:~~~~J3t*tt!b~tt#,Bti~l&tt#,~ 

~tt#~i1fffl"tt#~~{E!J64'T 0 
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¥ T-~ ±1f!1J~J9!U a{]~ Jfl ~j~Jii 7l<m 
fj!i9!UJJ5*x'f tt~*li 

*-kSJZ-
<I*~XJI:fs!l\:tiJ-J&!it:&fJl~JN:ffi":fl~J!0PJ .lfN 510507) 

• ~= [ § a<J J mffi~:li~!E~7J<m~a<J l*liE.@:m. Jt;yr § Htr~f!ltflli~~:li~,J<ttt•:lfr!ttlife·l1:l!lmm·l1: 

~;f§;KI~,&J11!~0:r\:~Jtl:-?V~M!fm~~~o[:lfr!J*ffli~:il!!i9tiftff1!E?Ji!il~,fti~,~~,~~,&~J*Jiat~~ 
:lfr!;~~:li*~~7J<:Ihc~Wc1ml=5~:li~JJ<::I:tt•0:rttt•~N:Jtl:BX>Jt[jo[~N:J~OO~WT$1'&~I~:il!! 

!9t.&JJ<x:il!!i9t'lfm; ~ filJ0:rtEJr~~~JJ<tflliru~N:m~~* 0 [ ~~ J 
~:li~!E~JJ<m~a<JI*liE.@:f51±~~ffir~lli~mJJ<~*AA~JJ<m~;*m~~~0:rtm~a<Jflliru~N:l=5* 
I~~lm~{llJ\i~~J!Io :op 

*fiWJ = ~:ii~JJ<; ~JJ<tflliru; !h~; !l!!r JJ<i9J1J~7! 

*M~*.~*~~-~~~~IW*~~ 
#tEli~~:ii!JVtF!iJ§"*I¥1IW~~c~Jo :tE*M 
7J<JJfFmr. ~~~~~*~7J<~1:.~W~1t~&llll. 
{51!~~~~~:!g5jlf~ff£-J~l*--1fJ~.lf~~~~$.~ 

~~ *Mg(~Hil£t·r::E~~m'*F!i~~~ o trxt JltfiiJ 
~, ~~ IW!frll hH41iff~::f:lt!:h T ;f,R~I¥1~~, m 
ili #fli ~ T ~f'P!PiW!tl ~~rm7J<:i: I¥JWi~hH£®::1J 
1!:, ±~§115: :f:tl! r 7J<~JJ~:1Jt! _,7J<W~Ht! _,7J< 
f~t!-- tt;ft{t!;_,JJ({l[)t;flft!;_,~p~·r::EWi~:lJt!~ 
~[2-7]0 

;tt* .:f:tl!r7J<~JJ~tt:xf7J\:m;flftt:.~~tw:f:tl! 
r *~JJ~ Jn:wmJJc~fi;flfi¥J::7rtt:xt~~:lt1W~ 
#~w{l[~#ri¥J:I:tl!r*~~~~m;flf~.~w 

~~!Piru~~~*:i:I¥1§1¥Jomr~:1Jt!~~~ 

m T ~~Flf::{ll::f:tl!.&J:YF~ _,7J<X:f:tl!.&J: ~flj:_,nf!!I:lJ 
~--~:l:tl!9".frj(~3Hf£1El~ .iE~~~7J<:i:H.*ii 

1>11t ffl o ±~1!2115: tn!WT~f4:K0~ _,jc.2fJY$iit;0 
~--1li:Jfi"fl5~0~--if~~~0~~[8-9]0 

m~~w~.~~I¥10~~H•::7rtt:FRmM 

*~HJtlt5t7c, Jt-4-i'iU:JC~~tJt-~iA PJI¥1~~~71< 

:i:!PiM.t!oW~m•:f:tl!!PiM~~~*:i:·~· 

~~I¥1~7J<:i:!PiM::7rtt:~m•!Pi1Yltl~~~*•l¥1 

*•o!EI.IIt~~~M~A~IW~~.i£~00~ 

--~Flf::{l.!:IW:f:tl!.&J:~*x•.&J:MNI¥1~~~. 

xt § ID11t m 1¥1 •~rm7J<:i:!Piru :JJrt:lt!:1-T~m ·r±~ 
m•·r:£~®:. f.R~-~~7J<:i:!PiW~tliW~®:. 1-1~ 

*:i:!PiW~tl::7rtt:I¥J:lt!:-~~~m~ftr~~~~ 0 

1 lfit.Il: l&i&~IV~ 

1.1 ±tklf~±tk~~tiE 

~ ~ 31 :i:fli ~ :f:tl! ~ IK, :f:tl! OO;f~ ill1i 158.7-
236.0m, :fEixtill1i&~ 77.3mo :!g~"'WW~I!flt~~, 
1-J•r*l¥1~if,~~m~T~.&J:~#o!K~~ 

~~-=ww~~t*~IPJ1-J±,;ttrx1-J~tw~IPJ 0 :f:tl! 
~*~±~1-Jjij!~~:t:l{ff!U~ 127mW~ 1~88mi¥J 

w ~ 21-1 ±; w ~ 111< mM!!Ittr J§" ~ -4-JE 1tx~ 
1t.*mo.6- 1.5m,*OOt~ill1i~ 158.9, JlJ~2m!iE 
x*, J1J ~ 2 t~JJ<:f:JJ!:f:JJ!Dtill1iW1-J 161mo J1J ~tttJt 
Jt~ '*~~~tbf!K:&:J1J0Jm 0 

1.2 ±tkmi~~ 

*~§JK~-.&J:~:Iii_±~jg~~-~*JlJ~ 

~~:lii--:tt:mwwr~~:iii*~*:lti- i}gf~tw~PJ 

~:liim'--~-~:iiio~~AJlJ~~:fEI*I¥1±~1-J 

ft:I1LWT~--~rftWT~--~r:f:JJ!~~o 
( 1 )ft:ljj;Wf~: ft:ljj;Wf~?t:tll r~t*$W~Eft 

:11L-m', ,ffi,~~[P] N80°, MY~ffl1-J~Im*~.W. JK~ 
g{$ 10km, ~~~tE RK5+ 780 ::{(1:~ 45°*-'I-Xo 

(2) ~rftWT~: 1-lili*W 1PJ WI"~,~ 1PJ ~ 
80o, JK~g{$ 8km,Ulr~~~t{ff!tl ,m!RK6+000~ 
1km,~~Jiftf1t&~~~.2t~r•H*~m~~ll 

-~* o A~~t!E1-J2t~l!l1t~:ii!JU~i:!g, ~~ 
¥~1i!\'.9!tl~~ ~, jc!j\ 0.5-3cm, JBtM~ 1-J~H$~ 
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2o11ft:~2M 

;'6~ ,J'J,5j?,!~1!!1to 

(3)¥lJ-T:f:J!WT~ :JEJPJ~ 60° .~~ 145° L65°' 

lR 1*J ~f$ 6km, m r~Jm~t-1J!tl, ru! RK6+000 ~ 
1.5km,WT~11111!: 10-20m,tiw-rllt_!::u~~m~~ll 

~~~oWT~111mltiT~~~~WT~~m~o 

1.3 ~~;'6·[1: 
1-..~±t±(Qml): })(~, 0-0.15m :lg~Jmtti, 

o.15-0.3m m i$E", JX\.1t± ~m~ o ftUW?t :fiJ , J¥ 
Jl0.30- 1.50m,ffiiBj~JJ<o 

2 ... ~.iJX\.1t?:lt19iltP;'E-(Z): })( B~!±Jt-.. ~~ ~' 
;'6~£li$~~.;'619i$X, l11J!!~I!Ilttiw-W~, MOO 
~~, ?:!t~ltP 19J:~#J, ~~#J:ii!, #J:ii!~PinJl!f;'G~ 

li$ , ;'6 ~ *~ a)H£~. #J :Xi! 111% ~ o *W?t :flf , J¥ 1f 
47.70- 80.60m, ~~~JJ<o 

3 ... ~.iJXt.1t?:~t19iltP;"G<z) = .-m~, ;"GE" JXt.1ti'J 
?.!t;'E-~£-*;'6-*±~,~JJ<$}({t,l9J:$}(o ~£?j

;;fjf , Jf:fl:lg 8.1 Om , ~5J~Jj( o 

4-.. ~ JX\.1t?:lt19J:lt9;'6(Z): -ff}J(~, ;'G~i$~-?;ff 
tt~, 111JI!~I!ilttirf, l!iltttii!~, ;'619J:~ij!, lltmPinJ 
J1fB, ?:!t~ltP 19J:~#J, ~~#J:ii!, #J:ii!~PinJ£;'6~U$, 
@;'6~*~~~#J:ii!*%~o*W:fr:f~J,J!j[Jl 

1.00- 47.50m, ~~~Jj(o 
;tt ~ , x>t1JiHt~·l1: IW ~.iJX\.1t?:lt19ilt9;'6 ~Jf ~ 

T#.±h~~i*J~···-·~-~~~-T6 
~ 'FJT1~ ± f*l!f*~fJI!h ~~~Jg: *Jj($ 21%-.. 
W 1f 1.9 g/cm3-.. ±tL rt £ 2.7-.. fL I!IJt it 0.7-.. ~ ~ 
28.4%-..m~~ 18.7%)f,!i~h 17kPa ... I*J~-~ 33.6° ... 
fftffi*~ 0.27 MPa-' ... fft.mmii 6.2 MPao 

2 7J<xtmli%fiE~*H 

*IR5t.t.w.m1!1, mu:S:J'ErrP .~r7Jc:f~~*~1E 
JEo Ji~ft11E .#J:ii!~I!IJt;fUJX\.1-t~Mtiw- ·*W?t 
~fitt~&~.~!!IJtJJ()~?J-;;fjfo~~·~~j_R 

~7.Kx~19i oo < 1 :2o JJ) , ~ --r 7.K:lgf'~~~fLM7.K ... 
£;'6~~1!1JtJj(;fnltJT~~i$1!17.K~*~*= 

( l)f'~~~fLI!ilt7.K: )~?t:fff-T~ llY* ~, Jt 
~liP ... ltP1i*:7g±~**~, ±~]gm,Jc, 7.Kii:t,t 
z o • # rii 7j( ii 76.73 - 653.57 114:113 , ~ JJU fL 
2380.41 114:/13 ' Jj( lli. :J:!I!. ~ 0.21 - 3.85 * ' Jj( 19i !)J 

HC03-Ca 7Jil.:lg _±,"{if 1tfl 0.02 - 0.36 3'l:/Jt o 

(2)£;"G~~M* :?t:flfr£~Wm* ... ?:~t19i 
;'6 ~ , :tmltP;"G ... ~liP* ... ?:!t19ilt9;'6 ... -T ;f5l:;"G!W JX\.1t~ 
I!IJt;fU#J:ii!~M ~, ~r JJ<IW:f~~;fn1-i~mt:®l12~Ji 

•m, JJ<ii~:t,tz 0 ~ # ~mtii o.o39 - o.325 f!-ttP, 
~ --r 7.K12mtm~ 1.21 - 5.537 f!-ttP. ~ n 0 !lL * 
19J: !)J HC03-Ca ~ HC03-Ca.Mg 7J11 :7g _± , "{if 1t fl 
0.02 - 0.1 3'l:/Jt 0 

(3)ltJT~~i$*7Jc ::0! § IRI*JWT~#J:ii!tirf, 

D.J~t*:IE tnJ :7g ±, ;tt{X:7g~tW:JE tnJ o JM ~~- ~.i 

~7j(~, :7g rlJ~tnJ ~il!~7Jc!W±~Ji:i1L 

3 lfimmbJ<;BuYm&~*ff 

3. 1 l!l)g517.l<mf9UY!tl*' m1l5t 
§WI .~M~il!Yii7.Kii!Wfir!~#~~.:tE~ 

oo#m~W±~~~r7.K~h~fir!;fn~•%~ 

r!,#BMAOO~fift~~~-ft1oAf*·r!~ 

r: 
< 1 );fnJ~~f4~tt•rm7JciifJI!i~%~ = 

Q = (lr+2H I R)HLK 
s 1nR-1nr (1) 

~ ~ :Qs :lg~JiJI:if'*"Jj( f*.mJE #YifiJJ(:S: ( m3 / 
d) ;H:lgfir-li:Jj({ft~~JirfPJ~lij!~(m) ;L:lg~JiJj 
M*7.Kf*IW*fl(m) ;K:lg*JJ(-f*IW~~*~(ml 
d) ;R :7g~JiYifiJj(jt~PinJ11!:fl (m); r :7g~Ji:flltJT1ti 
:OO:fl!W--* ( m) o 

(2) *.%~~:&i*Yil*iiit•%~: 
2nAK(H- r0 ) 

qo = ln[4(H -r
0
)1 d] (2) 

~~: qo:lgWIJ!fJi:it*7.Kf*•lli.*Il:&i*rii 
JJ<ii(m3 /d) ;d:lg~JiWIJ!ftlltJTOO~ffti.MJ1[12(m); 
ro:lgW~J!fmltJTOO~ffti.MJ-*12 (m); A :lg~~*~,

~•mo. 86o 
(3 )Un~~~~J£mtfJI!i~%~ = 

q
0 

= 2;r)J(k lln[ tan ;r(lh- ro) cot nro] 
4hc 4hc (3) 

qs = q0 - 0.584&Kr0 ( 4) 

~~:qo:lgWIJ!f•{ft*lfii*YifiJj(:5:(m3/d) ;q, 

:lg.fft*lfiE#YifiJJ(:S:(m3/d); h ]gfir-li:JJ( fft~W!J 
!t tlltJT 00 ~fft I.MI ~ ~t:.\ IW RE~ ; h. :7g '*" 7.K f*:ff ~J¥ 
fl ;-1 :lg~~*~; e :lg~;MJ~-*~, -~-f'F 

IL 

II 
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12. 8 ,Jtf-m~%~)'(1WJ__to 
(4)it~i~t~Yi0A:: 

Q =L 2nHK 
0 4H 

ln d (5) 

A:~0~•m~Mm•mn•*•*•<~ 
d) ,Jtf-m~iJIWJ__to 

(5 )fkJ'mib~tl~m:t~Yi0A: 

iE 1itrm7k:S:-ttJJ:0A: 
Q. =LHK(0.676- 0.06K) (6) 

•*rm7k:S:it~0A: 
Q0 =L(0.0255 +1.9224HK) (7) 

3. 2 mii§515J~~7.k.;.f9U9!1J 

~i!M:M~~!b~~**~m~~~*~~ 
~ nrfn , itJJ: 00 A::ftn 00 1 Flf:lR o 

He 

L.~-
IE 1 ~:i1!ri7k:I:H;M:OO;r.t 

~~~•moo~~~*~.fr~~m~~£ 

~__t.~~ft·tt~g~*fi~~~~**•T 

1it*~~*~Yi.~Yi~-~~~Elf~~*f~ 

M?tJJU~ = 7kf"~1r7riPJ~~*H~ IO"~Jkm* 
J3t 20m"%~*~ 15.32"~A¥Jit:S:1240m3 "7j(~~ 

lt40m" ~~*~ 2.02mfdo 
fUm .LJ±0A:, ?tJJU-ttJJ: •miE 1itrm Jk:S: .!:5 

•*M7k:S:~*:fto*3 FlflR o 
*-3 rmJ.k:l:it•~*X>tr~ 

~{ftiE# N:ftiE# ~{fti&:X N:rt!l:X 
it;M:Jrl! ril./<:1: rilk:l: rilk:l: rilk:l: 

fli1Wfjlf4;K 
0J:.t 

:X.%1$iit;0J:.t 
1li:linoo0:r.t 
1!1~~~0J:.t 

(m3/d) (m3/d) (m3/d) (m3/d) 

100.4 5018.7 

142.1 7105.4 

133.7 6687.5 135.3 6763.0 

180.1 9004.15 

43.7 2185.4 151.5 7573.6 

m~~m.~~WJ~0A:Flf~•m•*•~& 
*5tA,fvU9!tlfi7k:S:.bA'J\¥1JA1tUX~:;fnJWT~f4~0 

A:<~•n~0A:<*~~~0A:<~Yi0A:< 

it~~0A:oJt~;fnJWT~#~0A:rrJJ:~*~~ 

iJ~i~0A;EJf~ifiJJ<:S:~-*o 

3. 3 mii§515J~~7.ki~~~~19!1J 

xti*•m• Jkm?tJJUfr 20111¥ ~ 2o121¥* 
Br•m•*•~~~-.~~•m~~•*• 
aa~:fto oo 2 FlfJR 0 

IE2 rmJJ<:S:aa~oo 

••~~~•~*m~~ili.~*:M•m• 
Jk:S:KQ~~ 1200m3/d, l®:Mfi7k:S:BQ~2800 m3

/ 

d,Jk~'i'JkJ§"Ji:AfiJk:S:XQ~ 10540m3/do .hAW 
~EBr~l®fi1JO~ri7J<:S:(BQ-KQ)~ 1600 m3/d, 
EB T7kJ$'i'JJ<!ft1JOfi7J<:S:(XQ-KQ) ~ 9340 m3/do 

;ftljfN 1f~l®:S: 1400-1800mm, f~~l®:S: 
1500mm, ~1®*~~ 1.2(1800/1500) ,M:S:flfll* 
~~ 1.3 .9!U~~J~,fi7k:S:t~~: 

Q=1.3X [KQ+1.2X (BQ-KQ)+(XQ-KQ)] (8) 

=16198 m3/d 

!5*3Flf~iitJJ:~*~tlj$Jtm~, 11tm~~rm 

••m•*•~7r~~-.:r~~.Jt~it~40 

A:rmM~*•~•*••~~~.m~~~•M 
~ 55.69%,1JJfffr$J'tAfAiU&o 

4 ~~ 

~-~il~~IW*:MM*:S:MM~*·~ 
~?t~T§M1itffl.mM*:S:rrJJ:0A:.~~~ 

r~i~= 

< 1) HPi51!xtr!WJ-I1£, *ffl~~Wl ~•mMJk 

:S:J:V!~tlJr~EJf~i¥JJ ~J:V!~tl~*~&Ao Jt~;fnJWf 

~#~0A:rmM~*·~~~.rmit~~0A:Flf 

. 25 . 
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II 

~~rm 7.K:I.::Ifl::k o 

c2 > 11t m B9 ~Jtrm 7.K:I.:J:m ~tl :1fr!!j ~~tl {I[ #I 
tt!gtllti!HiiQ,J\, it~~~ -0-S-t!j Jt~{l[:lfl~~n, ffi 
-tf!{l(~~~{i[B9 55.69%o 

(3){i[~~B:~B9~ ,xt-T*f)EB9It'IHfl5L, I 
;fj:lt!t19Ub.KX:l'if!mt~f4Jt.:ff!f.f~·l1:;fll~~·l1:, il 

~*•~~~~~~~~ma9~*.m§$~x 
~::k~0iAB9it~:1fr! .:ff~,~~~,~~f:l:I;fjg~ 

~:lt!:-tl7%wrm 7.K:I.:J:m~tl :117* o 

~~)Cft,t 

[1]§~. :X~#. :kffi~~:li?iJJ<JYi~~~iKt~Ht{?HJr 

[JJ. HIW, 2010(6):90-92 .. 

[ 2 J#-ffl'&p, '$f!J1jl-, ¥1Hr:fffi!. j[~~?~Utf!.IR~:li?i71< 
JYi~:1J~1i1f1l[J]. ~;p-JJ~~IW~fiL 2008, 27(7): 

1469-1476 . 

. 26. 

[3 BlEiilffi, ~~~, .:EI!fE-ft. ft~O#J~:li?iJJ<itit• 
[J]. HIW, 2008, 2008(5):121-123. 

[4]l[Jt'/itllii, *'i<!t, ~ !511:. *~~:li=~~WIJ~~* 
~li$'1Wtm7MHJT[JJ. B!~IW, 2010(5):59-61. 

[5J$~Ht. ~~~:k. **::t .~. ir~lm~*Mil-ffif!U 
Mt-I-IW1i1f11i'J1Utli1Iffl[JJ. ~;p-JJ~~IW~flt. 2010, 29 

(2):281-288. 

[6J:1J~$. £Jg, f!?l~. Jtlillfi~t'kB!:PJZwm:li?mJJ< 

itJYi~.&?mll<~r&[J]. HIW, 2010(1):197-199. 

[7Jri1Hf!f~. Jt~. #It~. ~:li?ill<JK~IW~r&X>t~ 

.&IWfi!f:OO!it1t1i1f1l[J]. B!~IW, 2008(5):42-44. 

[8]IB#!J~. !1~$ • .:£~~- m:li?m7J<itJYi~IW1i1f1l 

[JJ. 7J<f!J~~:tliiW~;Ji. 2001, 5(3):75-77. 

[9]~~4*. ;fm~4*. ~1JIL11. ~r~~*0B!~~~:li 

JJ<)C:I:!f!.lW:ib~~tmJJ<itJYi~~ [J]. ~;fiiJ~~IW~;Ji, 

2005 ( A02) :5531-5542. 
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20171¥~2jtij 

¥T-~:7C~*fia9 wdlt±if!r& q:~01m 
3tiM ~~i!J!ift 

1£ W=l ~ 
<I*~XJI:fs!I\~Ji&Ut:&F1l~JN:ffi-:fl~J!0PJ .lfN 510507) 

flti ~: ~il-56i1i:1BffftJrl*B<J:i2t!OCJJlU!tl~ JlJ ~:l!I!IK -=f~0bl!:lib\!56i~tiE, ~Jffl!fW:JG?HM-'ffftl*~:ll.~'f 
PJ~~·I1:?HIT~F£·11:?t:WB<J JlJ ~:l!I!IK -=f~0bl!Wfft~m!, :#Eilffl~f?tl~1iE?t:W~m!B<JPJ~ft·l1:~f-t$·11:, 1JrJ( 

*JlJIK-=f~0b\!56i~;f-T~{4,rlli~4Jt&J.t~~~~56i:ti:~~h7J<-'F~#I;Jll!~#(fm~tt#:Si:*o 

*i!Wl: JlJ~:l!I!IK;-=f~0b\!;56i1i:~;i-'ffft~m!;!fW:JG?t:W; 

ili1F*·*•wg~~£~~~~~oow~ 
~g~~m~~~~T~~~~~~~~~.~ 

~TwgA~~~~ilifinA~~fflnAoffi~ 

~~~-~~~#~~M.w~~g~~~~~ 

~1i9=t~~-1'&~2t~·[1:5J.t&!Wi~t:$B~nlt 

~ W g~~~£,¢.(XlRJlio 
§Btr. oo5rrxt~~~1ti-f1fr~1iffJl£gBkA 

~x>tmfijif~¥umt~f* * ~i-f1frmiD1 ~~. ~_l[ 
T~~~1t~1frm~f**~~1frn~;oo~~~ 

~~1t1iffJl9=t*tt~£g±~~m•ttc~rr% 

;fJf --~~~1ti-f1fr --~~-t&tuiiYJII --~~-t&tui~ 
~41-nOO[l]o {.E!.~11t~Jil.i-f1frn~Eiw~~g~ 

~~~ftt,:i1!~~~~~•·11:ifliflft~.~~~f!WtEw 

~~gT~~~~~~~1tw*o*X£r~~ 

%:fJT~1fr~~_lLill~~gT~~~~~~1t~1fr 

miD1.~••••~1Wi·~~1frw~~gT~~ 
~~~~~1to 

1 3til~~i!j!f1t:1J)!I¥J~:ijX 

1.1 3til~~i!!!f1tn5ti2Uxmun1J 

m~ifli*~~~1iffJl~~.w~~gT~~ 
~~~g(1ti-f1frn~z~JJll:ilflj~rW-Y!U[2]: 

t)f4~·11:o i-f1frn~~~--~&~w~~g 

T~~~g(1t~*19t 'f*~~~g(1t~Pjlij ~ ~ ~ 

~$:;c* '~iiEi-f1frif;fj~f4~-&trJI!•f1: 'i-f11r~* 
~PJ#·I1:, ~xW:11:5JPJ wr·11: o 

2)PJltfF•Iio iSf{fj-fi~1ifBf*iSf{fJ-if;m-w~PJ 

fi, ~~$:MtJ®i$r'lf!Jfl~HIHr£fiL~iiE~5Ji-f1fr 
~£~JJcm~~~Jvtc i-f1frif;fjfma)j~Btfi --~fFm 

i£o 
3)~~·11:o i-f1frn~JJll5Jw~~gT~~~ 

~m:~w:;c* .1~ili:i1!~~1t7Jc1JZ~llfD-w~~. ~ 

w~~gT~~~~~rJI!Ei~w~~PJ#~m~ 

Eift<mo 
4)PJtt·l1:o i-f1frn~~~x>tw~~gT~~~ 

~1t:lt!J-Tf4~-&trJI! ttt!t '# ){;j:i]!~~1t~fi7j( 1JZ 
#t(ili i-f#tl 0 

1.2 3til~~i!!!f1tn5t~~~ 

w~~g T~~~~~g(1tf** 9=t~ntnJ~~ 

g(1t~~~#~~2t.#H~~1fr~~~m~xt 

Bli~~1frm~~W1frM;fj9=tU~B-~£#tt, 

~nit ~i-f1fr~*~ifli~·I1:~ II!i MC•f1:_t 1~Xlibi'J~ 
*o~~~kAw~~gT~~~~~g(1t~1fr~ 

MAftili~.z--#·M-tEw~~gT~~ 

~~~g(1t~11r~*.XM$xtw~~gT~~ 

~~~g(1t*1Jl-fFili~f*#~W~~~1frn 
~0[3-5] 

§1Wifli*~~<frx>t~IPJi-f1frmtjm~£#·11: 

±~~M~·I1:~ tt:lttfiW ._5d:rJI!:ltt1-T% :fJT1ifFJl , 
{E!.~~;Jf~~~-~&~ilimtjf'Ei]~£#o ~~* 

x~ili~m~~%:fJfmiD!xtw~~gT~~~~ 

~g(1t:ltt1-Ti-f1fr, ;ltftg~: ~~%:fJT:JCwx>t W-~it 

mtj~m:~tt1-Txt~tt5d:rJI!, ~i-f1fl-M;fj 9=t , ~w 
~~~~~w11rm~-~~-mt~~~~-m 

. 27 . 
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~. M.rmf¥YEif11tmli~~ma<J:JG~·I1:; ~:JG?ttJTm 

~ 9=t Et<Jif11tmli~H::~:ff~·I1:Et<Jffi1DI** Et<J:JG~, 
·!irM 1tT ~ fH¥tk:f£~1tfF JWF ~-1' :;fffi ~ Et<J lP-:rJr m 
li~EJT &J!~ Et<J 1s!M*·I1: f'iiJ JJI o 

2 ~ jC~'Jfi!j!fft~ 

2.1 ~:7Cm~~HI{]~*JI~ 
1 )~5G9£1!$[6] 

~5G.IlPH::mrn¥~N,¥~~~C~lk4Hf 

~a<JS:-m:x FJTfiJmta<J.=:::JGm, icfFCN, c ,x) o 

tr¥~ No~:ff n -1'~~ C~, C2, ···C., ~~.Z,., Jt. 
ffilllla<Jmti:it{i[JJ!tlicfFXz,x2, ···X., W:¥~1tJ~::tJ 

n fl~:JG , JJ!tl ~:JG9£1!$ 

~m~~-m:Et<J-~:it-m:moo~~~ftW:it-m: 

m oo. ~ R ?tmtf&•~~:JG9£1!$~1l~~:JG9£1!$ 2 

~0 

trictift¥~ ::tJ Noj, JJ!tl~Jt.*'~ C Et<JU[~x;lji 

:;t]~~~ 'JJ!tl f&-~~5G9£1!$ 
NO j cl X Ojl NO } cl <aOjl•bOjl > 

c2 x 0j2 c2 < a 0j2, b 0j2 > 

,i=j=1 ,2 ...... no Cl) 

tric 1fif11t ¥~No Et<J *'~:It{![ Et<J ~1* ::tJ P, 
JJ!tl~Jt.~~ c Et<JU[~x;,;:;tJl)~ 'JJ!tll3~~5G9£1!$ 

2)*1f*pj§~ 

f£ ~:JG?t tJTm~ 9=t , *If* PJ9 ~H::JlHIE~lR ~ 

~:JGEt<J:it-m:*-m:::tJ~~~-~x~.~:JGEJT~it 
~ >J( Et<J~J}t 0 

~ m lK f'BJ Et<J m tt:M: 0 A , ~ :S: {![ lK f'BJ C aoji, 

hoji) a<Jma~)(::tJ 

d = IXOjil = lbO ji - aO jil (3) 

JJ!tl;!jt~x;¥Jj (aoji, boji) Ef<J]lg~:;t) 

p(X" X 0Ji ) = IX1 - (a0Ji +b0Ji ) / 21- (b0Ji - a0Ji ) / 2 ( 4) 

• 28 • 

K/ XJ= {- p(X,, X 0p) l d X ,E X op 
p(X,,X0p )l(p( X,, X P;) - p(X,, X 0F )) X , "' X 0j, (5) 

A 9=t p (x;, x;,i) ::tJ x; ¥IJ :it{![ lK f'BJ C api, bpi) Et<J RE 
~0 

3)~~~:m: 

:ft~~if1ft:l1~9=t .¥~~~~[§~ C;:Xt¥ 
~*:5l Et<J ~ nri!J:m:~~J}t:;f Fit] , :ft?t fiT 9='~ ~7 ~ 

~~ 123 ~ C;:;f Fit] Et<J~:m: 0 ~ {![ W; Et<J ~-1tJ i~Ht~ 
?'J(JtfJTt'!, ~*i'i'IJ1!ft'!~Jrt'!~~o [7-9] 

2.2 il!!ffl'fl~ W~:liiJ ~ 

1fif¥~ No*r~¥Jlj Et<l*If*)}t 
n 

K JCNol = :L m,K 1(X.) 
i= l 

A 9=': K;u(Ml)::tJ1fif1ft¥~ No*T~¥Jljo Ef<J * 
lf*J}t, J~n:mx;ucMJJ= max K;cMll, JJ!tl1tJ~tl~1fif11t¥~ 
No~ rif1ft~¥Jljoo 

1) ~Ki<N,) > 1 at, if1fr¥~Mtl:i~>J(~~, li~ 
Ul~*' Jt.Jf2ttf jJ~*o 

2) ~ o~Kj(N,) ~1 at, if11t¥~~1tli~ftxt~ 
~>J(Et<J~JJt, li~-m:~*, m!H~ilili~ttxt~Et<J~ 

~0 

3)~-1~j(N0 ) < Q~, if11t¥~:;f~itli~ftxt 

~~*, {E!.~-iH~tt::tJ~ftxt~Et<J~flj: o 

4)~Kj(N,)< -1 at, if11t¥~:;f~itli~ftxt~ 
~>J(, liX:;fJt.-1iH~tt::tJli~ftxt~Et<J~14 o 

tt:M:1fW11r¥~ME!<JW11r¥JJ.m~:S:~~{l[ 

l , ~ ~tlJJtlif11t xt~ ilia rP1 ;!lt-if11t~¥JJ. Et<J~JJt , :ff 
11 

L }·KJCNo) 
/ ~j=I __ 

I K J(No) 
j= I 

K J(N, ) -minKJ(N,) 

maxKJ(N,) -minKJ(N,) 

2.3 ~~ili!ffl'fl~ 

(6) 

~W11r:xt~:tr~-i'W11rm~~.11T~m~?t 

~:liHf~¥JJ.if1fr[wJ o ~1jif1ftmfi~ § ;5l Ef<J*'~, 

1tJ~~~if11tmli~?t:;tJ n ~, NP C={C1, C2, ···, 

C.}; tr4lf-i'mli~r~ C,;ff:ft m -1'-Tmli~, JJ!UicfF 



_jl 

C,={CiJ, Ci2, ···, Cim}o ;!t9=', C~.~!Jltl~VF~ i~mtij 
9=' 89~ k 1--=r-mt~ 0 

~-~~%~~~~~~~~~n~~~ili 

#•*~W~m~r~~W~~~9='~~~£o 
#flii&tJf~ i~i-f~mtij89~£icf'F a; ( i=l ,2' ... ' 

n); IP]~J!!!..~~i~9='89~k1--TE5!~89~£ic 

f'Fa;k ( k=l ,2,···,m)o 

%JJUX>f-T *ME CdzHrfJ1~i-f~, f.fi-f¥4Wl No 
xtr-T*ME ci.*r~~j 89-*II*fl 

m 

~IEaa~~_1!1ZiiH~~#A:18t~3'6m1(~~njl!jf51~f'F~ 

*~{!Emtj89-=fmtj~ c.89-Tmtj, ep c.={Ca, 
c.2, ···,c. .. }, rmaa~~_1!1ZiiH~~#A:18t~x5m1(~~njl!j 
E51~~~·-~~f'F-Tm~89~{!E•mx. 
x;, ··· ,x; .. o ~Yr .Bll~m~i-f~0Jml!i:JG89~~ 
·tljt£, xtif~mt~f** 1*1 89-Tmtij:fJo ~* * 0 [15-16] 

Ef:J r A1*89if~mtij1Q *1f•l1:mt/FIPJ 89~·11: 
m~~~•m~.~~w~m~~~89~~A1f 

-~89~~·f1:o f51Jlt,~~if~~~89~tl%flij1Ji 

mfl!ij~ .~if~ga*·~'~%~41-~~.:tm~ 1 
(7) ~~0 

KiJ(No) = L G;kK/X;k ) 
k = l 

n 

K J(No) = 'L, a ;K y(No) 
;= I (8) 

:tlo*xtr Ci m :r.t < 6)#• ili 89~JJU~I~{!E 
-~j*, !Jltl¥4WJ No89~JJU~1i~{!Em 

/ ' = f aJ 
i=l (9) 

!Jltlj**f;J\~f~if~¥4WJ No 89~JJU~1i~{!Em, 

i**mfflr~UJJUiliartJ~-if~~~89W1~to :tlUio = 

2 ,j**= 2.8 ~~No it ri-f~~~ 2 ~, 13. ili6 rt1 r~ 
3~o 

3 w~~~T~~~~~~~w~~~ 

3.1 i!J!ffl'Jmfi~j[; 

~njl!j JlJilftJ!!!.JK -=f~0B*3t5m1(~~q.:y7]( .V.89 
tt*m~#~~*&~.~Txt;ttx5m~~~h 

7.k .V.:IZI:h tt~i¥~ • ~ mt ~XXJ 1* * ~u %~;;&-T1-i-f 
~mt-13!:1Ji:JG, if~B*-13!:1Ji:JG~U%89£;;$:1*!Jltl~: i-f 
~1Ji:JGB*.J3!:~flt£11itliE 1 kmie:t=l ,t~~·tljt£/FBlZ 

MHi 2 km; if~ lJi :JGJm-13!:~i7:R.C§: m r 1i~-13!:::flt; 

IPJ-::fltrmaa~mt-13!:BlZ•%iEIPJ-1-W~l!i:JGI*J; 

IPJ-::flt•••mmt-13!:BlZ•%iEIPJ-1-W~l!i:JG 
I*J; IPJ-1-if~ lji:JGJm-13!:JmfY!tlf$1K~Il£ll~*;f§ 
s [11-14] 
JHJ 0 

3.2 ¥T- RJtm·I1~Hfiti{Ji!J!{1J'~~ 
1 )~~if~mtij~~~~tl% 
~-w~Jt!!.JK-T~0mtx~~~w~m~1* 

*·~~~Bllmoottw~m~•~m•~m~m 
mt~m.f'F~~M!IWJ:JGm~89~{!Em~~c.o~ 

2 

3 

4 

~~1(~11< v-:!lf, ~~•ttar~I!Jfol~·~!tSE 
11\, *itcF!i~lt~~ 

~~=t(~JJ< v-!tSE:!If' ~~-ttc!WI!J~·~ 
1j\, *itcF!i~lt!tSE~ 

* ¥~1(~7J<v--JR. I!Jfol~~~-ttc.•ttc 
F!i~ft-!N: 

~ ¥~1(~71< v-!tSE~ '~~-ttciWI!Jfol~·~!gt *, *McF!i~ft!tJE!i 
£rPJ~~·I1:89 w~Jt!!.JK -T~0mtx5m1(~i-f~m 

tjf**:tlo~2~~0 ~*mtijf{m~u%~/FIPJ89 

JK 1'aJ , ~ 2 mwi*J 89~f(ep ~;f§Bllmtj~~ --r 89m 
tjJKI'aJ o :tlo :~2 9='-Tmtj!mliH~-*~cll,:tlo~m 
Js!tm:~*. ~i!it#~J.t~ 4o kmlh at. rm aa€t%:&VJ\ 
-*~:!OC-~65 m, IP]at~mlmaa€t%-*~xtq-r$~ 

~89~~wfl.~m;tt:IOCmm:m~wJK0Jm891E 

liH€t%-*~~U%~ [500, 300] ~ [300, 150] ~ [150, 
65]~[65,0] ll91-~~o ~{!Eim-~~JOCrxt* 

Mt1(~7Jc .V.t!t:!lf, ~~¥i&89PJ~~·I1:'J\, ¥i&F£ 
Wflt!t~~~·tljt£r89~-mt~f{mo :tlo: ~2 9=' 
~{!ES:mxn£ll~[bn, en J111M I*J o 

2)~~i¥~m~4Wl:JG9;E~ 

~m:r.t<O ~ (2) ~bt*if~mtj c.89%~·tij 
Z£.mmJm~m~m~•~m~~~89•%~~ 
~A~!IWJ:JG9£~R11- R14, ~])t"'iJ~!IWJ:JG9£~Rh; 
ffi maYFm c2mtj~!Mnmtj~~89~tl%ftj}~g~A 
~!IWJ:JG9£~R21- R24, ~])t1J~!IWJ:JG9£~R2Po 

0 29 0 
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~2 ~~~~~~~~~~~~~~~~R~W~m~~-

tlifiT-C -=ftlifiT-C .. 

lm!I!J~¥-~Cu [au, bu) 

8!!£!1!J~¥-~cl2 [ a12, b12) 

I!!I!!£!1!J~¥-~c" [a", b") 

it~ !!£!1!J~K1i: c,, [ a,,, b,,) 

~c. 
W.:lltWOl c" [a", b,,) 

W.:lltKll c,. [a", b,.) 

m~c17 [ a,1, b,1) 

~m!*{lf'C" [a", b") 
~~~llifc,. [a", b,.) 

lt$1tlif flf:t~,gc2, [ a21, b2,) 

~c2 
rtJ~·~c22 [ a22, b22) 

3Vl.~Ji:C2, [ a2,, b23) 

3 )1ifDJ!:: 4HJH~t~e<JtR:i: 
am§~*~~~m•e<J~~m~.1ifDJ!::* 

=~~t~ Ck!WtR:i: aik:&*-~~fi C/fB:Xtrm'i' 
-f**a<J:fRlti:a;o 

4 )1ifDJ!::*ll*ltPJSi~it;lf*lf*1t 
ftlffl:JtC3)-(5), tt7t#xt-r=~i-¥fft~t~ut 

tri-¥*U o it;M:tti ill~it!!IR -T~0M3tji$:3tPJ~~ 
ft~-T*-~5C*-TWfft~~il¥1*1f*1t~ 
(Xik) ;;lt~.-Nutq-T#xt~-~i-¥fft~t~!Wi-¥*tl, 

JA rm~~4 ill ~it!!JR -T~0M3tji$:3t m~~·l1:*r 
iSV:fft~~i IW*lf*ltKj(X) o 

5) 1ifn)E iSf{ft~~ 

•• A ( 7)' ( 8 Ht;M:Kj(No) '~KMNo)= maxKj(No)' 

9!UPJ1ifOJ!::~i-¥~H~JNo#3~-T~~jo,am~ 1, PI*tl 
119Till~it!!IR -T~0Mft¥1'&M PJ~~·I1:e<J~~o 

•• ;J:\;(6), (9)#;if~4~iSf¥~ Noe<J~JJU~ 

:S:*PW:Ul/*, *tlJJUill~it!!IR -T~0M3tji~~
i'&IWPJ~~·f1:iliQ tnJ~-$:3t~~IW~~ o 

amill~it!!IR-T~0M3tji$:3tPJ~~·I1:No* 

-TiSf{ft~~}oa<J #3~~~, ~-ff ill ~Jt!!JR T~0M 
3tji$:3tPJ~~·I1:e<J~M~~, PJiSV:Ji:: :i*i-¥fftM,f3t 
l!i5G~~$:3t' *··~~a<Ji-¥~~~' 1ifn)E~~ 
~xti*i-¥fftM,f3tlJi5GIW/ffi*$:3t123~1¥J~nfiiJuttr 

ut-~e<Ja~~~m.JArm~~i*0Me<J$:3t 

JJ<.fo 

3.3 ¥T-F~·li~HJTtf{]i!J!ffl'~~ 
.!§J£-TPJ~~·I1:*fffl¥1 ill~Jt!!IR -T~~M3t1m. 

$:3ti-¥fft/ffi{P.{, £-T F:i:·11:*~ 1¥1 ill ~it!! IR -T~ 

. 30. 

tlifij~~~J?t 
~{IE::i:{!lX;., 

2 3 4 
[ bu, Cu) [ Cu, du) [ du, eu] Xu 
[ b12, c,2) [ C12, d,2) [ d,, e12J xl2 

[ b" c") [ c", d") [ d", e"] x" 
[ b,,, c,,) [ c,., d,,) [ d,., e,,] x,. 
[ b,,, c") [ c", d") [ d", e,,] x" 
[ b,., c,.) [ c,., d,.) [ d,., e,.J x,. 
[ b11, C11) [ C11, d,7) [ d,, e,1] x,7 
[ b18, C18) [ C18, d") [ d", e"] x,. 
[ b,., c,.) [ c,., d,.) [ d,., e,.] x,. 
[ b21, C21) [ C2h d21) [ d2, e2,] x2, 
[ b22, c22) [ C22, d22) [ d22, e22J X22 
[ b23, c2,) [ c2, d23) [ d2, e23] x2, 

0M3tji$:3ti-¥fft~jiMF:i:·f1:i-¥fft~t~J!Jff1J nX; 

e<Ji-¥fftf**, ~m~5G*~m~£;zis:J11H~xt m~ 
i-¥fft!W0Ml!i5Gutq-T~-ffi-¥fft o 

1 )1ifDJI::m~t-r:fft~t~~~~ 

amill~it!!IR-T~0M~nfiiJI2SI~xtn:$$:3t 

m~l¥1*~~3tji$:3t¥~&~ml¥1~~.#~1f 

~~/ffi*xWtt[l?-20], ~~/ffime<JF:m·l1:i-¥fft~t~ 

~fF~ ill ~it!!IR -T~0M3tji$:3tF:i:·f1:i-¥fft~ 
t~f**, :tm~ 3 J!Jfl.K o 

~3 ¥~Fm:·ti~~~~~~~~~~~ 

:ti:~i!l!~m~~• 

mz.-r, -rm;t,-r,c .. m;t,T>I'f<J~~tl::St 

2 3 4 

t?~%* [au, bn) [bn, en) [en, dn) [dn, en] 
$C" c, 
t?~H 
~~c32 

[a.,, b.,) [b.,, c.,) [c.,, d.,) [d.,, e.,] 

c. ~l!i:ltl 
[a21, b2,) [b,,, c2,) [c21, d2,) [d21, e2,] 

:!lite .. 

!f.f{i£:1: 
-m:x .. 

x" 

x, 

x., 

2 )f1JJ!!i-¥fftm~~5G9;1!~ 

#~3tji$:3t~-G~:&mM~f1J~~5 

~, *JJUf1JJ!!~£JIIt.~~5G9;1!~~"'P~~5G9;1!~ o 
3 )1ifn)E *~~t~e<JtR:i: 

am§~*fff~.~-ffJ!JTWfftill~it!!IR-T~ 

0MIW~~·rf~, utq-T*~~iSV:fft~t~e<JtR:i:Ul 
}fjfo 

4 )1ifDJ!::*lf*1tPJ§~it;lf*lf*1t 

a1i:Jt(3)-(5), it•*=~~t~cik;tt/ffixtr 
*iffft~~~*lf*ltKj(xik) o am:r.tC7), C8), tt 
;ifill~it!!IR -T~0M3tji$:3tF:i:·l1:*ri-¥fft~ 

IL 
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#}kj 1¥1-*~flKj(X.) 0 

5 )fJfD)Eif1fl"~#}1 
:tfKMNo)= maxKj(No), JJ!tlPffJfD)E~if$~ No#3~ 

T~fJkjo, ~P,~~ 1, ~tlltJTilJ~Jt!!JK -=f~0Jm3tJi 
$i&~~F£·11:~fl1, !HI&:rl:: C 6), C 9 Ht~1~~if 
$~ No i¥Jfl1JJtl:!t:lt!if~ {I[ f*, ~tlltJT ilJ ~Jt!! IK -T~ 
0Jm3tJi$i&JIE£•[1:~rnJ~-g(~~fJII¥J~~o 

~:II ilJ ~Jt!!IK -T~01m3tJig(~F£·11: No-* 

-rw1fl"~fl1~Et<Ja~~fl1~*~rm~~~a~ 
Et<Jif#]k~#}k jo, ~~if~tl~if1fl"Jm~~:lG~Ng(~, 

~~w~N••~~3tJ~g(~~w~~Et<Ja•. 

~g(~a•Et<Jnrn1~m~m~*:li~m~o 

4 &.m~'f§~ 

4.1 ~fjt~/Jt 

*:!iilJIK-T~0imi¥J3tJi$i&~~.~*OO 

ll! c2o6 r- * ~ ~ r -m fit IDt t-t CK221o + 
926-K2211 +260)im~, £,¢,(Jlt1-T£-TF£•11::frfff 
Et<J~Jig(~W1fl"o~im~Et<J~~m~Et<J~rr~$ 

:fUl~4~ZKo 

;&4 G206~9f~~t-.l"K2210+926-K2211+260~$j!jl!f~~i9:lt~/l 

0BM~#Jt 
ia:itJtlt 

.!mlli~lt!m tM~~lt/m I (kmxh-1
) 

#Jt0Jm 60 12 12 

:ft:XW-W% :ftlj\:fll[*!m I!!I~~H!J~:ft 8~~H!J~:ft 
Jj\*~/m Jj\*~/m 

6 160 1 567.4 1 700 

K2210+926-K2211+260Jm~Jm-PJ!tlrff~~:ff A 

fJI~%~1?~, #litE K2211 +200 5l.!:~ S120% ,lVt 

T~~V(r:J .rff~£;2js:_t~:I;P;nlm~o 

u ~~F~tt~~~ilJ~~-*~~~~~ 

i!J!ffl' 
1 )flfD)Eif1fl"mt"F~~fl1 
~:li(K2210+926-K2211+260)Jm~Et<J~itt'F 

$~~1~Mft5L, FitJat~P.~XJ¥ilt[20-21 JfJfD)EF£·11: 
i-¥1fl"mt"Ff** ~1ltxti-¥1fl"mt~:ilt1-T ~f*Et<J~fl1~tl 
?t.~~{l[Et<J:Jt{l[l¥1~*~~*~-r~m-fl1Et<J 

if1fl"{l[, Jt 9=' ~ ~~m ~fl1xt ~ 1¥1 ~~fl13 0 :!ln ~ 5 
~lKo 

;& 5 LiJ I& TtH~~~ii~~F~·t1Wf1HI!i~i*~ 

-#& 1m. ____ 1'1f___..:flJ\_'~___..:~_:::._#&___:_:ttJ:.:..::?t ___ !M'tiE 
-{b-!,0"" =!llt1'!f;f,j 
1El'Vl\ 1 2 3 4 :i:{ll 

1P~5G* .$C" [ 100,90) [ 90,80) [ 80,60) [ 60,0] 85 

c, tp~liJj:Jt 
~#&C" [ 10,7.5) [ 7.5,5) [ 5,2.5) [ 2.5,0] 6 

.llH!i:lil#! c, c [ 0,8) [ 8,15) [ 15,30) [ 30,50] 10 
41 

2) #J:iiH-¥1fl"m~ ~5G9a!~ 
~:li:rl::C2), C3 )~~if1fl"mt~?tfl1·1fre, ~xt 

mt'F C3,C4#J~~if~jG9;i!IJ$Ro Jt9=', ~xt3tJi 
g(~J(~ c3mt'F~Et<J~:lG9a!~:ff = 

¥-H!J~:ft /fia:Ml~:ftlj\ 
~$~1®m 

1]\*~/m ljl-H!J~*Wm 

75 170 1 500 

Ja:rr$mfilf~ 
:til!~ 7;/J lll!-m::bo Jt :X,r:f~ 

It Ja:rr#t7-'<!YY!-* 
0Jm-I#Jt 0.05,0.10 1/100 

R3l = [1 
c31 [1 00, 90)] 

c32 [10,7. 5) 

R32 = [2 
c31 [90,80)] 

c32 [7.5,5) 

R33 = [3 
c31 [80,60)] 

c32 [5, 2.5) 

R34 = [ 4 
c31 [60,0]] 

c 32 [2.5, 0] 

R 3 =[1 ~ 4 C31 [1oo,o]J 
p c32 [10,0J 

FitJ;FJJ!, ~~ll!Jmga#J c4mt'F~~PT#Jmt_t~ 
%:rl::i¥Jf~JI!.~~:lG9ii!IJ$R41- R44~btlJ~~jG9;1! 

~R4po 

3 )fJfD)E ~fl111U~Et<Jttm: 
~:li~~:frfff~~llt1ft~I~tE3tJi$i&9=' 

m:w~J1t. #Ji:tt~-*rr~5l.!:;Fll!. !l!lit-T~~~mt~ 

~ ~ 1¥J f.R£ o (K2210+926-K2211 + 260) Jm~3tJi 
g(~Fm:tt=fl1W1fl"m~1ft~~·-~Et<Jttm: 

~ 0.401 6, tF~~j]!~#}k C3zi¥Jf.R£~ 0.598 4 0 

FitJ ;Fll!, rr~ ilJ IK -T~0 lm~Jig(~F£ ·11:if 
1fl"-fl1mt'Fll!Im~~ c3Et<Jttm:~ o.598 4, ll!Jmga 
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~Ci¥Jt.R:i::;,k)0.4016o 

4 )~~*If*JJtPJ§~tt~*If*JJt 
tt~ ili**ftLEmli'F cFJr1!1 * 1¥1*-Tmli'F ckJt 

~ xt r *if ffl-~ ~ 1¥1 *If* 1Jt Kj (Xik) , W t!HI :rt 
(7), (8) :l1H-T~if*If*JJt 1¥1 5d:JJE, it~ ili ~ J11 
G206(K2210+926-K2211+260)i&~3t~1(3tJE:i: 

ttWffl-m~*If*JJt~*6Flf~o~:**~* 
oAo3s :;,k)ifffl-i&~=~mti c3,xtr 1 ~if~~~ 
I¥1*If*1Jt; 1.2647 :;,k)ifffl-i&~Flf:ffifffl-mli'Fxtr 2 
~ifffl-~~a<J~if*If*JJt 0 

;&6 i!j!'f1l'J!& rut~il ~ ~ rn::m·tiWi1l'~li~ 
j'iji!j!'f11'~~ (l{J *ll*ll 

~~j 
-r~ f~{IE tzli ffJX>tri'fffr~~B9*11Mt 
~j :1:{1[ 1 2 3 4 

c" 80 0.2403 0.4035 -0.1940 -1.4000 -3.8571 c, c, 6 0.3581 1.1818 -0.3000 -0.8462 -7.0000 

c. c., 10 0.4016 -0.6667 1.0714 -0.8182 -1.4444 

~-fl-_'klf)C}}t -1.139 1.2647 0.0745 0.4464 

~*6 1¥Jga*,1tA:rt(6), (9)it~q~l:fj*~ 
mli'Fa<J*ftLE-m:, =~mli'F c3~-.c32-.c4, a<J~tLE-m:/?t 
JJU:;,k) 1.83, 1.90, 1.96, -~mli'F C3-.C41¥J~{[E{l[j**?t 
JJU:;,k) 1.87, 1.96o 

S)~~ifff}-~~ 

EE * 6 PI~ , K2(No)=max KicNo)= 1.2647, EE * 1 PI 
q~ili ~J11 c2o6 1*~ ~?mt~~.ffi&~<K2210+ 
926-K2211 +26o )~rJE:t:·f1:?t;fffa<J w JK .:::P~0i& 
5t~1(3tifffl-~~_:;,kj 2~, 5t~1(3t·11:5d:r" flt"~ 

~0 :f:JU.w-~m:f:ic3,c4ra<Jtt~ga*<L87,1.96) 

Piq~,ifffl-i&~(K2210+926-K2211+260)~TfE 

:1: ·11: ?t ;fJf 1¥1 J.lJ JK .:::P~ 0 i&3t~ 1( 3t 5d: r " Ilt "~ 
~.# li1!fwtrn1r"ft" o iifffl-ga*~~J11c2o6) 
*~~?mt~~.ff<K2210+926-K2211+26o)i&~ 

a<J~!Ji·twre~~, iJEI!ijT Flf:@m~a<JiE~·I1:o 

~M?t ;fJf 3t~$:3tifffl- 1¥1 ~* i*JJ!U ~ J.lJ Jilt it!! 
JK .:::P~0i&:lt!!%, J11i&~t!Ext3t~$:3ta<J~ njl!j , ~ 

*~~?t;fff~~_:;,kjJ.lJJ!It:lt!!JK.:::P~0i&3t~$:3ta<J 

Wffl-fi~o~T~~?t;fJTWffl-~:@~J.lJJ!It:lt!!JK.:::P 

~0 i&5t~$:3tifffl-mrur , xtifffl-mrur a<J mli'Ff* 
*~tR:i:*fift~.~:@~rPifttt~JE:t:tt?t 
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~~-~HE--W$~NE~m~~-~~~~ 

*12,:tm* l-_*3FlT7Ro 

Jt9=r :m- FJT'fi-~HE(m); 

R -I*J$J1!9=t~6£t~~~*12(m); 

s- ;J\~$~~$~if§M1¥$flNE(m); 
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~1 ~llhti${£itWm 

Nit tr:fmtlNIH~ 9=t :9c?tl% -ff$ IEHII~* 
JMJJt c{t 'IW~ll 'IWtitl'ftHE ~He ~tr~{t 

(km/h) (m) (m) (m) (m) (m) 
120 0.5 0.75 2.45 210 2250 

100 0.25 0.75 2.2 160 1455 

m!JEi&Bt~Jl120km/h,lOO kmlhx>JJ.lll~$1W. 

m210 m,16o m:~HttrNfmrlmliH~-*"1£:tm~ 1 Nr 
m, {0JmJm~iliti-t~JIH'i~JJTG D20-2006J;!t~i¥J
R{l[: iliti-t~Jt 120 kmlh 1m aa ~:ltifJ\-*-1:2.-JNJ~ 
1000m,tlU!i{i[650m;iliti-t~JllOO kmlh lmaa~:~Jl 
Jj\-*"1:£.-iH~ 700m, flHJi{l[ 400m; mrf!W JE ~$1W. 
ml¥1 rm aa~-*1:2. tt rm aa~:ltifJ\-*t£.7i!tm: {l[~>J(rw; 
qJi~o 

0.5 0.75 2.45 1000 142 
120 

0.5 0.75 2.45 650 115 

0.25 0.75 2.2 700 114 
100 

0.25 0.75 2.2 400 84 

~.mm:1i!t~l¥1~$mmi¥11Nilit~ftt1'1 = c 1 )m,¢,( 
§tj1'Jfitll:::lf'ZSIJ~ffi:; C2)$Wil'aJm::lf',J\~~*m 

mo~~~1Nilit~#~!Wi~0Jm#ili~~%~1!f 

~-q-T$MC i*J1!Jltl$M)i¥J-JN:1'1~ZSIJ~$mi~lk 

~*•*m•~~Jt-•l¥1*~~*fi~.~~ 
~-~I¥JUJ!Jmjij, ~$1W.m-RqJi?if~mlJE, 1'1 T 
1~EJr$1W.mt7flffl!.fi$£iifm.±~~t~lk~~:EJt 

~~ ~8f£UJ!Jm jij __t 1¥1 $Wi, 5'HY!tl $Mfflml JE ~ 
$1W.m*f~HIHr$g(~~~:mi¥J o 

~~~*~$Ji!t~.!Wi~0Jm#~~~%~ 

11f~-q-T$MCI*J1!J!tl$M)±~fi~'J\~$o 

l/4f1W.,¢,( § tjilitfl1'1~ZSIJ$mi 'fli$1Wi~ll 'lW 
${f£~1t, !Wi~lti¥Jfri$:tln~:EJt1W$~1t{f£, im:it 
ttlZSIJJ/4ffri$!*{f£~1W$~~1¥J~Jtat .fli$~x>t 

1W$fi~~¥Jm~~)'(1'JZSIJ~i!J!JZS~Jt:!tms~, m ~r 
~tl5%~1ln~t = CD&matra.J c&m~l'aJ t=2.s t'P) I*Jm 
$~Xif1W$1¥Jfi~He~L1;(2)Jri$!*~1W$q-T~ 

~It~ fri$i!JIJZS!Jfi~m~ La; ®fri$1*~-ru-*q-r 

~~Jta>J1W$fi~m~ Lo ZSIJ~i!JIJZSIJ1W.m~ ~1!r 

1¥1**1'1= 
S~=L1+L-L3 

V -V 
L = Fo liiJ x t 

1 
3.6 

( v Fo )' ( v1r )' 
L _ 3.6 3.6 
2- 2gf 

~ = v,, X VFo -v,, 
3.6 gf 

g -ll!.:iJ:bOJ!J3t, !& 9. 8m/ s2
; 

f-VArP1~1lli.*~ 
$M~m-JN:~~~$1W.mi¥J~~MN::If'~.M ::lf'~1Wfri$~fi~JlNfmri¥JZSIJ~MZS!Jt:!tm~ 

ffi~n~tJtJ~$mm*~Mfi$g(~~m::lf'JEo~ ~3ZSIJ~MZS!JmmH•~= 
~3 Mi'511itlM~~~itW~ 

titrJMJJt 
(km/h) 

120 

100 

Jli$h:§tJMJJt v Fo 

(km/h) 

120 
120 
120 
120 
120 
120 
100 
100 
100 
100 
100 

1W$h:§tJMJJt v fri L,(m) 
(km/h) 

50 48.6 
40 55.6 
30 62.5 
20 69.4 
10 76.4 
0 83.3 

40 41.7 
30 48.6 
20 55.6 
10 62.5 
0 69.4 

E1:J ~ 2, ~ 3 PI~ , IS!i~ 120kmlh Jm~, Ji!t1l1~J\1 
~I¥Jimaa~tlk~li:li'J\-*1:2.R=65om,Nrff~1Nd~I¥11W. 

L,(m) L,(m) ;JJ~$JJ;JJ~ xtEiZIEHII~*~ 
iES.u(m) R(m) 

161.5 95.0 115 663 
173.8 86.9 142 1014 
183.3 73.3 172 1487 
190.1 54.3 205 2105 
194.1 29.9 241 2896 
195.5 0.0 279 3887 
110.2 63.0 89 395 
119.4 55.1 113 637 
126.0 42.0 140 974 
129.9 23.6 169 1425 
131.2 0.00 201 2013 

ms=115m, ~1W$~fi~Jl1'150kmlhNf$1¥JZSIJ~ 
i!JIJZS!Jmm 115m-~; ~li~ wokmlh!m~.~.mm:~.m~ 
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ft~B9*~~$;ff~~~-;ff$:f1t__to 

£jftit $:11i~, $iJjJgfi~~5fll f'SJie, ;fiUi!ZSfJ~ 
ifliJZ9J~iEB9?tfJT~=* '~i)( 120kmlhjgfiJ*Jjtlji[P] 
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~ttll9JmiE*tl11lH-T$1(3t·!i. ZSb~ifliJZSbmiE~ 
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woom,xt$Lmies=142m, 'EJ!Jfff~~#ta9mie-~ 
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h fi~J*Jjt§f$B9l9J~11Jtll9J~S;IJ=113mo 
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ru.-t~?tfJTPI~.PJ~~~•JEZ9J~Ml9Jm 
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~Jt!i t, #JtOO \ ~Jl:JliP 
(Li*~3'61U~-Uif~~'ffi':flfllt*RI .iffl 510507; 2.i*HN.IfiH:fllllt*RI, I #I 511400;) 

• ~=*x~r~mff¥~~~~~~~~~~~Ifi~~~*.~~~~7~Mh~M~~m~h~~ 
B~ .ifffE~l:fi~Jiil.jJmfftiMtmm~~ttqg~hM:tt; ~m~~7DiMJJ~tri.Eim•±B<J•f*·ttl!l\!11£Xj~ 

B<JttlfttUIIJii! ;ti.f'Jffl:fl~~fll: ANsYsiUtt~JPJ~tra<J'fili}iijjJm•±~. Mm~~~-$$tE;~ 
hffofflrlif~Jiilii~M~~~JJt o ilf~*IYl~itHLi!DNl:it~~itli'filiMhtlti!±~B<Jii!ldJJt. ~B<J~h-tl!J! 
:IJil~lJI!o 

~Jiii\1 = BfMhnuta;~:l:; ~-ft~h ;:flti~titA 

1 ~Ill 

§~~M~h~~~~~~~§~~~~h 

~.~~~I~~~ffl}~ofi~~*I~*~ 

Tffi~.iJmMm .~:W:ff?Li!a<Jff~o ?Li!Ek~ 

~~j!]t~a<JIJ¥, .ffi~a<JJi::lt~~n(rffM~.iJ~ 

~j]~·~~o ffilft-TI1:f(ttffl~.lij{~ ,BfJJY..iJ 
5~m~~ili~ffi~~~~~~~~~·o::k:it 

JJJ~~M, Jt li~I!$1f.Wl~i~bfll$7tili&fltii~ 
tJf~.~~Ji::fll'tiJJI~~'iit.FJ1ic 

*x~~~~TBrEY.nma~~m~.iJ~tt 

~'#it~ ili Bt&.JJiiJ&f!~J§~ ~tli:~*-~ft~ 
n*~~;~m~~Tiii!EY.nm$~m•±a<J~ 

~tt~flfM~~ifc~·~fm~~Pij; :JiJ§~Jffl::km! 

;fflllUG~{lf: ANSYS •m~FnJ~lYJ::it r(J(J!ilfJJY.h 
m•±~. ttJt:tli~~~-fn~~ :JJfFfflrl!f~• 
itia<J~j£~~m: .Jttff~tt?t;fJT 0 

2 Bi-~-~~fB~l:i~~ 

~m~(J(]~·~~Iili~:JJm~~~tlf~ 

*~~ft~nfi~~WfFJti~£~~#off~~ 

~~~BrEY.:JJ~~*(J(]~~±~;ff~~noo.m 

-~*~~~(J(JJtJ:A~m~~~~~~~~~. 

~~F:m:~~~~~~~~~.a::k~~~tlf~ 

~iJ A·~fn~~~o $tl~:!!H TfJi~:fJJ:g .mJ Iii 
ff!l!±~-f*·~.~ffffiEY..iJML.~.iJ~1m:MJ~ 

:llk~J~Jta~4m~ .1Jdm:ttt:bntttJf.-~3t.iJ .~~~~ 

«¥ttm:f1 "1/L~tt~fn~.m ~'lftr 0 ~~ 00 pg ~~#I 
~~fn?tt&~?l' ~j\;;-[ll~~~~:fli!Ek~~ 

~Jt:jt~:fm~ 1 MlR o 

A f.& 

Bf.& 

~ 1 :fl.i1Bi.il!l;Jl1ttl~>t 

tl:~~-!!!t~'lr _t~:fl,HHfttSCff!, 
.Eim~~1lti 

iJW('lr _t iflS;fl~~' !g~~~lt'1lf6!11 

ca ~'lf_t=tf!S:fl~~.~-m~filt;MJ1tfA!k 

Df.& ~~_t~x~~.~~~~~~fA!k~F 
li610>~~ 

Jt~, D~Jl. Jifv.,(jj-1g Dl-.02 fU D3 tl, :frjJJ 
~EY.r::k~~ ... ~ilt~~fn~~~~~oCf&fUD 
~~~~a<J)t~1~::ko 

01 f£ 02 f£ 03 f£ 
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3 ~Lmlli~if~Jlta<.JiJ!J* 

*1¥i:k~3tW~~m:!1R:~~ll!MJlxtrft r~ 

:i!0§1t~IW9=t~m~fPJ:k~,~~~~:k~;tn 

~~~~fPJ:km:~-%1Jf~xtff~W~Jl:ltHrT~f* 
iNi1 1!t ~-liE [Z] o ~ 3 I* m: :k tl5 :Jik {E_t -t-ittgC.AfL -t 
1f:1-t~r. *mx~Jm~r!~±, -:w R~WJm~r! 
~±~M!!I::lJY!~:lio iNIJ1!t~:W::tUJ~2EJT7R, PI~ 

~til ' {EfL -T ~-t-iNIJ1!t~ 9=t : 
C1)%~W~Et9 tt191Jtt:ff 39%, rm~:2C*ff 

~) 8-9 tt191JJJ!tl~Wi:it 12%; 
(2)xtm~~~t!lrfl"F:m:~nfi!!Ef9 c,D ~ r5iNIJ 

1!t,bt~EI'938%,£:zis:~rff~%~W~Et9ttf!tlo 

~2 :rLi§ffi~~~Jtif.J~~~~ 

~m~rPJ::k~ 3117 42% 15% 9% 19% 15% 

~t~:Yi!f::k~ 3689 40% 28% 13% 10% 9% 

~~t~¥PJ::k~ 1519 29% 25% 15% 14% 17% 

-fttt 8325 39% 23% 12% 14% 13% 

1-J~A T 1M 1* ~ Jffi.&.JJ r!?Jt± ~!1R:fLlltff 
~m•~re.aru~r--*~*m:*fiTiNI11!toiNI1 
j!t~Jmxtm ~~~i!k:ff F!i~ nfl!j 8-9 D ~ r5iNIJ1!t ,b:, 
~Ef928%o 

~'" -
attrl ,,.. .. tt,.lf 
fll:t:ll :eo·HI< 
IUJ:o 
.tu• .... -

( ~M~fij::h~t~ {i'i:fl{t(7X.f-1~7tl , ~*-fif>::hOOBIJ<ti'BJ~) 
1112 ;!tt::k~rutit=JL11!~{ll~OO 

4 lli~~if~~~•~ma±ma<.~~~ 

fLlltff~:lf'W~xt:m&.JJ r!~±!1R:ft~~ 8-9~ 

. 38. 

nfi!J±~~Jm1:£M-t-:1JOO, ~~~1!f; Txtlffi.&.JJ:in 
Et9~~·*;tn:2~8-9*A~m~~£~~~~~ 
i!k; =::lik~1lf: Tlffi.&.JJ ~ J1!a !Er!~±Et9mf*·l1:, :m 
miJ:in_tEf9iJ:If'M~~~~~~~·9=t.Mrm~ 

11oWiJJ.Et91ftHL~nfi!J~Et95¥:JJ o 
4.1 ffi~~~~>t;J"f~J.!!Z:hi!Xli3Hi~~Pio.l 

m *Y*M!!I Et9lffi.&.JJ r!~±~:m m fLll11r12 
:krlffi.&.JJ:in8-91r12, *tLT:m&.nminm, ~* 
1-T fLllt 8-9 ff~ , 1-ll'~fL:it I*J 8-9:2 ~ ;tn * , i!!tfk.Jffi.m 
JJ:in5¥:~J:2~;tn*Ef9~nfi!Jrm~i!ko :tm:W:ff~m• 

*~. 'lfllt#1:£:2WIT. *;tn:2~~Jil'~:m&.n:inm 
~~~i!klt$1~110 '~i!k1Iti'8Jf£1W 0 

4.1.1 ~1* -ffl ffi. }J 1JxJ &~ ~ ;ff 3lt .. 00 00 ~ 

m~~~i!k.~~~Jil'~m~~Et9:ff~~m 

WfJUJ~;J, .Mrm~;t:l;iJ~'i1:~~r~o siAJffi.&.iJ 
m~~Et9~i!k-*H~A:1-1[3] = 

4W 
TJ = -

Do (1) 

m:m&.nm~~Et9:ff~~mm~Et9H~A: 

1-1: 
A(ry)=(l - ry)Ao (2) 

_t[ij.=A;9=t • !ill jgWJ~~Ef9~i!kii, Do 1-115[ 
:ff~i!kwrm~~Et91r12.~1-Jrst:ff~i!kwrm~~ 
Ef9~[ij[ijf~o 

4.1.2 ~1!k-fflffi.JJ1Jxl&~~MJliUlJt 

~ I*JY~~~11t~Et9~~xt:m&.nm*~i!!tm8-9 

~Jt~m~~~i!k$8-9***fiTMJl.MJl~ 

:W:~oo.:m&.nm~~Et9~~~Jt~~i!ki!k$8-9 

~11orm~·l1:iJHI::o ~ ;J\~[41~8-9~i!kiJt~~OO, ~ 

tf~i!k$~110, m~~ 8-9~ ~Jffi HIB.!ill~{lf;, #Ji 
:i:t:kii~~~-~it@l~3~ili T ~~ftHHIB.!ill~ 
~i!k$Ef9**Ao 

f(ry) = 1668.67 -13.816ry(O < 7J < 6.4) (3) 

A:9=t JC11) 1-J:If'IPJ~i!k$r8-9~ ~ftHHIB.!ill, 

MPao 

4.1.3 ~1*-fflffi.}J i!V;%t.±.?,fE ~ ;bt 'if if<.~}J[SJ 

:m&.nm*~i!!tEJTsi®Et9m~~:ff~~mm 

~~~1\ ;tn~£Jt ~1lf:::likJil'~ ~i!k :m&.n ri?Jt±!1R:tn: 
~*~~~JJ~1lf;Ef9.3=:~W-123 o l±:lf'~m$il'iJt~i!k 
xttn:~74k~U~JJ~nfi!!Ef91Wt£r ,xtr~i!k8-9lffi.&. 
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JJtm~±~, MI&iJml~~a<JOOfR,jJttft5£J3tPJ ?t 
JJU*ffl$!t!RMI&iJml~~:ff~~~OOOOfRfnmfir5£ 

J3tft#o~~(0§mJ$m~±~MmzJJm~± 

:f1ft~r~it~_m7~t~(JTG D62-2004)5.2.2~~_m~, Pitt 
~$!tERMmzJJm~±~m~~~~JJ#•*~ 
jg: 

MP = fcdbx(f1o - ; )+ f' sdA,s(ho - a's)+ 

(j'pd(17 ) - CJ,po)A'P (17 )(ho - a'P) ( 4) 

fcdbx+ f' sd A' s +(f'pd (17)- CJ,po)A'P (17 )= 

fsdAs + fpd(17 )A p(17 ) (5) 

~~~~*~W~(0§mt$m~±~Mmz 

iJtm~±ifJftiN:it~_mm:~(JTG D62-2004) a 

4.2 lli ~ ~w ~~'ff9!m£ n ]EE;JI±~ ~ ~·~~~a{] ~j 
nfoJ[6] 

4.2.1 a*~!&~~ ~i.t-Jt ffi-~llt t 11t1t ~ -JJ llro 
ff~~w~g~m,r~~~m~±~~a<J~~ 

m~~~~~~~~MmzJJm~±~a<J~•* 

Mia tm~±*~~sl®tm~±~W:I&?:!tff~tM~, 
:ff~~~~~~~~-tM~a*~~JJm~~~ 

~~, mu tm~±*~~¥X a<Jtm~±~W:mz?:!tff~tM~ 
t5t::k, tm~±~tl~W:mz?:!t~'J\, ~g~J%1 Jti~~ ili JJ\!. 
~~g~' ~¥X~~g~~-~~ '~·fa]jg~j(o 

~MmzJJm~±~*~~m,~~~a<Jffl• 

tfjt5tJJ\, ~a<J~tlJ3t£*83tm~±~oot£ttl, ff~Jtmt 

-~~~¥Xa<J~oo~~~~m~,~~~~~m 

ff~~ W~xt Jli.f ~ fJaJ;t a<J~ nrfn ~ ::k; ffl~:l:~:bo s 1 

®tm~±*~Fn , MmzJJ ~ a<J ~u J3tm 1-t , ff~:2W~J 
~~w~g:l!!i~*'~#Ja9~UJ3tm~~~B.,~~ 

t§ IPJffl~B1 Jli.f ~ a<JfJa)jt -tfL@t~::k a 

4.2.2 a*-~!& ~xt~a rR ~lt~iR~iJ ~-f.Jllro 
ff~~w~~~:2W~J~¥Xa<JMmzJJm~±~ 

~OOOOfR~Jj\xtJtm~~-iJ Ef<J~Prfn1&'J\ a ±.~ 

~~~~ff~mt~~£~~¥XM~i:7M*fnm• 
±a<J?:!'t%~-Jj}iftfl ,kArmsi®MmzJJtm~±~m~ 

tt~a<J~~offi~MmzJJmr•~m~±~Ef<J~-Jj} 

~1t%~~TJli.f~M~iJml~~a<J1iriJ,~Mm 

m~m~~-~JJ#•0~,MmzJJm~~w:JJ 

1t~JJ9t·~~*Ef<li:7W*~•~oo~m,~~m 
~±~ffga<J~JJ~m~ttk3,~ffg~J;t?:ft 

~,JArm~~MmzJJm~±~a<Jm~~-iJoff 

~:2~~~w~m~*,Jli.f~~oo~mr~~w:JJ 

~~~::k,M~JJm~±~m~~-JJ~~-mJJtJt 

~~B.o 

5 fjlml1J1liJl±~~~~ttlt~~ff 

::km!:ff~&:JCJtf)f~14 ANSYS ff~*ffl~~a<J
:]C,~jt{J]imiJJtm~±~B9*~iJ~t1:ff~o ~~'* 

)CfUffl::km!:ff~&:JC~14 ANSYS~jt{~IP]ff~Jtml~ 

ra<JMmzJJtm~±~,?tJJUit•ili~#J~$fn~r 

JJ~mrJli.f~~ooa<Jmz?:!tfnfJaJ3t ,:itt1-Txft[jJtfJf o 
5.1 ANSYSt~fl),li.t•i~J~ 

5 .1.1 ;ff FttJt:Al ~ ~ ~iL [?] 

~~tm 30m mJJtMI&JJtm~± T~, M11ltl* 
J3t 29.96m, it.Jli.f12 29.20m, ~ ~ 1.60m, M1fl!J~ 
~ 1.20m,tm~±5£Jjt~~7g C50,Jt~, mf~~a<J 

5£J3tli~i'l{i[jg 1860Mpa,~-M~iJ$Ef<J5-lEW:t£11ltl 

l&JJJ! 1395Mpaa 7fUffl::km!:ff~&:JC~14 ANSYSxt 
Jt:itt1-TJ!~?tfJf, tm~±ffl solid65 -:JC~1t{, Ml& 
iJmJ$ffl link8·:JC~jt{o JtiLB<JJLfPJ~m!~OO 4o 

1114 tv!mEJJt~~±~JLfijiflm! 

5.1.2 ~;htli'-J-*-

*ffl-=il.~*M~r!~jt{Jji~JJtm~±~, &P~ 

MI&iJml$fntm~±?tJJUJ!:f~#:JGtl?tiXXl~o :tln* 
fLll!ff~itW~, JJ!U-~Ml&JJ$~tm~±a<J~ ~ 

7Jrtl1il3, rmxt~fLll!xff~Jta<J~, >=t~M~JJ$ 
fnm~±~M~JJ$~r!~7Irtlk*M~,~~7I 

rtJkPJ~~83m~,*~mmr$~m~±~x~ 

~a<J~~aMI&iJmJ~~~m~±~~a<J~~~ 

*ffl combin14·:JC~jt{, Jii1:iftfl1J combin14.:JC 
a<J~tt*~*~mMmzJJ$fnm~±~~a<J~~ 
~~*, kA rm~1t{ff~itmtAxt~ a<J~nrfll[S] 0 :tln oo 5 ER 
~,OO~~~$?tft*Ml&i:1$~m~±~~a<J 

f~~~fflo 
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111s Jjj!JJliJJ$~rm?Jt±zr8J~~m~ 

5.1.3 .>]<.Wf.ii..l. 

*ffl ANSYS 9='89 APDLi(J~i15[JfDJJJt;ffi>Jt 
m, x>ttuil&t1in*fflfJ11&5N!n&:fJotuimzJJ, it•~~ 
¥IJW:T ~1££JJfF.fflr89~%:tm oo 6 FJrlR o 

IE 6 WJ3t~~%00Cilim:mm) 

5.2 llfit~H~~~~*fi 

5 .2.1 )3i~.Jl i ~fffiii. fJ itt~.±. !l. v.; ~-<f. -fJ '* 
~~ff-MA89tuil&JJM·±~.~~89-

$~ :ff fJf ~ ~ o fl~Jt:JG*ti~-_ combinl4 ip. 5G 89 
5i!i·l1:11tr£~ 108 

__ 1010 
__ 1012 --:ff*~~:li#~~. mm 

:li#~ ~ff-MA o :itt A ANSYS >Jtfnlf:H, )t;f)T~ 
~i15[~~m~?tfJT.rr•~~89M~~~:ff• 

$o it;lf~jl~di0007 fJfJRo 

IE 1 :::fiPJff~mJ::i:Jjj!JJliJJrm?Jt±~aMJ!-* 

hA_tOOPJ~~ili, mfi~ff-MA89t£1Wi, tuil& 
JJrl·±~89M~~-$illmfiZ~:fJo, JK±~@t 

~m•m•~~~~T§~•-*89~~0 

. 40. 

5.2.2 J3i~Jl I ~lit~ itt~.±.ii. fJ ~ ~ v.; *'J 11~ 
~~m•m•89tuimzJJm•±~.1£ffl~m 

~f'Fmr89~~nri1Jmzm~:ff FJr~~, JJ.VoctuimzJJ 
in13rl.±:ff*~~5fn:JG*ti~89~#f1l~·tji£ C NP 
ff-~~5fn*ff•):itttr?tfJTo1£~9='rr;lf?t:li 

~:fJO~ .~-~ 98.4kN-_~=.~ 193.1kN-_~~~ 

290.2kN --~ [9~ 386.0kN --~:li~ 470.lkN' IEP~?t 
~~:Jttq-T, §J'GfEP~iU 238.9kN ,!lBIEP~o it;lf 
~~T~1£~~m~f'F.fflr89~9='•m~m5fn~ 

~ri.±891&~Ji!.*3 5f0*4o 

:bntGffltG(kN) ~JlllliJJ ~~llliJJ ~ff]R~Jjt 
(Mpa) (Mpa) (m) 

§£ -4.5 -7.7 1.60 
98.4 -6.5 -4.9 1.60 
193.1 -8.5 -2.2 1.60 
290.2 -10.4 0.5 1.53 
386.0 -12.4 3.2 1.27 
470.1 -14.4 5.9 1.13 
238.9 -9.3 -1.1 1.60 
fEll~ -4.5 -7.7 1.60 

:bntGffltG(kN) ~JlllliJJ ~~llliJJ ~ff]R~Jjt 
(Mpa) (Mpa) (m) 

§£ -4.6 -6.8 1.60 
98.4 -6.6 -4.0 1.60 
193.1 -8.6 -1.3 1.60 
290.2 -10.6 1.5 1.40 
386.0 -12.6 4.3 1.20 
470.1 -14.6 7.0 1.08 
238.9 -9.5 0.4 1.53 

fEll~ -4.6 -6.8 1.60 

El3 _t*89it;lf~* PI~~ tB, x>t-T~# m• 
m•*~~~89tuimzJJm•±~m~.~~~89 

m~~~~~.EI3-TtuimzJJ89f'Fm~9='•m~$ 

~m; ma~m~89~* .~9='~mmmzJJ~~~* 

;fB~, {EL~~9='~~3f~f:i~t'r, ff. ~~ 89~ tfj* 
:itttrff·89~ili~t'rl&JJ~~.1£~~M~f'Fffl 

---r.m•~~89~89t'rmzJJ~**Bff•89~89 
1ftl&j]~JJ\o JKiJV~ff~j[~~89tuil&JJri•±~ 

~*:itttrff·89~~~~~3f-.WH1£~~~ 

fi9=' .ff·~~89~89~ffJR!Wi~ill:k-T*:ittB 
ff-89~89~ffJR!Wi~.PJJi!.t£!Wiff.MA~tui 

mzJJrm•±~89~JJ:fffU o 
5 .2.3 )3i~Jl i ~fffiii. fJ itt~.±. !l.Iit ~ -tftJt v.; *'J '* 
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20171¥~2jtij 

-;ff~~5Gm~tt;M:~~~JI¥1*~1ilf~r~~PJff~ 

mJ:iij'jiiJJllJJri~±~ a<J~9=t~Jjt lf±!t%:tm m s FJTJR , 
m#:IOCrP1rj}iL 

;!;~!If 1E8 !E!O 1E12 'ff~!li 

Bt!JI<Yilil: 

1118 4H~111f~rffllliliJt!l~±~IUt9~r:ffia!t 

m~9=t~Jjtlf±!t%OO%~~ili.~~ff~mtii 

~141fti!!Wi, t£~;f§ ~PJ1ilf~f'Fmr, JjjfJJllJJrm~±~ 

~9=taWa<J~Jjt~M~~.%~1J!!Wiff~m:lii% 

~ tJ!!WiJjjfJJllJJri~±~ 1¥1 IXltl )jt o 

C 1 )£-TILJiff~W~Jjt?t~t'Fft, ~~I~ 

i'i'il~~JJ\HLJiff~W~Jjt c...D M~r!t ttt3t~ o 

c2) JjjiJJllJJ ri~±~ff~mt•~~~~JjjfJJll 
nam•t%•~•**~.•~m~m•t%-;ff• 
awwfJt~'J\, 51lljjt~f~, -bkiffl~u[fi]JjjiJJllJJri~± 

~a<Jm~*~h 0 

C3)JjjfmJJm&~r~~±a<J~~·I1:~~il!1t.~ 

n[iiJ~f*~~JfM;JjjfJJllJJm&~ri~±l¥1~%~ 

t9J.i'i'il, ~u[ii]JjjfJJllJJri~±~a<JIXJtl)jt:fn~ffJK~Jjt, 
:ltl:rm~n[ii]*~~~JJ o 

(4)Ji:i:tANSYStxf.tf:a<Jm1t{)ttff, ~~ff~mJ: 
iia<Jtl!~, JjjfJJllJJri~±~~***·~9=tmn£ 
:fJO-@-Jll[ .~9=t~Jjt~Jj\, I:§.IIttl!~ff~m:lii~~U$1)! 

~JjjfJJllJJri~±~a<JIXJtljjt, xt~h-;ff*'J o 

~~::leltt: 

[ 1 H!EJER:~ . fflBIZJJ :fLit mE~ JM~ !t~OO W:11l"tt# 1* 
*a9WfJl[J]. I!J:IJIIJ'!!!I$~$11H §~flf.$#&) ,2015,01: 
46-49. 

[ 2 J r~t ~~~~, ~~. ffllliliJt!l~±:ii~*fBl~iftffJ!tWf1l1i 
11f[R].*l¥J::k$3'6i$~tff~~~iiWfJlFJf,2004. 

[3 J !*1l. *~. ~W!t:J$. JllGi!kfflBIZJJt~:t~±~mm1J 
*~~~JJtr.1fi*WfJl[J]. tit-W-tff~ ,2015 '01:42-47. 

[4]~;J\~ .$~. x~~ffllliliJ#§~~~i!REJJ$·~ 

~~WfJl[J]. ~li$1i,2008,02:108-112. 

[5]JTG D62-2004, 0NMixJ$t!l~±.&ffllliliJt!l~± 
tffMriiiHJHi1 [ s J. 

[6]£~, ~1t!!fff, ~@1=. JiU$5f;ff!Ji(PC ~1JL1J·~~ 
iat~.&itfl:1fi*[J]. r:F000N!$1i,2014, 10:64-74. 

[ 7] £~~.MIDAS~ ANSYS :tftff~~im~ r:f a9 Bilffl ~ 
{?IJ [ M]. ~~;?: :A~3'6il:f:l Jl&f±, 2015 

[8] Bfm .?i!Ji(~~t\tiJ:XfffllliliJ~~ag·~~~~P[iij?j
;fJT[ D]. ::k:iit¥$ ::k$, 2009. 
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20 11l:F "i11!J* ~ 11~ ~ ih ~~ iSl. ft mz m ~t/lt?lt 71rf 
*~"1&m 

20171¥3 Ji 18 EI -20 EI , ±*IW ( 9=' 00 )# 

~M~~~K#~~~*Y"•••R•*•• 
~i>l~llllJlHi*5trnt~", ~00 40~~--i>l~ 
rlftilkB~ili{il;tt: 70~A~~, ~i)(~iifT:X!Jzr 

~~~,~~~~~~~~~00~~--~~* 

JflT1t*5trnto 
1!* 5tmt 1*1 ?£I. ~~:ff VJ r 1*1 ?£I.= 1, rw•• 

::1f7!1i*lkmm ~f!IJ; 2, 1i!t.1f * ~m ~· m :~~ U1 
=,-=::£t~m••••1i*; 3,JJ<~••tJ:ta•1t 

*;4,~m•r~W~J•ru~•¥k~Jta<J•19J:mrrr 
EMilllllffl?ttJr; s,.¥k{X1:.!K~-r~WIJ-rY!tllk 
-¥k~il-191:JI!Hfrijyi1!lJ.lllffl?tf1T; 6, ~ 00~~1it 

•~••::1f7!1i*lkllllffl~f!tl; 1 ,rw••$.X1tf: 
i&Ht ~1Sl~tt; 8, 'fil.~tl~~1t1i*llllffl 

Wu5tmt.~~A~£~-T-~OO··~ 

_ill(_ a<JJm~, fri :J:lkiT1i*, xt A, J§~ PJ ••r f'F 1¥1 
* Jfl, MttJ't.:ff -~a<J{'f!i ~f'Fffl o 

«±fllrtJ!~~71<I~i~~~~J~~ffi»( GB50318-2017) ~:Bt 
~ifllmt~~7l<~iii~:&m~~~~Jmi~~tt1ti~it ,~i§ 

tt71t3t71rf~Jfi'f~1&m 

20171¥4 Ji 7 EI ~ 9 EI , 9=' IE~ii:ltf·iJifi?JJ~:lt 
iJII9=' 'L'~Wfu~tle:Hir!l$1J,{~r!l111:7](IW~:!Gtl 
~Jl!.r~J(GB50318-2017)1'r1Jt ~~r!l111:7J< ~~iiMI! 

~Jl!.:!Gtl~ii ~1t1tiitt ,t&~1i*5trntMit~ o 
ili1F*.?N:~•9:1'*::tt1t~ntnJ .•m~~~:x 

9:Mtl~'fR,~r!l~~~A~M~1:.~1:.ffl~ 

mtT E!:k~nlnJ .:boz1$?t~r!l111:7](~~~£lilllii 
Ml!~ii$ J§, iftilitMIT~~llllf&-'fRff~JJ /F JE, l±\ Jm 
TF£a<J.MITI*l~~~o~~~~~~~ii1$VJ 

~ 1447%0ra-1ttft{~r!l111:7J<IW~JII.:!Gtl~fiD~IE 

~:fift, ~%~ GB50318-2017, §'~~JII.fi1111:7J<I 
W~:!Gtla<J~11ltl .ME-Jm~a<J#lJ~~r!l ,1fi:JJ('f:Ui, 
1fF~~~~~1-1fi:JJ(®f~5c:Jta<J~Jif.fiL!IXJ~o jt~ 

~I*J?£J.-§m,~,.mu,*~,£*~~,¥5**ME,mu7j( 

*Mf,*~~*~~~~~~~o~~~M~~ 

. 42. 

fiLa<J~MI!, ff~$m~111:7J<IWI¥J~:!Gtllkiiit, ~1* 

~A~M~a<J1:.~M~~~.~~~r!l~~~~ 

ff~JJ ~ ~~#ii:~J]( ~, :bo~.i~r!l111:J](~~iiMI!~ 

ii, it)~mffl11£~nlnl*2t~iimft::, :bo:k~r!l 
1£mtmu7J<I(~~111:a<J ~Jtl'I1:~HR, ~ii1:.~111:7](ii 

Jit[,;ff3&~-~r!li*J~ ,~J~~r!l1£mt¥5~fft:{Jif' 

~~Jj(~l(,f*~~t&~~r!l1:.~~~~~£~ 

#i/:~o 

*7X:ltiJ111BtEb 9=' OO~r!l~:!GtliittM~~I¥1 
fL~~~~x>J~r!l111:7J<IW~:!Gtl~fl1a<J~11JtJ1r:J: 

~~~I*J?iJ.ftl±\TW •• #M;tt9='a<J~Mtt~~ 
ftl±l r•fJf o rlf9='~E~m~:!GtliiitM~~a<JxrJ 
) ~ ~ Ix>J~r!l111:7j(*MfJm~a<J f'iiJ:lm:ilH'J T ?tfJf 
#~l±\ T ~~M~o 1~:ilt-iVW·T~m1!!0JKf* 
~~-~~--M.#~l±\7M*~~-**~ 
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~~~~m~-m*.m~tlN:it~~J?d~~~m1-l~*~ 

rJHi~fi e<J r;m·!intM!!;fn~f9iJ o ~ -=:x Ekm7N mJs!t 
~tlia:ifii1fJE ~ IW~'J\:J'txt -~~IPJ](x~~~:ltt 

fiTW~IW~M.#*~%~T&5MJ](~a~ 

~ia:it ~it•--~~t?:lttH®Jia:tt ~tt·.&~~ § 

ruili~~-J](~~J](htt.oZ~X~~m~m 

3t:iiJgrtW$0imf-4~1:iffJE~-=f 20171¥ sA 10 

EJ ~ 12 EJ .:fE:~JI31P*11' T"-0-Jmg(~~-®~t?I 

@~M!!!t*:l'&iJII*" o 
:2Js:.{X:l'lii)fi~%Ji$%o 

-, :l'liiJII ±i#~ 11.1'13t:iiJgrtW$0imf-4~1:iff 
JE ~0im3t:iig(~I@1:iffJE 9=t 'L' iitl _± {f-f*~

(1:iffJEff't, <0Jmg(~~-®~t?r;m~M!!tt*ml¥i 
( iJ:tqT)} ±~tlii~ A) o xt-0-Jmg(~~-®~f?I@ 
~MI!:lttM:Jttq'TT ~M .#xt /,1-:mm:~f?tC~EJ~t, 
ilJ* ,¥J1fi:L Wll¥i ,}* ,:m:1N ;fnif»>it) IW~N:·~i£ 
.&4-~IW±~If'F{f9J-:Jttq'TTW~IW1Jl.~ ;#xt 
-0-Jmg(~~i!J~f?I@it~tl~JJI!~~r&~>J(:Jttqj 

T %~ .&~19iJiJt~ o 
-=--±i#~11.1'13t:ii:(grtu$0Jm#~1:iffJE~ 

g(~q:t 'L' PJ7!~~ 9=t 'L' _± {fi**zr (~~I@ 
!fill) o :k-=f"-0-Jmg(~~i!J~f?I@i!~~{f)Xl~ 
%~"1¥J~~11l~.±i#I*J?if~%Jm$%:~-$ 

% g(~9=t'L',PJ7!~~9=t'L'W~ ;~-=$% -0-im 
g(~/fB:kJs!t~;~-=:.$%·i&~19iJ%~;~1l9$ 

% g(~~JJI!I f'FB:it.JJ! o 
-=:.,±1#~11.1'13t:ii:(grtu$0Jm#~1:iffJE~ 

g(~q:t 'L'3t:iig(~®!~~~1:iffJEff't $:R:ilJ ( rt$ 

~~Jm3t:iig(~~$~~3t:iii@~1J.)o:kT 

"OO~-T~-0-im~-®~f?I@~M!!~19iJ%~" 1¥1~ 

JJI!i~~~fjtl:Jttqjy %~ 0 

:2fs:.{X:l'liiJIIxt~IP1-IM<I@*Jt1~tl*Jt1m:ftikili T 1$ 
J$.1¥Jift: m , xtr4-~ 1¥1 1-1~ J](I@ia:tt :ff ~~ 1it:!lf 1¥1 
m~f'Ffflo 

~*~'±iff: 1*1 ?if~% Jm$%: ~-$%: ~ia:lf 
:i':;~-=$%:~1f003tXIW%~:lttfiW~~M; 

~-=:.$%:!1!~xt~M!!~f7tl:lttfiT%~;~Jm$ 

% ; xt 3t:iiimt.R, tw.HE.&~~ 1¥1 g( ~~ Jll!:Jttq'Ti>t 
~0 

Jm,±i#~11.1'13t:ii:(grtu$0Jm#~1:iffJE~ 

~§H~ C~~I@!frli), :k.:P":;&#-0-Jmg(~~-®~ 

f?I@~M!!~~~~19iJ%~" IW~~11l~.±~I*J 

?ifjg: :n~N:tt~ ~--~·ii~tt1111JimJ3!:~M!!~.~~~ 

17tl ,iM!tlflt~Jm,13!:~flt[~ ~ ~~{9ij '1Jl-3t 8 ~fit[~ 

-~ ~~19iJ, fi A~ 9=t JmJ3!:~M!!~ ~ ~~17tl; 
1i,±i#~11.1'13t:ii:(grtu$0Jm#~1:iffJE~ 

gij"*(~~I@!frli) ,;k.:P"-0-Jmg(~~i!J~f?I@ 

~i-¥#i:7J7!;fn~f7tl%~" 1¥1~~*~' _±~ 1*1 ?if: 

£:2js:.·~{£,£:2fs:-:7J7!,~19iJ%~ 0 

:ii:ii~iX:l'liiJIIe<J~)J;fn3t~.£·1:fCJ!,£~00 

IW.WT-0-Jmg(~~-®~f?I@IWI*J?if.~-0-Jm 

g(~~-®~t?:ffT:ltt-~e<JRm.•ar/fB:ktt 

~~;fn:7J7!, xtia:tti f'F9=t~~B:it!W/fB:kll:iJ~:ff 
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