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Jt~~tlfiJ:tJFEnmJttli:lm-~?t~nmiEnmJt~~:m 

BffjtJloJ!i:i1~~#~~1W~ttN:ll!:Bm1t?t 

~.nmi!m-~!WBffjtJJtii~?t~+'i'JrWIW~~, 

~:tffBffjtJl~d-=:'i'JrWIW~~o~:tffB!fjtJl9=t 

~~~~:mm~bt~dmM!&f,M~?:ft~W~njlij,mft! 

lt±!W~?:ft~:tff•gafiJ~:tffm~W~njlijtiJt~m::ff 

~-{}-~J Ittg'EPJ~ !Wgat~.N 1Jo__t:rgifm f8JJL{PJ~~~·I1: 
Ei~?:ftt)EJt~W*Mil-%cmB.lf,~llt.ii~~:mEnm 

JJt!WJr~-~tl5~i£Jii~it-IW£ilfl.LN~1Jn

g£~{1[,1t~# aa~?twc~~-1'11 ~[ 41
[
5

] o 

ntii f9i #til i5!:ii.1J)! 

*ffl~WWiJt~{ll~Jt,~WW~I!t~±s!i\Jt,~jj!g~f!t~±~·~tlit,~ 

fij;~f!t~±:lJ:Iil:~iE:fflllVGtt•m:w.~* 

:l:f!tS!i!!i&I'lf:tll!., F:+!~ili'Jfi£ 
51Efil~**Villl!l1:ll~9lf$:1i!:JOC~. L!A51Efil}J:::h± 

~jj!g~~'W.~iMUU1»!1liZJJ :fLii!Jf~~~ ,MlliZJJfLil! fi£~~, 1»! 
lliZJJilXI~AA~·~m:i:~iE:ffllll:JI;tt•m:w.~* 

Jmitmrir ,j:tli!{ilfttiJt~~JJJ 
lmitmrir ,)t~filfttiat~~~ ~ 
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~~~·~;fll~~~·~fft.11i1fi~ Jm:i:t:xt:llt*~•l!k~S¥:JJ::SHfi'~ m 
4,;f?f~&~ 

~£lilflm~ PfliiMW:xt~~*hm~ll(fJm~ 

;f?f~¥U~Pfi!I Pflii:i:tW:xt~~¥UJKr~ 

~:rv!~:tb&~ ~i!iJJ...t$ii!if!Jn&ii~-'f~f,lf~ 

5,-f*:~~~ Jil' 9" ~1t)t;:lfj\ 1t:tt;1Wm:xt~tt~ll(f~.ii'f1t~~~~~*~m 

6,Uf'Fffl *1lU fl£lliil.1t:it;, Jll:i:t*Xf41UHf1t:~,m 
SJ!lUElilliil.~ JJIMtx#mmWlfii!i1t~lliFJm~:S:ii!i*~m 

7,J&f,f1j,~~ 1WMJ&t.f1i,~~ *m~~~~~~~tx#ii'i1t~~*~m 
s,_:Jmfli~ UtF~,;f?fllii.ftlt~ *m~ti~txf4~~*~m 
9,Jm~:J!:~Pfi!J ~u Jl.:lt:Je§~*~f-~i!iJJf*~, tf~~~~i!iJJU 

10,Pflii1'ili'Ul!kill 
Pf[If,lf~ Pfliit.S1'ili'~tlt:~~t~*'J·rrre~m 

Pf[Iri{!jlf>t:Jt~ Pf[I;M*!-ri{!jat:Jt11J.J§J.l*;ff;~%~U:Jt~ 

Jllt;f?f5tiil#H!t l,Jl\t;f?ff.S~ -~Z-f.!i~ tt A?lttr:1'ilf~lljlrt;-JJ ,i!iJJz;~JJJ ·*m~~~-t-Hrtxf4~~*~m 
~·J§L~m~ 2,J&f,f1j,~~ 5Ml&t.f1i,~~ *m~~~~~~~tx#ii'i1t~m~~ii'i* 

~# 3,~~{1[ JLfiiJ~~~tt!j~~:tiatt~ftJ!I(J§f.~, tlt~IJ!Iil!~~ft~IIG 

Jt~~tlfiJ:tJF .1rmtj ~t£11f!JZt~~ mBW!;JtJ§ 
.1rm~~.m.1rm~~*~~r~rr:tff~~~g 

!Wti~ ,jtit~0:r.t:!mr: 

Htmi = Hsji + 4ft; + 4{2i + Jgl + /4i + fs; + /6i + 
/1; + fs; + fcqti + /cq2i 

:r.t9=t = Hlmi-i m~t~WiLm~~c±~_t~liJDJE 

m~t); 

H.yi-i m~t~W~itti~; 

Lh; Ll2; -E8~~~ § £_,filillliJJ:tE i 1ftli 
tz::~!WfiaJt,~,~; 

fgl-11M --3t~::ft~ffi, ;f:tHi~~~}WB~± 
-=p ~!i:lt ~11:fltr{ilf~-JJ\~:W: tt~~ tt171J*ffl; 

J4,-~m#F~ff~--£~lllm~--~:lit~1rltl)t 

~m~JfJtz::~~Wm~:tE i m~tsi®~Wmlt; 

/s;-J]f[IJ§Wlf**~~:t£ i mlt"EiJf3~si®I¥J 

fialt; 
J6,-fffii.Jt1iii~:fr i mils! ®~WmJt; 
J7,-tm~±-ru-m~&~--~1t:fr i m~tsi®~Wm 

lt; 
/s;- =m·m~:tE i mils! ®!Wfialt; 
Jcqli-~#Fm~:tr: i mils! ®~WfiaJt; 

Jcq2,-tm~±J§Wlt&~ --~1t:fr i 11l~tsi®IW 

ffaJlo 
~~~~rr~M-JJ\M:W:.~MI¥1~~-=p~J'r 

m~~~W~{l[liJDJE.~W~{l[~~-ffi£*

~J§~Wi~UM:ItM:W:i'i'llmJ'rmJEmti~c6J o 

. 10. 

{1[~-{}-B::~ 1¥1 ~~®M!!I{ilf~~ 1M rrlffi at~ nflil 
12S!# .:frJ§~IDf~lEP~o 12S!Jlt, r!{bat{ilf~si®IW~ 
:lit Eli~--11M§ !ii!Jm~~tz::~ IW~l!i·l1:1t~-- ili!Jt 
~Jt~nflil_,iliQ~si®~JJi~JfJ~nfliJ~t!SJMr:bofEIJ 

~Mfi.t~Sllll•:tr:J'rm~~9=t~•~~•R~m 
!?X;!tl~jt~nflilc4 J o 

3 I~~~1Jtl&jij 

3.1 I~~mtiJl 

~~~0A#FE8Li:_,:t=i"M~ilfli~.#f~~*~ 
503.00m,jt:#f]l!f:;{Jl]l~ :4X40m()tfiijj:J§J!~fili 

lllZJJtl~± T~)+57m+ 100m+57m(fililllZJJtl~± 

J!~~tlfiJ)+3X40m()tfiijj:J§J!~filiMiJtl~± T 
~) o jt:q:t ±#f~ 57m+100m+57mJ!~~tlfiJ#fo 
~ T i!*#f1(~" ft;19J:~~~Jt!!~~, $X>J±#f:lt!: 
:fiJ]f[IJKrr!J!il~t£11ltl o 
3.2 flW.itlUi!i~&f9UJtJliiii 

~ p,~~ t. EJr~J !W~nflil 12S1 #~~~ m~M!!: CD 
tm~± § £ __ filillllJJ __ ili!Jt f'F m __ t&~~::ft __ =m ·rn: 
~--~*ffm~~mM~~~~mmrr~~~~· 
{I[; ®11M ,3t~~·l1:1t~WM11Mfiliff-JJ\~~.ij.JIJ 
!i!i~~it:fltr::ft~ ~ 15mm,~~~~ § £ ~:iji£ 
~~ tt171J?twc::ft~t; ®#F~m~ ±~~ m£~ 

m~+~:lif~lji·[1:ff~ .~ lOmm~,!tt;@~~{l[~Jf 

9=t 50mm, jt~~~~*ffl~S! aa~?tWCt~~ffio 
Jt:?t~m~I2SI#J§filifj!;Jt~~t.w.c~z.). tt3'tlili 
T~~k%~!W~~.jt~~I¥J~fj!;~~~~~ 

It,~ 9='~1m~f4:Wi~filif]!;Jt, ~-@,-~M!!IWl 1¥1~ 

IL 
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~?ttJTiftilm o :t:l~lS:::kiliU~ 13mm, iliU~~:ft 20mm ~ I*J , ~~jt 
3.3 ~It~ftirj~~c7Jc6J ~~~~~rr~~~£*~~.~00~~~~~ 

~~B~Jtfflfa~I.3fl!4ftli:it~tlJi$,kAM!!I ~~~~~rr~*o*M~~~~~~~~~m 
JKr~a<J:ii~~~:W:*~ .:ie~lM!i::kiliU~ 15mm, tttit~OO 1. 

~2 ;fii~Ji3i ~Ji!ijifflJliiii~ 

~l11!:1lt.\% 
16B 
14B 
13B 
12B 
liB 
lOB 
9B 
8B 
7B 
6B 
5B 
4B 
3B 
2B 
lB 

129 

129 

129 

~ 129 

= 128 
11@' 128 

128 

128 

il!:iHffif.li/m 
126.401 
126.416 
126.420 
126.404 
126.336 
1260218 
1260048 
1250827 
1250555 
125o231 
1240857 
1240515 
124.140 
1230731 
123o288 

.:fl:;f'jt~ffif.li/m 1i!imJ1Vmm 
126.401 0 
126.426 10 
126.463 43 
126.455 51 
126.402 66 
1260289 71 
126oli4 66 
1250884 57 
1250606 51 
1250274 43 
1240893 36 
124o547 32 
1240165 25 
1230746 15 
123.303 15 

~l11!:1lt.\% il!:itfi-i!'lilm il:;f'jt~ffif.li/m 1i!imiitmm 
:Ill][ 122o968 1220983 15 
lZ 1230285 123.304 19 
2Z 123o727 1230751 24 
3Z 1240133 1240176 43 
4Z 1240507 124.570 63 
5Z 1240846 1240920 74 
6Z 1250218 1250306 88 
7Z 125o539 1250642 103 
8Z 1250809 1250926 li7 
9Z 1260027 126.160 133 
lOZ 1260195 1260339 144 
liZ 1260310 126.462 152 
12Z 126.376 126.531 155 
13Z 126.390 1260535 145 

lilt :t=t~l±~~ruJV(;:M:~%.!3:00~Mlt!8tOO 

( 1 )Jii:t?ttJTMJ'E ,q~~JTPJ~~~nfl!r~~~~ 
a<JJL-'¥-Eff:ffl2§~ .3fx>t~1'-12§~:ll!::fiT ?t~; 

(2)*m~ruJJt~m~~f~.IE:ff~5Grr•~ 

~.~~~~~~1¥1~~~~?1-t!T~:W:~~~M 

m~a<J.IE~·fi~~~·fi; 

< 3 )Jii:ti~~~. ~rm T ~Mr~Jr?!~~~ 
a<J.Mr~~~Jr&~$3f~-~~~~a<J12§~:ft 

:l!~IXJtl#J~M!!Ii:t~ ~ ~~~~q~~J I~Jfa<JM!!I~ 

1IJIJ5&:W:, E A:ff~5.i 1¥1~ ffl·fi~fl) llllffl1ftffio 

~~)Cifiil: 

[ 1 J~tt ttffi~ ~ 0 :k!ift~J:lJiBilJJrl!jjE±:i!~~XJtl~:M: 

Jil!!IJKr~?Hfi [J J , 'l'k:il;fll-~.!3 IW~fli 2010 ~ 2 jj ~ 7 

~~l:lm ~11-lSJJio 

[2]T~ 0 ~Jft:k!ift:i!~liiltl~:M'Jil!!Ill{r~t:p (19;fif,~_& 

~:mJKrru1ilf~DJ ·***~~m~x 2o1o~s}j 0 

[3]W ~ :!LJi±~~+1LJOC:i!~liiltl~:M'Jil!!IJKr~1J 
~.1*1t1¥:::fd~~IW:ffll&0PJ 2010~10jj ~SJJio 

[ 4 BJbjoj( lf ml_t 0 :i!~ ~tl ~;M:~ %~ 11i'J 1J7!1ilf~ 
[J], 9='5'~0~~26~~6;M ~83- 86]Ji. 

[S]tt~~ #)}itt~, :k!ift~:i!~IXJtl~:M'Jil!!I~1!iJJ{JJ 

Jlt?HMJJ, iril~.illt.:k~~f!i2009,32(4) :~64- 68JJi. 
[ 6] ¥:JJJ:k:M':M'~Jil!!IJKi~~JJltl Vl.O, _t#l]: fiij#f}li&( 

IWN!:::I:t&ru !tii 201 o ~ 3 jj ~ 4 JJi 0 

[7]JTG F80-2004,5<:5m$<0~IWN!:::I:f&~i'f)E;fif, 
f'1U[S]o 

[8]JTG D62- 2004,0~4lU1i7J!jjE±_&J:lJi)jiziJ7J!jjE± 

~~tiiHJU1t [ s J. 
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=ta±lif*~~---tJ~~*" 
R. fi"JI;&.#JJiJfjf 

.:£ llN. 
(i*.351MIIUI RWtf&~RV.t}ll.l,rA<r~ 510507) 

• J!.~i*ff~lt1ttit~~.ClJiti (ti-~I]'T8m) ~.tlli.'OiM'f~Jat,Q& 

-lt.:lfll5i;~ii!'MIDASX't~i!m'ltti¥flt.U.UtK~ MIDASt/fjl"~--,)!#tllj 

~·--~•~••.~t~~n~~~n~~~.~aT~T~~~~. 
1< •• ,.~ •• ~.~~fi.~fi 

:tE~illl~llffiJI 1ft. -~~fl.fiBlit11$1t 
H.~~ii.fitl,ll~il..filliaJQ:jc 

illll~!VJ§:JJt,HIJfll:ll*.~ 

11t11M,Jli!l~ .MM*•ia±IIR: i!!UI~-Tfr 
M.·~~ft.fiM·~-~IA4 .• ~ 
ft.fiMf#J;ttJ3!.1JNUr~.e•I!•U.Jt3! 
.t.r~~«~-ft~~~(L~#
~):ft~.f!.li.fdAfi:,:JA!t*fq:,.~, 

~·AMRT~~~~-~~.~~~H 
~.fiM§.t.r•&.*•lliM§.t.rM~~~~.t.r 
~~.~~·.fiMM~~~-I~It 
~tf!JU. 

I II II II II II II II II II II 

I 

l 

1 it8ii:f.J~~~ 

una•••*.MH~AH<.M 
.fiL_.±ft,MM Ill It, tUi±JI:b,11t*11fA) 
!:I:HifMfj\, ~;IJ± • .Ifil6m ll<f .11t~ 
.flfll:«±HGIJS'llllll~OI!-* 1). 

ti~Jt(m) Q.5 2 4 6 8 10 u '" 20 
:7mlf 76U 40.5 U 3.0 U D..8 0.5 0.3 0.1 
4mJI!} 783A 43.4 u 3.5 1.6 0~ o.s 0.3 0.1 
6mJf 1026.6 SB.2 13.1 4.!1 2.3 1.3 0,8 0.5 0.2 

~*~11t$--~~--~~.t.r-~ 
11,, Pf~U.@f3!ft~OO. Hit~*{$ 
.¥*M~··f#J.:!IIII!II2~. ClHalt..!ili 
'*'IS ~~~~ft:;llg~jtd,-'JII&#ftJ!tHl'IS 
~~Jfi&#Zl. ill:tZl:JJtWH!~·illillf.t.J. 

= 

• 
q1 -f-.. .. 

q2 

"' ~ 
----'R1 Eb 

q 
lltttttttttt 
jl1j L 

ruZt•R .. ;O 

"'' ; '3EJ,IH + ElJL ,.;,.-,. 
R, • -,,B'I8-t{.Ilaii.S+IIf2+qL'I3-'lLln. 

z _ f!B'IS+qJJ,/IS-M!2-,L'!3+qt:fn. 
' 3EJJB+El.JL 

-~.121ft~ ... , 
M- =1J.IPI8+toB,/I$-IIf2·Zl• 3EJIJH 

= f,B'IS+'JoHJIS- Jl.IZ-

q,B'/8 • 'l!HJIS- M/2-q£'13+ gl.f/2 
l+.t/3 
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1!\i:fiil £~9;!illii!i;fltl\".\\(: 
M!Ol~l't< = Mfi!t!Ol + qLI/2 

J!\i:f&Jf9='~9;flM lmM'I': 

M!Ol~<P = Z1El2/L- qL2/6 

= q1H2/8+qoH2!15-M/2-qL213+qL1 212 _ L2/
6 

3/A+ 1 q 

:r.\9=': 
A j; m::fi l3MJ a 1¥1~ ~tlJJt tt , 
A =(E/2/L )/ (EltiH)= (L2H) I (I,L ); 

1, j;4l}ll£*MI:!irm~'tllHi9if! ; 

12 j;4l}ll£*1!\ilitn:~t!JW£9if! ; 

:rt 9='~%~)( = MJ a m:7Hff!tl3Y:!lLjJ iE • m::fi-=w 
£r 11J!tl3Y:!lLjJ iE, J!\i:fi!Yf9=' _r_ 11J!tl3Y:!lLjJ iE o 

;f:tttw_t~~*~-{}-~tl:tmr~i~: 

c 1) ;f:ttmit•~*. 

q,H2/8 + qoH2!1S- M/2- qL2/3 + qLt/2 j; fft 

m, ~P z1 j;fft m, ~Pil,¢.(mf*~at.fr:lfrP11ifE~ o 
(2) ~ A ~:k. 

_ q,H2/8 + qoH2/1S- M/2- qL2/3 + qLU2 {ll i:II. 
1+A/3 

.§lft~Jj\_§_j}i£{ll ,,bAYfjj M1m~m; ~lj\, Mii!i;fltll".\\\ -tf!..§lft~ 

'J\~P~:!ir7~11J!tl3Y:!lL~9;E~'J\,m::fi-=w,¢.(r11J!tl3Y:!lL 

3Y:~9;E~Jj\o 

(3) ~ A ~:k. 

q1H2/8 + qoH2/1S- M/2- qV/3 + qLt/2 ~{gxf{ll 
3/A + 1 -

~:k_§_j}fft {li, _bA Yfff M m;u.p g{g)(f{li~:k, ~p J!\i:f&Jf 

9=' L11J!tl3Y:1l[~9if!~:ko 

2 MIDAS~Ila:lC~*JT 

*ffl MIDAS ~.lr.:fil!i 5G;tt~, Ml* rPJ ~J!VOC 
1m, £~llll!\i:fi l3:1:!!!.£zf8J*ffl5Jp.·f1:Ji~mm o 

£-**~ k mtR:~ttMJa _q 1!\i:fi~W 3Y:n·lft£, 
£p((*~ki¥J~~:lf~~~~~~~~~~~~ 

%:r.\o :;$:)(~£p((*~kjJ~~.xtjt:lZ!:1-T~~?t 
fJT ; ?t fJT:f±:~F FPJ 1¥1 k m-r , MJ a _q m: :fi ~~ 11J!J ~ oo 
pgjJI¥J~{{jo 

1800 

1600 

1400 

1200 

• 1000 ;; 
.\\'( BOO 

'=' 
600 

t--
~~ 

---+-- lmfl Jil!.gjj! 

' 
- Jil!;fltll".li\<Jjig t--
---+--- Jil!;flt~'l'l!JW: ---- ---- ---..,. 

I""" 
400 ....... 
200 ....... 

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 

k (IO'kN/m3) 

1114 4l-~11i'HI&OOJl.ifHi!iJ:iK~~kit~1tllti~ 

1!\i:fi 1l ,¢.( ~9if! mfl£W*fi k {ll~f-t rm£:;$::1F 
~ • 1!\i:fi!Yf * ~9if!lit MJ a m:~9if!ma k m~* rm:~F MYr 

~~1\, jt:9=' J!\i:fiJf9='~9if!~nJitJ tt~:k, rm~a m:~ 
9;E~nJ[tj~Jj\; rm~ k {l[Jj\-T-~{llat, k{li!¥1~1-t 
~~am:~9if! ... m::fi-=w£~9if!litl!\i:fi!Yf9='~9if!~ 
nJ[tj~Jj\o 

~·~~~Mt£9='£W*fii¥1:1F8~tt.IPJ 

at~£W*~k{ll*ffl~~{llatM§~~~I¥J~ 

~11:, :;$:)(;tt~ 9='£W*~K {li*ffl 4000kN/m3 o 

3 {ll:#i!~ MIDAS~~i7G~*Jrt6~X'f~t 

:ljs:)(<frxt6.o(~Jf)x5.0m(~~)mf*:rtw:fi 

~ (8.0m<:IJt± ~ )Jt~Om lit 18.0m<:IJt± ~ )Jt~ 
20m)pij#w:fiMI:lZ!:1-TT~:W:~rto 

* 2 fi'l35!1HJT!i!i ~~ MIDAS ~Hilft1HJT!i!i ~){;j" tt* 
(8.0m<Th~Om) 

?HJT:JJr! 
~a~~ ~:fJi11R,(~ ~:fJi~rft~~ 

~(kN·m) ~(kN·m) (kN·m) 

MIDAS 325.6 420.5 - 1375.1 

ut1l~rt 338.0 398.5 - 1539.0 

(MIDAS~:W:-lli. 

~r!~:W:)J{ii~ -3.7% 5.5% -10.6% 

?*ga* 
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;tt 3 fi'l~$~dHJT!iUI~!:3 MIDAS ~HRft~HJT~~5t1 ~t;tt 

( 18.0m<Th~Om) 

?HIT1Jr! 
~alfsi~ Jfsi;fJiil" R,( ~ Jfsi;fJi~J:f:t~~ 

~(kN·m) ~(kN·m) (kN·m) 

MIDAS 570.2 760.2 -2783.5 

m~tt 595.0 713.5 -3089.1 

(MIDAS~*-fil 

~tt~*);fil~ -4.2% 6.5% -9.9% 

1*~* 

~~q:tBJ~~tfi ,{i'I#r!~*~ MIDAS:ff~it 

:JG?tfR~*~*~'*' *$?t~~:MJ:tE 10%~ 1*1' 
Ifi*~~jj-10.9%, ~f!P~~~ ES MIDAS m~ 9=t 
~;fliilt :JG:ttl?ta9*'Njc~ff9 o 

4 Jl.U.&~1ii~~IXJtlltt~~J&~tJT 

jJ ~iJE{i[#r!~~q:t ~;f}i~Mf:!it~~tl~ ttx-J 
4H!t 1IJIJ ~ 00~9£ a9~ nl[ij , Ji:l:1:1&1t£~ ~ ;fli)!j[~ 
(Mf:!if}!j[~/F::ft) ·*ffl MIDAS:ff~:JG::frf}f$)({lj:X>f 
~;f}i~Mf:!it~~tl~ ttff&~fi?tfR 0 

lfsi;f}i)!j[ 

J!r(cm) 

120 
150 
180 

}fsi;fli}!j[ 

J!r(cm) 

120 
150 
180 

;tt4 6.0x5.0m(8.0m<Th~Om)~f*~ 

~'H&iiJlUJi~Jl ~J.Sr~ ~;tt 

lm!fJ!J 
lfsilli~ 

lmil'Jfsi~ l~llil1 R,(~ l~;fjij(§J:f:t~ 
lm!f~ 

J!r(cm) 
~tll!rt~J.. 

9€(kN·m) ~(kN·m) 9€(kN·m) 

70 7.4 530.6 626.7 - 1161.1 
70 14.5 402.6 499.1 -1296.0 
70 25.0 346.6 420.5 - 1372.1 

;tt 5 6.0x5.0m(18.0m<Th~Om)~f*~ 

~*&iiJlUJi~Jl ~J.Sr~ ~;tt 

~!f}!j[ 
lfsilli~ 

lmil'Jfsi~ 'l!.\illil1.~~ Jfsi;f}ij(§J:f:t~ 

/t(cm) 
lm!f~ 

~(kN·m) ~(kN·m) ~(kN·m) 
~tlJ!rt~J.. 

80 5.0 994.8 1179.5 -2335.7 
80 9.7 731.2 916.7 -2616.5 
80 16.8 570.2 760.5 -2783.5 

lllf[tf ~;fliJ¥ ~ a9:!1 * ( MI :!it J¥ ~ /F::ft) !!P ~;fli 
~MI:!it~~tl~tta9:!1*.~a~~9;E"~;f)i1Jg~ 

9;1!~/j\ '~;f]i]l!fq:t~9;1!:1t*' ~{i[#r!a9~~~

~li9o 

'* i!fmf*:ctw;fli ~tijft-fti&Ut}itl~~~;fli 
Jf9=t __t~fti:m:W~i,iH.,~fffiJ14"~a ~,&~;fli 
1J gfti:~I 1MH.,~&fiJ141lH-r~H. ~~~mf* 
A;JJR;fliMJ~fft; ;f1UJiH%~:t5IfJF~~itJ!!l'.fl1} 

. 14 • 

(JTG D61-2005) li9*~J:1;f§*if~(A; 4. 0. 10-1 
Wt4. o. 10-2)~~~.:t5IiliO'L'~fffiJ14*~iJxtili6 
,r.,m~11f!fi~, ~9£a9~,J\:f1-m£~~a:!it ,&~ 

;f)i1JgFJT~J¥~~~~*:!1$ii,~rllt.~m¥IJ~ 

;flii!f9=t*~i:1£~m.m~:!1*~;f}i~•:!it~m 
~tt, ~?19JG;J\Mfa ~~9£,&~;fli1J,¢,(~9;E ,f$.BJfl~ 

~~a:!if,&~;fliR~.J~tt~m~;flii!f9=ti.~~ 

:Wt~~~~;flii!f9=t*~i:1~*·~~mf*:ctMI 
W!Jff9~jJ•I'£fl~o 

5 !i!iit" 
( 1) *m m#rt xt~~±mf*:ctw;fli MiuHr 

T n~?tfR. ?tfR~*~a_ij =Mia ~~9£"~;f)i1J 
,¢.( ~9£ ( ffgxt-m:) lllf[~;fli ~MIa~ ~tltt tt a9:1t* rm 
~~1\. rm~;flii!f9='~9£1llf[~;f}i~~a~~tltttta9 

ffl*mJ:ft*o 
(2)*ffl MIDAS :ff~:JGm~xf~~±mf*A; 

JJR;fli~~fiTm~?tfR.#X>f£W*~k-m:~fiT 

~~?tfR, ?tfRT£W*~xt~~1IJIJ~OOff9~nlltJ o 
(3 ){iL#r!?tfR~*~ MIDAS :ff~it:JG?tfR~ 

*£*~'*, ~iJET tf~ff9BJ;W<•I'£o 
(4)*ffl MIDAS:ff~:JGm~xf~;fli~M:!if~ 

~tl~ tt~qcr T ~~?tfR. ?tfR~*~a_ij =Mia~~ 
9£ "~ ;fJi 1J ,¢.( ~9;E ( ffgxt-m:) lllf[~;fli ~~a~ ~tl ~ 
tta9:!1*rm~'J\, rm~;flii!f9='~9£(ffgxf-m:)lllf[~ 

;f}i~•a~~tl~ tta9:1t*rmm*. ~fir#rt~~ 
-~0 

(5)*ffl MIDAS :ff~:JG::frf}f$)({4 ,&{i[#r!xf 
mf*:ctw;fliM~fiT~~-tt~tr.#~-ita:!it~ 

~;fli~m~tta9~~.X>t1*11fmf*:ctw;fli~~ 

fiTfJt-tt~it. ~~~mf*:ctw;fliMJ~JJ·I':Eff~.~ 

rm~~mf*~fft o 

~~)'(~: 

[ 1]JTG/T D65-04-2007.0~ll1i§7fl!jgw]Jltl. 

[2Hf:l2inX:, ff#!Ji$. ~:f;J!;:JJEif11J!JllRlliM~~Wf:Of!i:.&::tt 

~*~~-~][~~.2013,27(1):32-34. 

[3JI*'li00 .mliMW.#~JlJ. J::!11!JtllRlliM~JJ*f·~ 
,&~Pif!r[§~~~-:¥'f~jJ~~1!i[J] ,2001,32 (1). 

[ 4 ]ITG D61-2005. 0li!!:f:5I;f!f?!lr~iH!tt1. 

IL 
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II 

20171¥~1jtij 

*'1 f!f] :t 
C!*11r5c:JIJ!!Il.ttliiit?ilf1li!1GJN:ffi-:fl!S&%PJ .!fH 510640) 

mi ~. illlilftAA~ii~~tl;ftJ:M'~±I$i;ftrtltl:JXliiitfiiJ~~tf:l .$~~:k±I$ilt\i$Ri"*fri$tic,@1t~Willlilft 

~~:li!nX::h&I~{!:fll~Pil!f~%\'.o X>t?Hlif:M'~, *Xi-A~ PJ:ffitctl~lif O#:!;lcJiH'H$tl1Wil&:f!B!, ~~lif:M'~a<J _±f$1~ 
IRJ~W.;ttrtJJXL111f~o ::z!s:X~:iMl:k:M'~fjiJ .m midasJ!:fl.J¥!.~lif:M:~:fll~~lif:ffiii:M:~a<JM-t-~:&I, !t~4l-e a<J J7;J 

jJ:f!!~~·~.WlliZJtlANSYS)(;f~jJ~~a<JO#:!;IcNJt~H$1Wil&fF-=:~~{:.M!JJt?H1ro ~*~OO~M:M'~:ffiiitr=f 

PJ:fl3!:fc~d;'lftlt\i J7;J JJ , m ~!I!Hii:~~·~o 
~-*· ~f$i;ii~~tl;ft);:fttl~lif:ffiii;;ftrtlt't:JXL 

1 ~I * 
1J!J;ff(llfj itti¥1*1Yf~J!~ ~tl #g;ffi:~ili:JXl iiit~ 

~m~IM~~I¥1~*~~-~~~~~M~~ 

I¥Js1FJXL~~~~omr~msm~~~~~r 

~D~~¥Jm~~#g.~~~~rD~I¥J~W~#g, 

~~~~~¥Jm:JXLa~tt~~•~M.W*!Yfi!~ 
~tl#gi¥J*f.~Jlkf'Fjij:t£;ffi:~_t$1¥J~~)Xl~~JL:P. 

~fi~Sm~itt~m.~~~itta~m:JXLN:#~•~ 

lli.~~m*~itt~$R~*-~olll1i~0~;ffi: 

~~~~~•**·fi§m~mitt~~R~~~ 

~~C;ffi:itt~m~ili.W£~~~I~~~-~ 

~~0~-~~_t~•.*~§•llire~~•oo 

:!*~J!I¥1JJ~, RPreill1iitt~W~#g~ft~~~$ii 

mitt~o#:!*7~f$~~m~~¥Jm~~#g .~IPJ?tm 

~~)Xl~~~:tllll.~d;'~itt~jJ 0 *)(~:1Er'1* 
;ffi:~fjij '*Jffl midas xt ~-m~~~-~J!;ffi:~Jt 
:lzJJ}I[-f-IH~~~:lG1l~, tt~IW1f:tE~~*J~~~ 

~ri¥JI*JjJ~·~·!io ~1~. mrO#:!*~;ff-=:~JYi 

JJlljJ_§_1~f$~~~~~~#g '~~~~5G1l1t{llt~ 

~#gfl!fJ.t~&, lWxtJt:ltHr -=:£t~f*f1JJt?tfJT o 

2 I'ilt/.£ 

:1Er'1*mmrnul.lill1i~0~:1EJ'I~·I*~~. 

:tE·~*~~AK~Mmi*J.~;ffi:_tfiiS~#g~ 

(72+ 130+ 72) m 1¥JJY!JJlljJJ!~~tl#g;ffi:~' m~M9f00 
*mll!mli!~J!rJJl{JiltlfOO, JJii{)ii:JJt~ 12.sm,m 
~;ftt$~(llfj 8m,!Yf~(llfj 3m,~l:6m, ~itt~:2'L' 

~~itt, itt(llfj 84m, ftffl,~tff~~lt:MJ~ 6.5m, ~)!1 
)lffl, ~tff ~ :MJ ~ 80cm o itt JJii OO:!* N:Ji 2 :1!!~ 1!11& 
*1H$1Y!~~$j~J!, ~lli1&J!180cm, N:Ji~.'!£ 

~]YiJJlljJ 0 

(72+130+ 72lmJ$. :bfltl~j~ 

__.,___, =r- ' fl ' v 

t lfliU ~ 
n: lf't 

&5 ) 

80 
1---

650 

3 fl-f*~~Ht*'f 

3.1 w$.U~m 

Mlll1iitti!~~#g.~g~~M;ffi:itt~~I¥J~ 

~~~~s1Fa~~~~~~itt~N~No~ 

~.mitt•N~N~~•~•mittitttt~~~~ 

. 15 . 
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Et91LJt JRtM fF ffl , ~~ ~ 0 ~~!f-1ir M:ii it~ 9!U ~ 7IHifftli: ~ § Et91lli.JJ -*~0 83 -T *:rJ! § ~14 FJT~Jt§. 

JTGtrD65-01-2007 5.2.5~3~,-,W!tl~t±Ef9)'~,W!tl :k-Tgli-&;ttOOilli.iJ-*~Et9;fiBEXWVtlt::9,*:Xffl 

fli!oct~P-1-w!tlili!oc~ 5·c .~·~:tt~o ~JRHW.m:Et9::7J~lli:{PH~i'J~ § Et9JXlffl~*iiL 

s~~~JXt.ffl~*~~0~m~mJXt.iirr~ 
m:~[l]lt•o 

c 1) fFm1£m~.LEI9JXt.ffl~ 
*limJXt.~_w.m:9=t0A: = 

FH = -kpVJCHAn (1) 

(2) 

Vz =K1V10 (3) 

Jt9=t, Vz ~~ocz~iiit~flJXI.~. V10 ~m:W: 
~!!I!OO~__t lOm~iiitJXl~, K~ ~JXt.~~oc1t1t 

{~iE-*~, Vg ~fit~)Xl~, Gv ~fit~JXI.-*~ ,p ~~ 

4:~ oc* 1.25kg/m3
' CH ~m~~~{41lli.JJ -*~,An 

~m~~~{4Jr!Jjf)Xl~1i~OO~o *1!0Jt( 1) (2) 
(3)~ 

FH = IpG~KfVloCHAn (4) 

x-t*m, m~1r~ __t 4i~*JXI.ffl~ Fh ~ = 

* 1 m:t~MlicJJXI.w*Xit•*t& 

~~ K1 Gv Ch V10 An Fh 
lfi{}l I I I m/s m kN/m 
~~ 1 1.56 2.12 24 6.5 12.1 

~1! 1.41 1.56 2.12 24 6.5 24 

( 2) fF ffl:tE_±~__t Et9 )Xl:fpf~ 
*limJXt.~_w.m:9=t0A: = 

FH =I pViCHH (5) 

Jt9=tH~±~rrA~·~~Et91i~~oc. ~ 

~ ±~llli.JJ -*~' *li~_N.m:0A:~ 

2.1-0.1(!) 1~!<8 
CH={ B (6) 

1.3 8 ~ H 

B ~±~WTOO~~.£airflr000A:(2) (3) '_± 
~*$i1J.~Yf9='4i~*)Xlffl~ Fh ~: 

* 2 ::t:J~*l icJJXI.w*Xit•*t& 
~~ Gv Ch Vz Vg H Fh 
lfi{}l I I m/s m/s m kN/m 
~$ 1.47 1.94 33.8 49.7 9.1 27.3 
Jf9: 1.47 1.68 33.8 49.7 4.1 10.7 

( 3) ~$1;fl~JXI.ffl~* {I[ 

~-r~•m~.~JXt.~~~JXt.~~•m~a9 

JXt.ffl~* {1[/F fill , :tln oo 4 FJTJR o :fll!m Et9it~~re~ 
mma9m~~±~Et9ltlfoofF~mf*uH=rJXt.r~PJ~~ 

. 16 . 

F1 

650 650 

IE4 ){l(~liWF~JlltiD!IC.Ifim:cm) 

~ltiti:£a~ffl~~m:~[ZJ9=t~ili ,x>f*0016m-Et9 
~1'-IE%ttOO, ~~~ t~::k-T 25 at, llli.JJ -*~ cH 
* o.6 o x>tflr ~ ~ ~ #f-11: Et9'1f ~ m.JJ -*~:tln* 2.3 
FJTJR, ~~;f§JE£~:@ .~~ cHS'l:fii~Ef9~n[lij~'j\, 

~~lli:~1'-IE%ttOOEI91lli.JJ -*~; ffi&, ~~~:JG 
~li~lli:a>J~~ CH~fii~Et9 0.131-tf 0 

* 3 .t:m*l icJJXI.wlHt•*t& 
Sid <0.25 0.5 1.5 3 >10 

pij/fCHZftl 0.68 0.86 0.94 0.99 1.2 
ftj/fCH 0.6 0.6 0.6 0.6 0.6 
J§"/fCH 0.08 0.26 0.34 0.39 0.6 

tlj{i(}§-flW) 0.13 0.43 0.57 0.65 1.00 

*xm~ttoo~JE1r%.fill•~~~~1r% 

ttOOilli.JJ -*~r~IE%ttOOEI9~::k, HPJft*~1i~ 
ffi•Et9iE::lJ%~1E%mm.~~~4:~.~JXt.~SY: 

~)Xl:fpf~Ef9~~~~.*)(~g__t~~m:-~ 

~o *li*2.3,S/d=1 at ,1al{i[~~~JXl-w!tlM:~Et91lli. 
}J *~~~JXI.-w!tl Et9 0.51-tf 0 
3.2 ~~~·t1~*fi 

x-t~mm~~~•;f§Jtfl~ft(__t~:fJo~::lJA: 

it~Ji:·~?ttff, £aN::tln~: 

*4 P1ii1'-fl~~:iE:~~~f:l}li\ltllfl~j;f tt 

23.3 -!m'tl{~ 30.5 -!m'~{~ 
2 35.9 -~JA{~ 40.5 -!m'tl{~ 
3 54.3 -im'tl{~ 45.9 -im'tl{~ 
4 
5 

~ llll ll llll ll lll~ llll ll llll l l lll lll llll l llll l ll lll~ lll ll lllll l llll ~ 
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I I 

~ll l l llll l lllllll~ ~ ~~~~ ~ ~ i i llll lllllllll llllll ii iWII IIIII IJIIII II ~ 
111 11111 I I I I 111 11111 1! 11 I I I II 11 11111 

(e) ~Mt§t~.=:.Wi"tlfllli 

11!5 lW 1'-~~:jt rPl ftil d!J~~ 

m:1RsllJ~ ,jgif~a~•~~ma9m~~ftfi!HJ 

m~~~~HtJJi.~~*~~26.1o ~~l:f1f:fH:iiJ§" .m 
~~ftfi~~Bm~~~••.~~·~~~*~*• 

~iWi.¥JJ 4o.s, @xt• ~ ft:r=~ ~ ...t.fit ~~~·11m 
~~*.~~m=~ft:rm~~·~~~±~*~ 

TtliJf~-~IXJtllJto 

3.3 1*1 :h ~Hfi 
ft~-:{1f~:fH:ii±~~-~±~a9·~~~ 

~~.~n~~~~~a9m~m~~~±~•~ 

:a~5tu a9!1l~: m~+ a ~• ~ JX~.m~+m~~l!t 
ili!l!t 0 m~~$ ~ 2 f.l~~f.l~ 63 ~1[~ 32mm a9 
HRB400i:lXJ$o :f1f~a9tf~*1Jt~11®(1JLI[{!;J'\!.-h 

tt.0:rt Na = 7T;f1 Ji1t!H~ lo = J-rr;~l , Na ~®(1J'[I[{!; 

Ji!.-n.mmMoom~~a~ftfiiiBm~a9~~*~ 

tt~, tt~~*:tlnr: 

*5 pij"i'~mf"J:h&~lf (!P.i.iL: KN-m ,m) 

:im.IXI.-iJ!UU 
~ 

~~ :im.IXI.-iJ!Uialm 

ffl lr.IXI.-iJ!UU 

:ii 1r .IXI.-iJ!Uialm 

237798 134295 151 942928 134555 

107812 134154 121 1005603 248491 

60160 44567 121 981188 202722 

122424 162185 121 1006637 252502 

74772 61577 121 988311 214104 

.~S(~ 165:M 

POST-PROcESSOR POS:r·.reoc·ES·Sc.. 
BEAM DIAGRAM 

11~·· "'""' 

~
:;= 
1 -~~ 

1.7507\.....00S 
L.Solt&2•+005 
t .3:.QS~e+OO'S 

1.123434+005 
9.1~341•+004 

7-0S249e+()04 
4 ,% 157e<-004 

,~-

7;'§~3 
cs, lf ... lt,..;q 

MAX : IZ2 
MI N : 10 1 

J::fl'• .lf: i )}:;.r(~ll 

ili.tl.• kN• m 
EI IJI• II / 19/2016 

ll:>f1· 1F .. 

'"" t 

~ j~~~ 
5~7'ol34+00ol 

).65217•+004 
l .iO(.oll•+004 

'"""""· I SS'Stl•+OOol 
·333087•+004 
•5.07663<1*00' 

C8 <1t+lt .. .aq 
MAX • S62 
MIN : 402 

.t:fl'• Jt iJX~[$11Jl 
ili.fl; , k,N•m 
BIJI, 11/19/20H> 

ll:-11·11' .. 

"'"" t 

(a)J¥!.Mm~ (h)~~~m~ 

11!6 3:.:1#l~m~ (J¥!.{iL:kN-m) 

m ...t.~~* -ey ~. m~~~~:m:iim. ~~~~ 
**~'J,,fH~~F.Hm~$m:1Jn~JJl6tto :73Yr, m 
-T~~·Iia9Dit~~~~:fH:iiltiD!a9tt~*1JtH:iti*l 

m~a9'J' .1P-*mmiDia9*l!t*~< rr~*l!tttti*i) 
~ 151m/84m=l.8, ~1]\-TJilJ'\!.-~flf=~~)l#ijfi'!f~~ 
J4lij § Ei! a9lll!~fff4a9*JJt*~2; ~*Mmm1a9*l!t 
*~~ 121m/84m=l.44o 

~~<0~m:t1im~±~~~nm~±m~ 

i&tit11JUt1}[31 (JTG D62-2004) ~fAiu.l.,~.ff.0.J:\ , ~ 

fiiJ:I~·Ii*~'Yo* 1.1 .iP-~MmiDI~~-*~h'M~ 
:JI:jj-10%,~l?Mi&tit~mJ,gm.m:~~.'fffl~~* 

U~OOWG:1JD5£Jj)g$; ~~M:fH:iiltiD!Uft:r~JJl-* 

~h·~·~ 17%-76%, i&tttmJ,gj;]fr1~~ . llJ.W. 
Jlt:ln!llJ:fl~tlfn¥m~m~!WiiltM~iJl:h filJ~o 

4 O#iJR:~i*~tff 

~~4.¥JJ O#~Jt~H$1lii:flii£:1fl~*'Jm~ra9 

~n·lf&. rmxtJt-Mt~f*fii1i~~ o 
4.1 ~~m.1r 

*)(~ffl:kiD!:fl~5Gtxf4 ANSYS ~a9 solid45 
lP-:JGttm O#:i3c.,o#:l3c~H$t1t~~~~~r 1 *6lt 
a9it:!if ,beam188~1Ji5Glt1t,{Jt~$~~:!if ,link8 
$:JGlt1t,{~~~~~ho~-JG~:!if~~f*1Ji:JG 

~:!if*ffl~*:/Jf£7'![41~tl~jjiD!E 0 *)(~-{iff~~ 
~~H$-~:Ifl~5ftla91Jij-t-:JJ~m~.:tln:1R6FJr~: 

*6 tl}.,~~-=i'~l]f.lj~if!.* 

I~ ~rP1 m~m~ 
I~- tttrP1 m~+tff:rtt:t¥JJ:?'liil.£+siFtttrP1~m~ 
I~- VArP1 m~+~:tt:m~+#rP1i!lfJ~JJm~ 

~ ~11J!J fg]n ~r-t$m~~mft~*M:f1f~iJl:.¥JJ 

:m&:JJ~a9~$11J!Jfg]hft:r:fH~a9~$m~~xt~~ 

f$M~t&:lfl~5fU·Ift5l.ra9m~gll~ o JX~.m~~1! 
. 17 . 
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20111¥~1m 

1WOOit•EJrq~, kA~%fpf~:fJD¥U±ftt~i(i:JC_t, Jt 
~fpf-~Mmhl~-~~i(i:JC·~-*~ffi~-
008911.~fJ:fJD¥U*)Cf~~ ~ O#~aoo mtJL\ 11.~ 
_t, 11.~~ffi~aoo~U1~o Ji1Jjt~14~±tt~ lm~ o 

4.2 i.tlf~~ 

It£~~~rPJ!i~fUit£, O#~±W:.±ff~ 

fJ~noo 3.2, oo 3.3 EJT~, ~tv!~fJWiim.~!it~fl~ 
~~~~~fJ~·g*,ii*±W:ff~fJg~% 

~~~*~~~~4~~~o#ili~~(it*~~ 

~_±1il~f1 ~ 3MPa, #ili~JJi!it±1il~fJ ~ 
3.4MPa,~ntn1fllllr~*,H*xit•*~mmtn~~ 

~, ~=*fif*~; ±ftt5t~r1$~~~ntn1:ff$%W:~ 

fJ g~{f!~-m~*,1£o .... 1.5MPaZf8J o #ili~~ 
!it~r1$~~±ff~f1 ~-15.4MPa, #ili~Di!it± 

ff~fJ~-11.5MPa,$1)E~_mfll~*o 

1118 I{£-O#:i1c±1irm.JJ 00 ( Jfi{iz: KPa) 

1119 I{£-O#:i1c±ffm.JJ 00 ( Jfi{iz: KPa) 

It£=r o#~±m.±ff~fJ~noo 3.4, oo 3.5 
EJT~,~tv!~fJWiim~!it~fJ~~~~~~fJ~ 

• g~r , ±tft~fl it:ii 1£ 0.5MPa kA r, ±ff~fJ 
it:iitE-12MPa .... QMPaZfa], ~r1$f.IWjfliJii~#:JG 
~fl Jf 1it tit 0 

• 18 • 

J\N 

5 ~it~il:})'( 

~-_tJ!it•~*, xf~:Jt 1'1 7cf1ftc-;f;~lif§ 
Jta9~it, *xq~ili kAr~i~~Jti)( = 

c 1) xf~ • ~~*1f~ , ~~1m-Jlli aa •~ ~~f~, 
tc-;f;mm~ffiJtmm*••~m~~~~m-~rtJa 

~f£; 

C2)*~~itur1-T~rP1!i~fUfpf~~llif%fJT, 

••~~Itt~~WmJJE~m~*,~•ffilim~ 

±tt~fJmmJJE~m~*,x•~~Itt~~*•oo 
fll1taoo~it o 

(3)~-~~%f)f ,*Ii~tc-;f;~l~rPJ~-v.~fpf 

•~oo~~~~-,*~~~~~rtJstfJmmJJE 

~~{tffl~*; 

c 4 )ffixf~~rtJ fpf•rro1f, ~r1$~~xf~ rP1 fpf 
-~~~£~~~,1!!1JJ1£m~moo~ ,:ho5£wctnm 
mm JE ftffl~*; 

cs)*:r_m § 1il~m-~I?Ji~~oc$Jt1I£~±-&g, * 
x~*~m~~efJ%fJTflla~tt%fJT,~1£m 

ll~I?Ji~oc~~g~m~~~~~£~W~o 

~~jc~ 

[ l]JTGff D60-01-2004, 0~#f~1JL)Xli&[it~~11I:[S]. 

~t:JX: },J~56iili Jtif±' 2004. 

[2]GB sooo9-20l2,~~~~m~~~m:[sJ. ~t:JX: * 
oo~~I~ililti*±, 2012. 

[3]JTG D60-2004, 0~m$t~I!±.&J:V!m.JJt~l!± 

~mii&[it~~11I:[S]. ~t;X: A~5c:Jiililtif±, 2004. 

[ 4] £~4Ht, ANSYS Ifi~~~{t[?t;fff. ~t;X A~?t 

Jiililt& . 
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I I 

2011 &:f:~H M 

:P-1t# 
0_.__*1!!3tJm:I1Jt:tJ~itiJf~~JN:f5!:ffi!~%PJ .ifH 510507) 

1M ~: ~:i1t$:llt:t£%Mf~~Mf~Jigtfffjf*;tc~,:f:tt1JUMf~Jmn'~~jJ (i{J]D:~f'pjij o *::lCX>t~~$:llt(J{J;ftJ.*:J5W.~ 

i!tn'?H/r, Jr~ir:t£ll!f.fii!(J{JJm~$:llt i1Ht, ~i.t:tLnfilJJmM:~n'i!Jitt~*ffi~Jtiifti&JiiJ , A~-~(1{]~1& 

~~0 

*ilWJ: ~~$:llt; ~;fii!Ji; iifti&Jii] 

1 -~ 
$~~~~~~~tr~~§~~~~~~r 
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~~*n~~f*nt;JJ~~M:~~M::!kMt{~~~ 

-~nf;/J~~-00 0 

r*~~~ft<mdlt, m~m#!Jli~~~~~~ 

~*F' ill~(33.7%) ,Ji~(24.9%) '1JZ-Jffi(21.7% )~ 
~~(14.2%)fiJmtT~~~B<J.±~~~~~.jt~~ 

•<w~~-1i~)l¥f11£(1JZ-Jffi~~~)B<J~~~Jm 

~"~~~mdlt --*W~Ji~, 1¥I~~tr-=:~~HI1JZ 

lffi" o !5~~B<J~~if§~m.r*~~tx±B<J?t:fff 
m:oorrzli~mtPF~~~.A~B<Jw~~tx±,v

Jffi~tx±,~#!J~tx±~m~~tx±~~~~~ 

"1f ~ w-[4, 11, 19], J! .® tx± ~ffLW-PF~ i¥1 :IF fit] W:.f¥1± 
~~[4, 17, 19, 20]: 

( 1) ill~~tx±: ~~~tx±?t:fffOOW-/F j(Ji 
Wll~itj(,jt~f/q~~~:r±tlft~ -.rliJmtlm-~Ai'· 

~~jt~~J.KPF~.#JQ.a<Jill~~tx±~HmW

if§% ~tl?t~:!nrfSIE~: CDWJfflif§tx±, jt$1!.~~ ~ 
~7JBYt~~~7JB~Wll~!Bt*; ®tlftW-if§tx±, jt 
A~t~ ~~±~~LHili±mJ:!Bi::!lf; ®:llt#J;W-if§tx 
±.~~tx±?t:fff:lfl~rrzliftmJ:~rk~=~ 

Z~oill~~tx±.-TJffi~~~ilia<JtxW*~ 

etm 7JBYt*, 7JB 1& 191: JJt *, YtmJ: JJt *~) JXL1t fF m , 
J!.®~~!5~~/ffm~mJ:rl~:Jtt~mt7.KB<Jii~m 

:lfl~mW--=r~~11£~~m.J!.®ffLW-~~M*m 

~7.Ktx1t~~~~?t~~~~MW:Ifl~~~mt7 

tx±o 
< 2) v-Jffi ~ tx± = ~tx± ?t :fff rrz . 11t JQ. B<J v-

Jffi~tx±~HffLW-if§%~?t~~~SIE~:CD~~ 

if§tx±, ~P ~Mr~~--w ~~~--rliJmt~~~WJif§ 
~~9='~W-~mta<Jtx±; ®~~if§tx±, ~P~f/q.y 

w-ru-~~ ~ B<Jtx±; ®rliJ~~if§tx±, J!~tx± 11t 
~~~~7JB~~f*B<l~AM:ffr~mt~~B<l=~ 

~fAlmW-~ 9=' ; @~WWJif§tx±. J!~tx±mW--=r 
~*~~B<l~WWJ~li~~-T~~~~mW-i¥1~ 

7JB~~7JB19J:*li'l1:±; ®Wlif§tx±, J!~tx±~!Bi:W 
B<J~7JB~~1-t~li~~~--1&19J:*tfJ111£, *"**i 
f!LmJ:,mt?t!BI:~.Ji#~Jm~Wll~*-'J":IF~B<JW 

~7JB-.7JBY{~~~~~f*o 

(3)~7HJ~tx±.~#!JPF~/fffU-Ttx±~W-. 

J!~tx±.±~~mt-=r~#!J~~B<J~#!Jif§,r~WJ;f§, 

-=:~~Hif§,~WJ;f§~-~;f§PF~[41 ,~JfflffLW-if§~ 

~ m ~tl?t~t~n~SIE~: CD~#!Jif§tx±, J!~tx±B<J 
ffLW-PF~~#!J~~~~*~~~f'Ffflo~~J.K;JJ 

n~a<J1&±mW-~f(tx±:r±~~J.Kv-n~l:5¥H 

~fi~fl5/ff!Bi:j(B<J~1t; ®7~WJ;f§tx±' J!~tx± 

B<JffLW-PF~~Wl~$1!-~B<JJj(~~M~o~~~~ 

mW-~~~-~, :tL~ t~*---5£Jtfl£ ,?t:fffm:oo?Bt 
~~:Jt~r~mt#!J~1Jl-Jffio:r±~WJB<J~~**im 

~~~~aMWM.Jti·~~i¥1~~#/ffWQ~ 

2.0m WB<J7JBYt:Jtl9-; ®-=:~~l·lif§tx±, J!~tx±B<J 
ffLW-PF~-=:~~Hmri!Uf#!Jif§Jti:W-tlto ~~mta<J~ 

•~•~7Hf~~•fFm•~.~~~PF~~mW

T~~a<J~1&~,tx±~~~fiJW~Wt,~~~'J"li 

:~Fm!J!U B<J~~~tx±~~f*, W~B<ltx±~tx± 

~~1& ~11t11t~~~~-~B<l*li·I1:±E1fllw;@ 

~WJif§tx±.J!~tx±B<JmW-PF~~WJ~r#!JJti 

-~·--~~~Wa?tMW!5*7Hfif§?t·B<J~~ 
#!JJ.KJ.K~~~mta<JWJrs o ~mt~WJif§tx±a<JmW
~~~~~.~7JB~Wll?Bt*-lik~~ooJ~11t• 

?Bt~B<J~ft±~ERllw.11t11t~/ff7JBYt:ltW-r~ 

rM a<JJti.~m; ®•~if§tx±. J!~tx±a<JmW-PF 
~-~~#!J~~WJ~tlta<J~~ < -mm~~~~~ 
ili~)~~Mf~~m~#!Jltik~W~mta<JA/ff~ 

:ltr11£~t~{!EB<J~JilJl~#!J~. ~PF~~mW-a<Jtx± 

?t:ffffltiii~~:JtA/ff:fL~ t~*---~fiJW!L¥t-. *7.Kt • ~Jti•~~ 11t:JtW-7JBYt~t~ ~ o .ut~r. ~~ B<J 
ffl~;f§~~~~~~-m~~W-~mt/ff~fltllli¥1~ 
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~~±o 

c 4 > m~#I~± = m~#I~±B9ml9-~m?Bt~ 

;f§~.~-~%~r~~~~~~~:fjtoffl~;f§ 

~±ii 11tm1Jt:fr-®~ r J](;,fn~~7.K~*I~mt:~F~ 
B9Sm.~®•m~~-·~·~~w~~m• 
J](~OOT~~A~~~o:tE~~L.~®~OOM 

J](J~11t•r~?Bt~~B9~*·~~*•B9#7](a 

~~~~mT~#o~~*·~~B{]#J](a~~ 

m~m.~®~mlf9•~~~1:f.~l9-#~~~~ 

*•B9~~~ml9-~o~®mf9-~ii#iliSr~ 

~.~%JJlU~~~Y{~±o :fr~®~~~ml9-~ 

B9r8.-~fl5~~~~~%~ .~at;ij;S~l3~ 

Y{#J~li~o 

:frL~Irn~~~B9~±9=' ,1JZ-Jffi~~±;,f!l~ 

~~~±%~~~1~.~~~w~~~±~m 

~;f§~±o~~~±~~m~~:fjt/F~Wff:tE~ 

R'- ,{Ei~*~~~±~B9L8~ff:fr-~Ifj•f1: 
~?Bt~B9±~o~±~~~~~~%~#±~m 

:ttm~~·l1:±~ll~.~JJ.ll:IF*C -~o- 3m)li 
Ifj1J~-11:~?Bt~o ~~%~~*Wl~r7](mr 

~,7](%-~, ~~JXL1t,#ftmf'Fffl ,)]3t£af'Fffl;,f!l{ilf 
~Jf~~ili{~J.lll1J£7JHtf'Fffl B9~~[2'l, ~Ifj•f1: 

~ ~~~~~ B9/F~Wff:tE~R'-: CDI*J Mf~IK, ~ 
®~IK B9~ r 7]( {ir:!;![f*!Btf*, 7]( {)}·~, ~ :J'tJmM 
B9*Wlf'Fm~~~r*m~LB9±~~~T~# 
~~?BtJJ.B9?Bt~~.!illl~%;®~~~1K.~¥!Hl~mt 

~~~B9~7](ffi1Jf'Ffflr~±~~.~®~!Kii 

11t~~~~?Bt¥WB9?Bt~~jJl~%~ 0 

3 *X±~¥~19tl~~ 

1*~1*l~±B97](1Jl-~~%~1~lim19-~ 

:fjt~~:frLXB~~~.W~±¥~L%~B97* 

Jtm:tE~~P#~~o Ifj!IJ~~~~rm ,)*~ 

11t~B9~±~~9='~~~1JZ-Jffi~~±;,f!l~~~~ 

±B{J%~~}#~0Mif9·~-~~*o•T 

~.*~~z~1*~*•~1K~:t£~~~0M 
B9~±M£WTOO ~xt~:ttH-rm~fil!~tl%;ffi o ~~ 
~0Mff:tE*t%~r~l9-1JZ-JffiZLB9M£.M 

£~~r*m:f;![f*!Bt~li~M~%~~~~~m 

B{]~±.~±B{]±~~~~~~;,f!l~~~~~~ 

±li%~JJ.ll*ofF~)*~~*~IKl3~U~ 

jijtffiZI'aJ B9ll!~ii:IH, ~~~0-~<1*~~~ 
0M~~JII.~tl (2004-2030 1¥) >~JII.~tl If{]" fL#A1itlM 
~" 9='" lrntl" B{]ll!~~ll~·% 0 
3.1 $X±(I{J~fiE 

*~~z~m~fil!~%;fJT~~mmB9M£~ 

mr1*~*•B9~19-1Jl-JffiL.~~~1Jl-m#~ 
:;&m~±.flU$%~~*'1\~Jf.B{]iEI~o ~fil!~tl 

wroo 5t.tlf9 M£~*~ lOOOm' ~r Jj( m:!;![f*~ 0-
1.3m, r{fi:%~7 0.50- 9.20mJ¥B9fi!i~±o l.!f1* 
£a*~rm, ~~~WTOOr {}(~ J¥1l9m B97*17<~~ 
~~~~;f,!i±(:!;![.f*)jt1!1!E*~~ 8.7-17.7m) 
;,f!JJ¥Jl6.9m B{]~Jt~~~?l~ ± ( :!;![.f*Jl1!1 IE 
*~~ 17.7-24.6m)M~~mo ~I*J%;ffi£a*~ 

rm, 7*1k~~~~~~~±B9***~ 4o.o%-
85.9%, :fL~ tt 1.068-2.3740 1r~~tJJiJ\~£a*~ 
rm .1r~·[;1c~~{lj:rlf91B~1J1l-r2.0-20.0kPali 
I*J~~jij1f-r2.6-15.1 o, ~ID£a·f:1C~~1ttrlf9~t~ 
1J 11-r 2.0-25.0kPa li 1*1 ~~jij 11-r 4.5-25.1 a 0 
liD £a iJt ~£a* B.lR , ffi t.ra-* ~ 11- r o.510-
3.521MPa-', &t.ramt1r-r 0.88-4.73MPao ~it* 
~mt~C~ 1), ~±B9~ti~·[1:~,~,1*fl~o 

.1MH~W~~--~~~~±~~~~~tt~~fiM~ 

U!fwJJ11H1:mtr- ¥flmi!& :R~-13c~ tm~-13c~ rm~ttt~ 

**-* rHJMJt fLI!Iitlt ¥fl~J! m~l! 
m·l1: ¥fl•f1: 

jjE~j] P3* jjE~j] P3* fff4a fff4a 

~itP3~ m~ m~ ~jij ~jij ~~ ~::i: 

w p e WL wp lp IL Cq cp. c,. cpoq av E, 

% g/cm' % kPa Jt kPa Jt MPa·' MPa 

il::k®: 85.9 1.82 2.374 74.4 52.4 38.1 3.20 20.0 15.1 25.0 25.1 3.521 4.73 

!VJ\®: 40.0 1.46 1.068 27.0 16.8 9.5 0.43 2.0 2.6 2.0 4.5 0.510 0.88 

¥-~®: 63.3 1.59 1.756 7.0 5.6 12.8 12.5 1.558 2.07 
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3.2 $X~}Ji:~fY!l~ 

~±~~~m~~~~~#~~~~~Ro 

B~M~~a_ij .~H'iiT~f'Ffflr~~±~~m~:ff 

f£~atm~,w~m~,rxw~m~-=:~m~~ 

R 1221
, E frJf£at fBJ _t PI ~tl ?t~MP:I m~ C I!P :f;tUfi!: f* 

!Ji$tMP:I:ifW9='~m~)5flliJ§"m~CI!P.:l:Ji$ti*MP: 

r~J#:m~rmm~)[231 ,f£~fBJ_tPJ~tl?t~Jt!!~ 

~m~c~~±Jt!!~f£~M_t$~~f*~m~h 

~~~m~f'Fmr~w~m~)f11~m~~m~ 

c~~•~mf**~iE*•~~r~~•ffmm 
~)1231 o f'F~f~m-r~±z_t~~oo~frf!~~~. 

~±~~m~:~tt-:tV~tl?t~~•c~:n~~)f11~ 

l( ( tz:n~~) *~~5jJ.tflf; ,~%:&:* ,~%~~ 

atfBJ-ff, -~7.K:S:~5fll~J](·~&~*f.~141 o *M~FJT 

~EU!tll$ff 00 m\1 r-~~-R, Eii~ ~00 ~ ~- 9=' 
•L'tt~tl~~~ 3.85mo ~IW*:IOC?t~R~±, 1W 
1407CI*J~~±~$:MJ~fl£,fBJ!Wi~W~H*~~ 

~•rx~±~ltflf;rn~.•=~a~•rx~ 

c tz) ±~~lt:Ml*r 3mH~±~atrBJ fBJIWi~~ 
••a~Tffl~~±m~m~~lt.MP:I:ifW9=' 

*mm~Eirff~:111!. f£m 337 7efl1m 3517C?tM 
{X_§_4ij{X:MJtz/E~3.41m~~~~±o ~~tl~* 

~a_ij c m 1). ~~~ ~itm~:S.:~tr~±:S.:~t~:JJo 
5fllat~~••w•Mmmaf£a~~oo_t,*1Vf 
~~~9='·t:.,~.~,m~:S.:a_ij~illfirM11J!tl. ~ttm~ 

:l:.~,f*f£0~~M11J!tl:MJ£~ili ~ "9='•L'--+~Jffl--+ 

~Jj!p"·M~flf;~*f~o 

50 100 150 200 250 300 350 

111 fBJ I 7;. 

lilt M~ltlfooa9~Htm~~ru~* 

(A-tr:~JI!II; B-tr:~m; C-Hr:f•L.'; D-:tlli1tm; 
E-tf:I1{JI!II) 

c 

D 

*M~m-r~±~~l$ffoom~Eir~~~frfl~ 
ti~ili-1f:atfBJ I*JJ!~~~tl~ 42~ll~ti ,]!.®~ 

m ~~u ~at rBJ rBJ IWi ~tf7)1dft£. r 2 )j!ij ~~~*tl5~ 
1 )j!ij C!!P~*4lJ7 7C~~-{X) o 1!1f~:iiW9=' .~Jffl 
MATLAB.2013a~f43f!lft T T1 (T=3651f:), T2(T= 
730 7() 5fll T3 (T=1825 7() _:::: ~af~tl ~ ~ ttm~:l: 

Eii~.Eii~m~~-~-ffllt:Ml~-~~%oM 

Eir~~-~~~~~tl{l[~:k*PI~~ili(I!J2),~Ei 

~~•I!Eiiru~•~~~~•~*~~~lt~~ 
( 00 2A1-00 2E1), ;t:f;{X~~~-1! ( 00 2A2-00 
2E2) 5fllffi~j! ( 00 2A3- 00 2E3) , Asaoka 1! ~ Eif~ 
~-~~~~tl:l:~*~~~lt#lxt~flf;C m 2A4-
002E4)o 

;t:&tim~~~tl~*, *M~3f !lft~W~Eii~ 

~*:!mrC~25fll003): 

c 1 )~Eif't~•I! = ~:n7t~m~Eii~-tt<mw JQ. 

x~[l3], E ~A 1=1 ~~~Eif't~-~~frfl# .±~ ffl 

-rm-Kd•~~s~m~~ru~•oEir~~*~ 
a_ij C~ 2 5fll 00 3a-OO 3e), *M~I$ffOO~Lc.~JWiE 
T1, T2 5fll T3 at~~ it m ~ :1: ~ 174.37mm, 
179.59mm 5fll179.60mm, ft.~)ffl ~ ~itm~:l:~ 
299.49mm, 305.40mm 5fll305.40mm, ~9=' •L' ~~it 
m~·~ 507 .08mm, 520.59mm 5fll520.60mm' 1i ~ 
)ffl ~ ~ it m ~ :1: ~ 372.77mm, 380.10mm 5fll 
380.10mm, /(j~Jj!p ~ ~ttm~:l:~ 210.89mm, 
217.89mm5fll217.90mmo i'ilft,~Sf't~-j!~Eif~tl 
m~:S.:iET1 zm~~~*· T2-T3 zrBJ~*f*~ 
l~)~~w~w~~m~o 

C2)~~•1!=~:117t~m~Eir~tl-tt<1iWJQ.x 

~[IZ], ;tt:fl!!i~-tt<m~fl!1~m~~•fti: 1m "m~~:MJ 
~1t£~~--~"~1=1!~~[Z4]0 Eir~tl~*~a_ij 

(~25fll00 3a-00 3e) ·*1Vf~l$ffOO~ft.~JWiET1, 
T2 5fll T3 at~ ~itm~:l:~ 201.78mmA65.91mm 
5fll2308.61mm, ft.~JffliE T1, T2 5fll T3 at~ ~itm 
~:It~ 375.62mm, 3087 .80mm 5fll-902.28mm, ~ 9=' 
•L' ~ ~ ttm ~:It~ 645.21mm, 55522.80mm 5fll-
1062.25mm, 1i ~ )ffl ~ ~ ttm ~:It~ 469.55mm, 
3883.78mm 5fll-1095.79mm, /(j~Jj!p{E T1, T2 5fll T3 
at B9 J: it m ~ :1: -Jg 244.92mm, 624.18mm fl1 
18359.51mmo {l[~~f~ JE~~, ~~-I!~m~:S.: 
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1112 ~fitJnr!Et9J:miY!IJ!HJ~OO 

(A-:li:~JI!IJ; B-:li:lil*m; c-lil*~9=l~r:.'; D-;ttlil*m; E-;tt~JI!IJ; 1-ref'~!HJ~r!; 2-~!HJ~r!; 3-m~r!; 4-Asaokar!) 

(3)mf£t! =~Jrt!~Wm~tm~tl-ft<:liif~x 
WJk[14], Jt£;z!s::Wi~1t<:li~£-Tj(f&£1W U'!l~Wi~ 

IW"~·*ffihH~~?:!'t1ttt~~mf£~~* 
¥" o Hi~~**~ (*2~00 3a-OO 3e) ,;z!s:-fi]fJ'E 
ltlf[Hf!W:ft~JI!IJ{ETL T2~T3 at!W~ittJL~jt~ 

197.09mm"379.45mm ~ 811.55mm,Li:B!m IW~it 
m~-~ 334.6lmm"683.26mm ~ 1576.53mm, B! 
9=' 1L' IW ~ittJL~Jt~ 557.93mm" 1144.08mm ~ 
2665.48mm, :t:JB!m IW ~ittJL~il~ 418.33mm" 
841.86mm ~ 1891.63mm, :t:I~B!P IW ~ ittJL~Jt~ 
236.29mm"457.76mm ~ 1006.85mmo Vl~iiJt~ IW 
~, 1~fii!~Wtvi~tlm~•mtBtJt~JJi!.tt,f*1Ma~, 

{ETI ~T2at~tl1JUXr~fllt~i!!Wtm~tl~*' T3 
at~tl~~~~t!&5l!irm1irl*ii~o 

. 26. 

( 4 )Asaokai!: ~Jrt!!WtJL~fm~tl-ft<:liif ~X 
WJk[IS], Jtm!i~-ft<:li ~«-}Eat fB] jig !WtJL~XW.~tl :&f*4 
Mitiig~tJL~t~m~~$" o M~~**~C* 
2~00 3a-00 3e) ,;z!s:-fiJFJ'EitJTWIW:ft~JI!IJ{ETI" T2~ 
T3 at IW ~ itm ~-~ 141.13mm" 159.26mm ~ 
161.99mm, Li:B! m 1W ~ itm ~:It~ 231.35mm" 
275.38mm ~ 285.92mm, B! 9=' JL' IW ~ ittJL ~-~ 
388.62mm"470.77mm ~ 493.75mm, :t:JB!m IW ~it 
m~-~ 293.59mm" 350.53mm ~ 364.88mm' :t:J~ 
B!P 1W ~ it m ~ Jt ~ 169.47mm" 192.24mm ~ 
195.99mmo {E§f~fm~Jrj!qt, Asaokai!!Wfm~tl 
tJL~jt{E Tl "T2 ~ T3 ~~tlf5J jl riiff£~~, JA Tl 
at~tl3f~a ~WiE~*l£$:1:5J!Bt1I£ o 
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ffil!\ 
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60000 _cj 
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gJt 1000 
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ffil!\ 
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~ 
ffil!\ 

~$$~'"'(;! iJ # 
111 1'8J I 7;. 

3000 _tj 

(Cl~lc$ ::;' "'(Cl iJ 
111 i'BJ I 7;. 

11!3 w1lwroo~~itm!*tflliru~* 

(a-ti:~)j!JJ;b-tclift Jilf ;c-hr:f=r 'L';d-:.tl lift Jllf ;e-:.tJ~JJ!p;f-l'lliTOO *$m .1JZ-;M:J{l[) 

~2 M~~w~~ttm:lll~:rnlllii!i'*= 

flli00:7J7! tc~JJ!p tcliftfilf iiftr:p,r., :.ttliftfilf 
iatt(il:i~r! 174.37 299.49 507.08 372.77 
~(il:i~r! 201.78 375.62 645.21 469.55 
m~r! 197.09 334.61 557.93 418.33 

Asaokar! 141.13 231.35 388.62 293.59 
iatt(il:i~r! 179.59 305.40 520.59 380.10 
~(il:i~r! 465.91 3087.80 55522.80 3883.78 
m~r! 379.45 683.26 1144.08 841.86 

Asaokar! 159.26 275.38 470.77 350.53 
ratt(il:i~r! 179.60 305.40 520.60 380.10 
~(il:i~r! 2308.61 -902.28* -1062.25* -1095.79* 
m~r! 811.55 1576.53 2665.48 1891.63 

Asaokar! 161.99 285.92 493.75 364.88 

~~:*ft~~~~~~~Bt5$~~~~m!*it,T1=365~~T2=730d~T3=1825do 

:.tJ~)j!JJ 
210.89 
244.92 
236.29 
169.47 
217.89 
624.18 
457.76 
192.24 
217.90 

18359.51 
1006.85 
195.99 

4 i>J~ 

:zis:MJl~Jmtx~ItJT oom~Br~tl aa~ ~¥Jmit1:1t 

JJt[§Bf~tl7J7*:frttJL~*fUEI¥J~#rm~IPJo ~ 95% 
~~mitaa~l¥1~m~.:z~s:MJl~#Brru7r7'*1¥1 

~#~~Brruaa~~~~~*l¥1~itJJt~ft~~ 

1¥1 ~# ( 00 2) a tLH~* 3 9=qrj ili 1¥1 :zis:MJlltJT OOB! 
ru !HJ ~ 1¥1 1t{it1:ftll (R-square) , iS ;f'~ !HJ ~7*Bf ru 

!HJ~I¥J1t{it{jtJJt:ft--T 0.9828-0.9947 "3jl-:1:1] 0.9900' 
~1~~JTB!~tl!HJ~~·~~tl:lt~*~~~itlli¥J 

-liE~( 00 2Al-00 2El) o Asaoka7'*1¥JBf~tl!HJ~~~ 
~ru •~ * 1¥1 ~it Jtffi xt!i1~ , Jtmit1:1tJJt :ft-r 
0.7387-0.8117 ~ 3jl-:1:1] 0.7664 0 )!)( !HJ~7'*:frJ~~7'* 

!¥1Brruaa~~•~m~tt~it•ll~*ffi~.= 
~ i¥JB!ru IHJ~1t{it1:ftll ( R -square )?t§Jtl ~ 0.9542-

. 27 . 
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0.9337 ;frY 0.9592-0.9394, ~:MJ{l[?HJU~ 0.9425 ;frY 

0.9479o .-J3~r.::zls:1ilf~%i!B9tx£WTOO/FIPJff!Slli.B9 

m•M~~/FIPJBM~~B9M~ft*~~~#, 

:)tjt~Asaoka~BM!HI~B9m-%17tll:&i:k{i[l:§:iji 

Jj\{l[B9~ 0.0730 :&i~ ~11 0 

~3 -fiJf~~ilfifJ!JY!U!IIltlHl{JfW;~·fjtJ.l(R-square) 

ttHt:1fr! ie:lltB!P tclil!frli 1m 9=t J c.' 
~aftHII~r! 0.9877 0.9908 0.9947 

~H!J~r! 0.9542 0.9337 0.9426 

m~r! 0.9592 0.9394 0.9462 

Asaokar! 0.8117 0.7399 0.7387 

%i!tx£M.:I:B~tl~~B9M1rWJll29~~ 

WTOO~~M~B9~#W/FIPJo.m001;frt00~. 

::zls:1ilf~tx£WT 00 B9M.:I:£?&/FWT:It:1Jn, {E!. m• 
~$~~~·Wl~B~ili~TOO~B9~~#~~ 

-T~~o ~Bru~*9=' ( 00 3a-OO 3f), ~!HJ~~;frt 
m~~~*1ilf~~•mzmBruB9m••£~ili 

~-:ft~;frt~-~~{l[(~~%ft~~·*& 

5!!i) , J!--"3::zls:1ilf~tx£WTOO~~~tlWl ~ ili ~B9m• 
~~#~~-T~~OO~/F~o-~L,m~aa~ 

~129Vt!f~I29:1(11J!J~W-'il'~B~tl~**"fDll:i!~~ 

Plit1[2SJ, W~!HJ~~M1tT u l:§TZI'aJB91~~*~HE!. 
~Jl~:k,~±~~;frt~~~*~*~~-'il'~tx 

£~~~:k~~[26], J!%~~Wt~::zls:1ilf~BWTOO~ 

MMzmB9ru~*ili~~·~1t#OO~~*~~ 
~~tl~*~1t~~B9-::zls:l*f51o :f§&,Asaoka~ 

;frtief'~aa~~B~ua9m••:MJ~tt:lt*#~WT~ 

-T~~(OO 3a-OO 3£) ,J!l:§::zls:1ilf~9='~~tl~*B9~ 
{t~~£;;$:~-%(00 1;frt004a)o ¥~L,£f&As
aoka~B9Bru!HJ~l:j~~·-~*B9~-%Jt;frtm 

-%17t1l:MJ!i{l£( 00 2A4-00 2E4 ;frY~ 3), ffiM.B 
• Mf!W ,g" fl!l ~ 3f 1m at B9 m • ~~tl !8f t-t JE?t" ;frY 

"fl!l ~ Jtw~Jt!IJ 60% ~m, mt~~~~!IJ~M B93& 
*~o~M~aa~m-BM~W~.m-MW9=' 

m•tl:§atraJzl'aJ£ "s"~** at ~P~~Jtt~~~M 
B9m-%3&*~o~~.~aa~~;frtm~~B9Bru 

~*--"3~~~•~*9='mMm•~~#~~-T~ 
~B9~~00~/F~, Wief'~!HJ~~;frt Asaoka~--"3 

::zls:1ilf~tx£WTOO~~~~tl~*B9~-%Wllt&~ o 
::zls:1ilf~m-Bru~*~~*ffl/FIPJBM~~ 

B9~:MJ{l[,J!~~~/FIPJBM~~B9~·~:1(/F 

IPJH {lt~zraJJt.~~~~y-B9li:fr3&* o ~umie 

. 28 . 

tllil!frli tl:lltB!P -'f:MJ-M: ,MMax-Min) 

0.9942 0.9828 0.9900 0.0119 

0.9376 0.9443 0.9425 0.0205 

0.9449 0.9499 0.9479 0.0198 

0.7484 0.7932 0.7664 0.0730 

f'~!HJ~~,~!HJ~~,m~~;fr!Asaoka~ll!If'ft~~ 

B9BM~* ,;;$:1ilf~it-ili T llYf'PB~tl~~B9~ 
:MJm •m < ~ 4 ;frY oo 4h- oo 4£) 0 •• oo 4h- oo 4£, 

~aa~~;frtm~~B9B~tl~*B9*••~-tt~Mll 

M~-'il'~ llYf'PM·B~tl B9~:MJm.Bru{l[fitJ*FOO 

~~~ ( 00 4) , J!--"3::zls:1ilf~tx£WTOO~~~tlWl ~ ili 
~B9m•~~#~~-r~~IPJ*F/F~(001;fr!OO 

4a), W~~IW~J&9=' ili~J!*'f•lfi£B9%~~·11:* 
~P# 'J"o l:§~IPJat ,::zis:1ilf~fl!l~3f:Mtata9m•~ 

M!8f*'l-JE?t, m•~~tl~*J!.~~MB9"s"~M 
~, 60%~LU'!I~Jl~Mi~Bff;frt*:it-1:f.MI'aJ 

B9M·M~~-~~~%~-,ga9,J!~~TM 

f'~!HJ~~;frt Asaoka~BM~*~Jl~-%~~~~tl 

~*~~B9~JJx1to ~~.::zls:1ilf~~i)(*ffli8 

f'~!HJ~~;frt Asaoka ~BM~*B9~:MJ{l[ fF~ii~ 
m•:I:B~tl~*o ·~.::zls:1ilf~tx±i!£WTOO~ 

T1, T2 ;frY T3 MB9 JHtm••B•~**~~ft.:!1t 
Jj!p 157.75mm,169.43mm;frt 170.80mm,ft.i!~B9~ 
itM·:I:~ 265.42mm,290.39mm ;frY 295.66mm, i! 
9=' 'L' B9 ~ itM •:1: ~ 447.85mm, 495.68mm ;frY 

507.18mm, :1=1 i! ~ B9 ~ itM •:1: ~ 333.18mm, 
365.32mm ;frY 372.49mm, tl:!1t)j!p B9 ~ltm•:l:~ 
190.18mm,205.06mm;frt 206.94mmo 

~ 4 -fiJf ~lfiii ~ ~Ht))l:i!*~fJ!JY!IJ t!i:~IPJ!-:Mlft 

-'jl-f&J{lla 178.59 310.27 524.71 388.56 215.39 
T1 

-'jl-f&J{llb 157.75 265.42 447.85 333.18 190.18 

-'JZ-f&J{lla 296.05 1087.96 14414.56 1364.07 373.01 
T2 

-'JZ-f&J{llb 169.43 290.39 495.68 365.32 205.06 

-'jl-f&J{lla 865.44 316.39 654.39 385.20 4945.06 
T3 

-'jl-f&J{llb 170.80 295.66 507.18 372.49 206.94 
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004~~~m~*m~t~ru~*~~~ 
(a-~~lmtl::i:~;b-ii::lltJI!Ii;c-ii:l*ffi!;d-H9=t•C.';e-til*ffi!;f-ti:lltJI!P;~~~a-llY#:7fr!~ru~*IW~~~; 

~~~b-~Sf'~II!J~r!lll Asaokar!~ru~*IW~~~) 

5 !i!i~ 

(l))*~I*J*X±~Ii9~~!i1UtmnX;YF~~~ 

~~0 tlJjii!~*X±--~JJf:~*X±--~#lf~*X±--rB 

~~*X±~)*~I*l~~%W.~~~*X±~~ 

IV. ft(tJU,g~:JGtl %jj A~~ § !f.f.~ li9~-t-Sir.~ o 
(2)*1i1fJE0mt~OO!i9*X±±~jjf,if!J(~VJt 

~191:~ 191:~ ±li !fml!ltfJ~·!i!W:~~ 0 ~ I*J %ffiga 
*~~, i**X±Ii9*7Jc$jj 40.0%-85.9%, fL~ t~j 
1.068-2.374, :a~t1c~~{.tj:rli91E~h11r 2.o-
2o.okPalii*J$:•1H1Ir2.6-15.10, fi'!Jga·l:1c~~{.tj: 
r li9iJE~jJ 11-T 2.0-25.0kPali 1*J $:~jij 11-T 4.5-
25.10 ,.ffiJili*~11ro.510-3.521MPa-' .fftmm:S: 
11-T 0.88-4.73MPao 

(3HEH'~aa~r!~ Asaokar!lf~mit*MJE 

FJTzBt~tl~trooli9m~:S:Bt~tl o Bt~D!tlga*~~, rs 
f'~aa~r!~ Asaokar!--!3*1i1fJE*X£Wl'OO~~X!I!~tl 

ga*a9$AAm~~~#~~-T~~a9~~£jj~ 

it, Af*JJf: 1291!11!: *MJEWTOO fi'!l ga:tf~ a-t a9m~ 
X!l!~tl:Bf*41E%" m~XW.~ga*A~t3t:tlfli9"S"%*f 

~--••Btff~*~-~m~a-t~li9~#•~fi'!l 
gaJ.t~iU 60%1V.$ o 

~~jcjij; 

[ 1 ] J®tli lll ' * ;fli!if . :t£~7JIJ fF Jlff*X~ ~·ii± 119 5!i 
lt1itJt':ft~~~[JJ.IW~~- 1981, (01): 52-54. 

[2] :XIJf'~~, I*OO:itf .:!lfJE)C. ~OOiWi:it0Jm*X±:tl!!~ 
5£t:fll!:ft7fC:it!:Jft[A]. ~-tllY)lij 9=' ~f-1.-fm.-f¥~~ 21 ~~: rlJ 
JRiWi:it0Im-tt7!C-€tl~~±ittx~[cJ. 9='00: riiJ~t;o*Et. 
2012: 1-8. 

[3] ;fhJJW!:ti:.m~JII!L*Jt~~- *X±:fli!~~IW[M]. ~t 
]1:: 111!191: 1±1 Jl.&f±' 2000. 

[ 4 J '**~. -m~st~llE7M$JR*X±:tl!!~m~~ru1itm 
~~lmtl~~OiM±$-lllitX.~!iilf: :XJJ~~)[D]. *t&: *t& 
:fli!.I::k$,2009. 

[5J lf7lt.£tt~. Mt~~:1fm~~W~mtmH~I1itX>JJm 

. 29. 

IL 

II 



_jj 

II 

20111¥~ 1m 

oo3f~~~Piitl?HJT[J]. rp~~0Jm. 2006, (03): 39-41. 

[6] Huang D,Ai Y,Hu J. Finite Element Analysis of In

fluence of Soft Clays Creep Deformation on Highways Road

bed Settlement and Widening Engineering[]]. Journal of China 

Three Gorges University (Natural Sciences). 2014,36(2): 56-

62. 

[7] 1*11<~. ~~~*tlt:&ID:IIl:[J]. 56iit!:Jt!.(~ 

~-~~).2012, (07): 122-123. 

[ 8 J fP¥rJ ~. $mfilf~ffo Jlrf li.lm--*X±:li!!l!igaf'iJ f* 
*ZSIJ~PiitJJ.l\I?HITC®i±~wi~X. -'i3'<l)jji: .:Ef&1<Jtl) [D]. W 
Rb: llftibJ!i!.I::k~.2014. 

[9] Zhao H, Hui Z,Lin J. Study on Soft Foundation Set

tlement Analysis and Treatment of Bridge-Head [J]. Ad

vanced Materials Research. 2013,779-780: 632-635. 

[10] *.ll.·~**·M*¥. ~~~~illli1M0B!*X±~illli 

:f:l!t:1flml!i7JL~itJHt:li!!l!i6l!:JII!.:1fr!%;fff[J]. I~!b~. 

2010, (Sl): 242-247. 

[ 11 J rm:li!E. 51EEC$. S-ft5R. 0Jm*Xl!iiJ§"rJL~1i!f 

~:it!:~[J]. :¥':1-;fi}J~.!'!JI~~m_. 2006, 25(S2): 3449-

3455. 

[ 12] Tan S. Validation of hyperbolic method for settle

ment in clayswith vertical drains [J]. Canadian Geotechnical 

Journal. 1995,31: 125-131. 

[13] $~JN.•oo~. rsf'k(ilj~~~tiElk;tt:tEm~'Bif 

~rp~J.l\I.ffl[J]. 11!./X~j}l:::k~~m.. 2001 ,23(01): 30-35. 

[ 14 J ttYflt~. *~~.*~!E..~. :ll!!llim~-n-~mfi 
(ilj~DG-@-r!lk:itill.ffl[J]. ±Il!ililll. 2005, (01): 54-56. 

[ 15] Asaoka A. Observational Procedure of Settlement 

. 30. 

Prediction[]]. Soils and Foundations. 1978, 18(4): 87-101. 

[ 16] ~1m-¥ ,:XIJJli*'J. ~-i!R*X±B!l!i:&ID:IAA!.?IM.!'!f~ffi!J 

[J]. g(ff§t~$t. 2002, (02): 39-41. 

[nJ xJ'ln. ~:m;!J<6l!:m*Xlli~fr{l[~m1i!f~.!'!fill 
.ffl(:wi±~wi~X.-'i3'<l)jji: :fmJJ~)[D]. W~: ~~~I~::k 

~.2010. 

[18] ~~n.51E~~·*n9=t.l*!fr~ngillli;M0Jm 

~*X±lml!i~7JL~'Bif~tl1i!f~ [JJ.I*x)II!fb!Hit#~~ 

~m.. 2016, 15(03): 1-5. 

[19] ~w. ~nmw::km:it!:mliBtt*Xllim~JKr~~ 

'Bif1!i(:wi±$~~X. -'i3'<l)jji: IFX*'J-ljZ-)[D]. *tt': *tt'JII!.I::k 

~.2007. 

[20] *grr:p, 51Ef~~- *X±Jftf§ ,*f•I1:Jk:it0N!B!lli 

!b~*mtt#~1i!f~:it!:~[JJ. Wl¥i0Btt. 2o16, (3): 9-13. 

[21] ft-ffl"~.liJ!'ie~*X±:li!!l!ii~~·I1:1iJf~(:wi±~ 

{ft~)C,-'i3'<l)jji: ft*~)[D]. *tt': *tt'JII!.I::k~,2009. 

[22] *l¥i*-~.#Jftr::k~.WJI¥i::k~.~- ±}J~(~3 

#&)[M]. ~~~: 9=t00~$ti~i±l#&f±,2010: 1-318. 

[23] ~Jijf~. B!m*Xllim~~'mfr{l[?t;fff<:w!±~w 

i~)C.-'i3'<l)jji: ~jtt()[D]. jt!m: jtfH::k~,2006. 

[24] ~.=tr.:#. r~. Jml!im~'Bif~lk:tti~illm[Jl. 

1hfN::k~~1!i( §~f1J.~#&). 2001,4(02): 75-78. 

[25] illli~~.~~~.ft~)Ji. fljfr(ilj~r!{E*X±:li!! 

l!im~'Bifrur:J:t~ffl:-ft.!'!fill.m[JJ. x)lf.'l.~.!'!fi~. 2011, 

27(02): 1-5. 

[26] frfl~~ .xiJm'M. 0Jm*X±:li!!l!im~tt-~lk'Bif~ 
~~it[J]. 0B!. 2004, (08): 216-219. 

IL 



_jj 

II 

20171¥~ 1 Wj 

~~lfl,2 

(l)*:fll.lr.±*IW~~lH~"RJ 2)*!.i~56miW~~~~I!&0"RJ ,)fN 511400) 

mi ~ = ::2js:.)C:Q]Jlit tr.~ ~*%1m K140+865 - K141 + 155 :t:t 1Y!~~¥fll!&±:it1:11t:itH1" T ?ttfi:fll~J11HiJfJE , JM:i:fxt~ Plitl 

~¥fll!&±:it1:11tliJ£·11: 1:§ ~ B9?ttfi. ~il-:JN.~WJ~.wt~, X>t*-:it1:11t/Af41:7J< ,:f1tlt ,:f1t~ ,:fJn ijlij, ~f?~::troo :iti:B T ~ 
JJIHiJfJE, :Jft£1±1 T fl-X>f•I1:B9~Jll!tMflllE,~::2js:.~ § Jtft!?.JWi¥fll!&±:it1:11tB9~Jll!t£f~~~ a 

*il*: ~¥fll!&±:it1:11t; ?ttfi; ~Jli!WFJE 

1 I~II/,R 

rrn ~~ ~!Wil*0Jmml w IK 01m. tt11t~~. 
I;fl!Hlti[~y, A1'Jfflljjy, Jf~JEf% ,GX;~~Jm!t 
iWi Jti:Ilt ' Jt 9=t 1m ¥JJ.]J( ~ _t iWi Jti:IltQi 80 ~;{tt 0 ~:Iii!. 

%, :li!!.~:;f'Hi, :#J ~Jfl.:li!!. r JJ( ~ 12S1 ~ 1¥.1~ u[ii] , ill"~ 

~ Im~Jti:Ilt#tk±~/F ~:li!!.mt ]J( *f1;fdi:B-± :ff : 
w~,fl'f:llt,:B-m,JWJ1!f:±,jWj~~±Jfl.tr~±~o 

lLHi!h~fli~.K138+420- K147+280!I!W.§( 
~l'[:)t;fiJjWj~~tl± ,JJ.:ff~JWJj!f:•[io 

20151¥4,5 Jj {)t:Wj['§j~f:IIT11~&*· ~;{lt!Wi~ 

~±Jti:Ilt~m*•~-r~~m~.*~~• 
K140+865- K141 + 155 {i~tlllY¥JJ.Jt1:f1turn::Jt;ffffll 
r€1 :F1I! 1iffJE 0 

2.1 ±tkJf~±tkfl 

Jii:Ilt{il-T{~~Ji~IK, :Iii!.%-¥~ .:lltf*:li!!.IDtj 
iWi 95-118m, ilJ f*;f:t1Jt~lf, #f!*11tf~, Jti:Ilt 
:li*~Jl~ 24mo 
2.2 ±lk19i¥il~ 

~m~~:li!!.mt~~.Jti:Iltr$1'1~~~~mt 

1i!f-:B-, ±~1J:Fll! 45°-50° L88°-90°, 125°-150° L55° 

-60°,130° L9°, 75° L20°, ~Jgffl-ft~, Jii:f1t~{iz:JE 

rPJ292° ,Jt1:11tfwtrPJ202° ,:JGHJH!~./F5fU~:#JID o 
1.3 ±tkm~·t1&~Rl~R±~·t1 

~M!h~~~-J. Jfl.~i:tJH·~:li!!.mt~1!t, :lti:Ilt:B
·11:±~ 1'1trm-@.~ mt~±, 1'1!Wi~~±, £~JW'* 

·11:, -¥JJ.:Iltoo 9='$ ffii$mfl1'15£~~~mt1i!F-:B-, £ 
~m-@.,li¥#c~.:B-mt*X.~!!1l:~~ 0 

K140+880- K141 +160m; IE I*J 1¥J-=:1-f.li1L* 
*F~:Fll!·!imtmtj:JtJJU~: XGZK98 f.li1L±;f;F~~ll 
57%, m ~tt34.2%, :X~1~7.K-* 37%, § m JW-'*-* 
72%, !j\-'f 0.075mm ~;.&1?11 68.6%, ±;f;F:Jt~Jg 
1?1£P!Wi~~tl~± ;XGZK99f.li1L±;f;F~~50%, m 
~ll28.7%,:7\:~1?JJ($31%, § Eb!W$:$79%,1]\-'f 
0.075mm ~;.&1?11 87.9%, ±;f;F:Jt~JgjWj~~~ 
±; C5GZK4 f.li1L±;f;F~~tl63.4%, m ~tl24.3%, :7( 

~1?JJ($ 36.8%, § Eb JW$:$ 40%, ±*F?t-~1'11? 
1£PjWj~~~±o 

2.4 7.1<Jt±tk19i~Htf 

IK I*J 9. f'*iffilfll • m 111EW • :11t f*:li!!. r * ~ru~ ± 
~ 1'11LI!1Ji:JJ(Jfl.£:B-~1!1J!:JJ(, ~*9.~**~~, !JJ~ 

*JQ.:li!!.rJ.Kmo 

3 mt~~~~~t~ri,R 

20151¥4,5 Jj {)t:Wj['§j~f:IIT11~&*,:1t1:11t~f:IU 

JJ( I2SI ~i~ ~ r , ~-, -=¥l1:11t ID 1r. ~tl,-=, -=:¥JJ.:Ilt 00 
9='$mfl~~~6ltffii$~~m~ ,JQ.JmJt 1,2,3 = 

. 31 . 
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4 ffi'i;}jjt ~ ~*JT 

4.1 7.1<a~~~ 

1) rl'&~~&±'~t7J<J§m:tn£J.t~11£, §m*r!i~ 

}Jflli*J'*~}J, w;J~~~11£o ~tfMITJJ<~A.±f* 

P&7J<~~t-F!fll, ±f*I*JfL~9:ffi?mX'J', fL~7J<ffi}J 

:lt::k' ±~lEi] P&}J ~Jj\ '~~± f*~ ~}J ~11£; -N 
~ ,7J<?tt£±:li@!~~OO%Jli(;~!JnffFffl, 1*1-'*IHa?mX 
Jj\ ,~{!I*J--}J~1!£o 

2)(Wj~~±P&7J<~J*,~JJ<lf1(fi ,_tz::~Jf~o 

:11tf*7f~J§, i&~JJ<f*A:Iltf*I*J$, xtJt1:11t~JE·I1: 

:$:)l\(;::lf' ~ J ~ P[lij o 
3)1Wi~~&±*7l<ii~Wi, P&JJ<J§sl®:lltf* § :m: 

:lt:fJO, rffEJJ:It:fJO o 
4) :lltJI!I! ISM"ili~ W-JJ< , 5.ill1e11£ , xt _t $:11t f* 3t 

fi}J ~11£' ~ t:~~::k1e% ':$:)l\(;~~ 0 

4.2 ~I7f~~~~ 

:11tf*7f~mir~{iffJJ~q:r~, ~{iff~!11®:11t 

f*w#~f!lmJJ~~a~.t£:11t$~~~*)l\(;m 
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JJ~9=', &Pt£:11tJI!Il.&:l1t~~.:tEMITJJ<E51~iJ§~r, 

:11tJI!I!.&:I1t~~~ t:~ nf:ll 0 

5 ffi'i;)~J-'if ~ 

IWi~~±~Ifi_t~Maft*±,§~~~ 

(Wj~~&±~1VfJ'E±~~9='tEIWi~~&±fF~Jm~:fj; 

*'1-~JmmM·r.:Ef!la~:noo, rm~r~Wi~~±Jt1:11t 

~JJ!t1J[Hf~1j}fJt~Yo t[~~J!0J'm~~~Ji±Jt1 

:11t~J.m1VFJ'E±~~1t~'lfuiliifi:~Jt § o_.__m~Jt 
0Jm)_t~~~±Jt1:11t~}Eft~~E51·~··ft 

1VFJ'E~;f-t1Vf Jll(;* 'f-}1j}fq~l:fj ~ga~~: ***':llt 
J.l,:f1t~~~E51·~~~~±Jt1:11t~JEft~~B 

if , 5-' ·r.:Emt, fs t~ tt , Jg J*jij .& m: :nL5£1l ~ xt ~ 
~~&±J11:11t~JE·f1:~nlnJ::If'Bi!f o X-*±~}A ** 
$,:f1tJ.l ,:fltrwi ~ ~m•xttr~rwi3!0Imrwi~~± 
J11:11t:llHT~ 1.11VFJ'E o 

1)7J<~rl'&~~±~::k\!&,~JJ<q]i~-o ;H!1,ig 

r--m~Wi~*41Vf)li(;='=PI~ = ~***:it~J-JE-mat, 

J11:11t~~-•~M?mX~.#~***~:It~rm£ 
ili1i~~r~o .m004: 

2.00 ...-----------~ • 

1.80 

~ 1.60 

4tl 
{j:\ 1.40 

1.20 

1.00 l--L---'----'-----'---' 

10 15 20 25 30 35 

1114 *~*'llt~1~7.K$893a1:11!1~ 

m rv, , xt:llt f* 1*1 $7l<.&i&~JJ<~®!~J.m, .&M 
11~ ~:llt f* 1*1 $7J<f!l i&~JJ< , ~PI~~ ?mXY'i&~JJ<~ 
A:fltf*o 

2) ;tim r--mrwi Jt*41Vf Jll(;* PI~ = :11tJJrxtJt1:11t 
~JE·r.:E~tfBi!f~nlnJ . .moos: 

1.90 

1.80 

~ 
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4tl w. 1.60 

1.50 
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l!.ifitr:lltlt 89~:1Ju, :!(~*f£:JiBrr1r~m!r~, 

~~--~-~-JJt.~~~~~·~~-~~ 
1{$, ffi.il1fj~15f!±If:j!'jiJ!:lltlt~~, ~~fbi ~t~ 

uij~It*, ~Il~llft Jl:~R89:11tlt, FJf ~ :llt!Jt:fl:~{lf:~ 
W89·tifl£r • ..@'.~00~-R: .lft~m:~;ma&~te 
~0 

3)~1«};fifi*ii!#ifJiX:W:~~ ::llti*ixt~:llt 

~)l:·[i:flfft3t~Ujlij .~00 5: 
2.00 

1.90 

1.80 
~ 
~ 1.70 

~ 1.60 

1.50 

1.40 

14 16 18 20 22 

1116 1<~~1t~:llliil1!ill9~~1t!J~ 

llltr:llt• ~:l:l:hn, ~~~ fl~:UIMJ: 1!!1~~ 

~m!r~.JW~~•-~~~~Mo ~**~~ 
~·!ftsLr. 1if~:l:l:kV·~~N.~11t~:l1t4i~:l1t~ 

!l . 
J, tl!lNHPAoT!-. 
2, *tl:J ll*!l\U(iUUJ,(2JiMU!lf*, 

K141+020 ~!OOlUf @}n 

.I till L=II .So 

:11tii1Jj , - Jl:.J'C1:1E!~:I1t?t~tlJ1X$1'"~~:11t, ~* 

T .lJl-~ xt .-tJfl~~-89 x# iJ , ~'J" T • .f*xt:llt}J!fJ 
89 ffJJ , lfiJ Ef;j~d> T r£:71< lti~, t$;$ T Jt!!~J.kxt:llt 
Jti89?lJrMJtla 

4 )·JJ!IJ~~~l.l<, ii!diH~JJ- 9=t R:, ~~·~ 
tW$~, ~ F~*~ID ffff~~, FJf ~:fl::llt}J!fJ~m:ll£ 
n--)E:IJu fli!Wtxf=i o 

6 ~ti1(:UJ.nt"Mfi 

~~iftij:ilf1i]"~: K140+865 - K141 + 155 .:t=J.flj!~~ 
.:lltF.fi~ 24 *, Jtf!;m}jL~, 7f~lff B~:2fi::mnlt& 
:l1t, ~ ~ ~~ .f*J:3lUflft{:l1tftP~~7€tlJI!/J~o 
6.1 )t;t:li~Dl!J 

*~:lltB~~wt:t; .73R.±.~il~~r.UKP!tl: 

1 )J.lilf4!-~lll!.:.ll.!!PW ll:7f~ .xttl't:i;$-Dllk~ 

~:ll£~Mffll, Mlll: m 71<~ A, :11tJJ!fJ~:ll£B:Jt~& 
ff, mll:~:m~wt:t;;J£-~~Hla 

2)/J~iiit:7€tJJI/J~~m.;OO!I1iJB ,;OO!I 
~:l:~r~trJ .~m~wo 

3)-7X~7€t .~flilff.~ o 

1191 

(3) 

1111 ~ttt~rmm 

6.2 ffli;)t:tf.lm'lia 
i*i~ill!ll±J£~7t·!i-E-± ' •fiJi:~~ , frf;f't!t«Jt 

~·Y£:« tr ~·!i 89 :ll!:fi7ttm. ~~~ tttllHfl151!± ~ 
1~L Jk~ fbi~ ,Jt!!~ -E-·!i , :!tf!ID:Itk~ , :lltJJt, .llli .& 
X>f ltl*iiit/J~, 1tt)EX>f* ~:llt*JOC ~ r */Jlti 
~7€tlJI!nf;OO!o 1*~ Jk{t{tiiift1t$i"Jti~OO 7: 

1 )f-l~ll<nf;OO! 
:a:-~:11tmr~.fUltlii~txf*~f41.:ll£fif-l~*. m: 

Jll K140+865-K140+995 ~ K141 +063-K141 + 155, 

4l'J6mii~-it.~ 1.5m,~ 1.5m,f-1~7.k~*JfFf.@J 

Jt ~Jt::IJi, ffl?i$~WC;Nfl~~ :IJiJt:lLM, f-I~J.kfi!~~ 
7.k~f41~ZooMru.&4l'Ja~~mooiii&~m 

(M~ ) . &~~*ffll&~~~Jfl~~ .~~J!J 

a. 15m; 4l'Ja:l1t:l1tJJ!I!iii 3jL ~ JlltJ.k 141 , .lJl-~ f-1~ 7.k 141 
iii ltu M 1'-/J ltu f-1~ 71< , :iltnt~ 2%; ~-:llt lti 4l'J ~ 
50m iii - :itt f4!- mt.M ; ,& Ef;j f-1~ ttl :ltk~ *~:1m r 
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*B%J1X&:flt,~~;fiX:fltffi!J~I¥.J*{lj:o 

JW-:Jr~i&tit:Wt~: -~:WtOO 1:1.25, -=---~---1m 
~:fltmf:f:1J~ 1:1.5o 

)]{ i&tit:fltll B /Fti JEJtl:llt~~·l'£~*, ~ ~ 
,J,mt f* ---r nr .n . m iWi Jtimt 1¥.1 § ~·11: • ®txt Jtimt:~ttn: 
W::fiXmtffiP~, fit1ti&!itJti:Wt:Wtll: -~:WtOO 1:1.5, 
-=---~--- rm~:Wt00:1:1J~ 1:2o 

3 ):flt~i&tit 
JW-i&tit:Jr~~~:llt:llt!Wi 6m, r~~it:fll!' tt~ 

)]{ i&tit' :Wtll:bX~Ja ':fi::k:llt!Wi i:11.£*&1t: '~{] 
24mo 

4 )-1Jl-~i&tit 
JW-"i&ttt:Jr~:-~1f~~3m,-=~1f~~6m, 

~~-1Jl-~~3mo 

~m!WiJtimt~~tt.reJtimt%MJ1X~~•Jti 

mt , :~t:bo -v-~ xt 1: $:Wt f* 1¥.1 xff JJ , *iX fit 1ti&ttt 
:ft:k-1Jl-~~J.l:-~1f~~6m,-=~1f~~8m,~ 

~-1jl-~~6m;m:k~ftf~~ll.tfh:k~4mo 

5) to I'M n'f:Df[ 
{E-~:flt009='$JiU$mil K140+995-K141 + 

063 li!W7G:!II .11ii*'I1:~5!JXL1t}J(l9J:ii!f-* ·*ffl 
11.5m *Wiff Jk~~:lti:D-:bo I'M; 1£-~:lltOOM-PJ!tl 
K140+865-K140+995 :fl1 K141 +063-K141 + 155 ![ 

wm: !ll:fltjj!p5£ri&til czo ~~:~t:~ttn: x~:bo I'M o ~ 
:lii&tit Ji!. 00 9 : 
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#ffili'U 
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M7.5 IW 0" 
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~!l~if.t~I?Jjtp ,-~:flt00K140+865-K140+995 

:fl1 K141 +063-K141 + 155 li!W7G: Ill *ffl30cm JJ. 
M7.5 ~:®J}f~!-tffit?OO ;EJT:flf~ ---~flf~*ffl 
10cmJ!JC20~!fffl o 
7 ~tt 

$7.)($,:fltll,:flt!Wi~~n[itj!W;~~&±Jtl:llt~~ 

·11: 1¥.1 ±~ f5l :# , ji:l:fxt J! ® f5l :# 1¥.1% ffi:fl11ilfJl , £a 
it:OO~!JJ1!tlftiJ~~$1-, *)C*JOC T I?JJ1-I~7JC:bX:IltffiP 
~ , t-t 17J] -v-~ , mt J)!p to I'M ~ :JJ ~ xt K 140 + 865 -
K 141 + 155 1:t -PJ!tl 1m ~Jtl:flt:ltt;ff T% ffi:fllrit Jll! , ** 
1¥.1 rtt :fll!n'f:Df[ ±~ :flxff~ ~, :UJc~Jtimt, to~ -v
~ ,:fltj)!p~:LtAf ,!fffif-~~ o !Wi~~±Jtl:lltiW·I'£ 
mJ:~~ , ~m f5l :#~nritJ1&:k, rit:fll!n'f:Df[~f*~ o 

rr~!Wi~0~1Wi~~±Jtimt.iErn7.ki¥.Jm~ 

r, :k$%B~1:.nl'~, *)C:l2\;JOC K140+865-
K141 + 155 :t:l-PJ!tl lm~~~~&±Jtl:flt:ltt;ff T~il% 
ffi~rit:fll!1iJfJl, *1fli § ;lt{i!!.!Wi~~&±Jtl:lltltJ*LHI 
~~·If{£~,~!«* Jtl:fltrit:fll!n'f:Df[:ltt;ffrit:fll! 0 

~~jclJ!, 

[ 1 J~:F!Sf*. 7rf:llt?HJT !§ ~rfl [ M]. :!~;?:: 9=' IE~litl::l 
Jtlit±,2001. 

[2] *$A~:!Hil0056i$. <0rutHNit~1~](JT
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[ 4 J :XJJJil9fl!f. m'i:r. ~~~&. :fi~. ~~~S&±Jti:flt~ 

)£·11:~ nlfij ffll ~ ~f!&~·I1:WFJE [J]. ~3R~3RI:f£~1i, 

2014,34(5):589-596. 

[sJ~ JX. -lff*~:lt0Jm;~tt::k~m:lltr&witi89?t:fff 

!§.l!l~[JJ. 1*0rurxw.2ou .m3:M :69-73. 

[ 6 J :it rm rm. it :It 0 JmJti:fltJXI. ~ ?HJTfllllilffl [J J . I 
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~tifWJ: ~ij;';jliljit;trf:W:;ti:li.GXIEJ ;6ti:7a1i~ 

1 51~ 

Jl1ilfU~~~m ~~, ~JJU:J~Jli:1F7IH~m ~it 

!t!UR iWi i! 0 ~89ifiti-tlill!I m IR~ fa] 89 ~ ~ ~ifit:ll!: 
A71R~~~B~~~~@~ifit§ •• 89~mo 
~ B~-~?t1'1f l?dt!rn;JsW.~U ~'* ~I~~1}[?t1'1f 

89~PjPJ .~~~i!0~89z-~¥1Hltk89i!JIJ~, ili 
~•~x~~~I~~~~#~~89~~~~~ 

m891ft£ o ii:ti1E?t89!JJ~1iff1'E*JlHt;ijl89 I,¢.( 
ifiti-t .&x>t~~ ~{4:ll!:B6ttr&~ ~it 0 ~ifitit?iffJ'E 
89~~0 

:tE ~ 89) * ~ ~ T ~ 1i $ ~ i! 0 ~ Kl + 
o5o-Kl +4oom~:::km .&~~:lf:ctii:tt. ~:%mr 

~:11tm~ ~&.~~. #r 2o151F 5 Jl H:Mtm~lill! 
I o 7g:ll!:-tl71ft J!ij m~ 89 ?t 1'!f !lt:ID:.&Jtx>ttff~ 89 
~PjPJ, Jill!I~m:il!:q-j 7 :f~ JE!JJ~ IfF,~ f:IITff~PjPJ 
{lf:!Jiltl~PjPJ .~:%~lifJl(~~ffi'~±-f*.:tmi¥!1EFf7Ro 

2.1 jft~i*~fB]ff~~!ffl:tiE 

~~M~:%1Jfih. rrt~fii:JtCx>tmll!~)g Kl + 
169- +23o)mr 1i~~~I&..~:m~11t:::k,il!!.~:m 
~{lf:!Jiltl)giftil!!.:m,~®f;~~139.1-209m,~®ifit+t 

f~~ 166.07-166.71m, ~~~7g70mo ft{~tff~m 

rffi'~:llt-f*r$ ,:J1t)J!p)g ~#:ii~.&!J\mmto 7ft 
~ JR±~::ftiD~ID::tmr: 
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(l)J§"~~:JX;l)iJ!iJL., :li*~~ 15m, ;1"1;9=' ~ 
:IX 9=' _t~t5t1tfff, ---r~r.u~fllJWk~±f*; 

C 2) M 1Y!tl.¥ tiP~ :tlf!~ , :t:t 1Y!tl tiP~ (!Nii:%1Y!tl ) 111 
~5 -15m,~~3- 8m,~.l$li.W~J!J~5 -lOrn; 
:ie1Y!tlflft~(*:flt%1YJIJ)111~ 10- 25m,~~5 -lOrn, 
~~~~~~±1*.~~~9='_t~~~~~;l}ifff 

:JI1e%f*, 1e%f*111~ 25m, -K~ 40m, J!J~ 5-
lOrn, fff:llf*J§"~{i'Ir*~:IXr~o 

(3)Miiflft~9='fSJ~fff:llfllJ~f*.£*.¥M~ 

?t 1ll , _t ~ flfti!J 111, fll,R f*t5t~ , fll9-1* mt?t ±~ 
~li$;!;k;E ±; r~flft~ lnJ ~ r&11f:1t~, fll9-1*~ 111 
r _t~,mt?t±~~~Im~±M*;!;k;E.&ME o 

(4)~:1Xm~m~ §~wm~~ lOrn, wm.¥ 
tl:l$t IE Ji ~ , ~~J§"~.¥ 1m ft% ~ l!!J ;tt :tlf!~ o 
2.2 jff:J;i:Jtf*;M±~fiE 

llltw~:!m:tlf!Imfff:ll w 1* ~•_a* tmil :;tt f5g * 
:tlf!~, ~~-~~J5<t~*~_±,)!J,Il10-52m,J!J,Il1e 

~*'~~~frj~-' 9=')§-~J!JBM~\~o ~m:;~9=' 
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lf~{]~ 11°, 11Jll!~i!~Jt~jN:~~ ·*1*~7Emo 

~u*~m~~~fff:llfll9-f*mt?t~=~l9-
~Im~±~llmt, f*IT ~, ±Imf'~~, 1l<f!P~~, *";ft 
!!Wlll*; ~-~~JXt~tmil :;tt f5g *, ~JXt~~ ±tt~, 
~~J5<t~±~~±~*i$E .~f'~~.-Ti!ll9='~. 

Ji!.:Pii:JXt~~~ E9t, ~-BJ:~JXt~if!!W~#J ~ ~, 
±~~~JJ£o 

fff:llf*~~?t~fL9='~~ .Wf~,JVt?t~~~ 

~:1$(-f*Jn:~± Pim~IR?t, JW:llfffrtmtf& ~~0 
2.3 jff:f;7.1<3t±m~~fiE 

c o :tlf!~JJ< o ~ fff :11 :l$t oo :J$tMJ filft :ffm mt mt 
1£, :tlf!~JJ<.~,f*Eb~~lnJI¥fmt, 7J<:I.:?N:*-=i1'11:~nj[ij~ 

*, lliiT*fni *•1*, !!!**•~'J', m~m fSJ, * oo 
111 ~ 2-3m, ~ ~ 0.5-0.6m o jj 5'~ , ?fl: 1liiT * ~ 1liiT ~ 

n!itJ ,:MUWlfSJU~tf:lgru,J,7J<Yfrt~±f*'M7J<~?f:ijo 
(2):lif!r ll<o fff:llrrLIII:tlf!r 71<~~±~ ~~ 

llY*f'~~*±~fLM~71<~£*~1!1lt7l<o m~m 
fa] :MJ~tl q~ :lif! r Jj( {il , 7]( {i'I:f;l ~ ~ 11.2-53 .5m , t§ llll. 
~;fj~ 137.3-142.6mo **~~~~J5<t~~]lt9='~ 
JxtA-t£:5~0 £:5~r%~t~!Wi7l<~o 

c 3) :tlf! ---r 71<71<191: 0 l!ltwjf 9=' *m::tlf!Imm ~* 
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~.fff:~~m:oo~:tlf!rJJ<~m•±~¥J.&m•±9=' 

~#J 9=' m:$Jt.~~t!k·l1:, Pf':~:tfF m ~~~ B ~0 

~_tFJf~' fff:llm:II!7J<)C:ttf!19l:~flj:t5tfaj 1ji ':tlf! 
r **~~i)jt5tl!i~, 1*:1.:'1:~7J<~nlit1*, :tlf! r 71<'1: 
*9.~1l!IT.&1Y!tllnJJgYfrt:f~~~±. ~~~--1YltllnJ12mt 

~ ±~1-II:Wt:1J:rt 0 

2.4 ffi':f;tf~P.){;,JUI 

~-~:!m••M~.-~:J$tfff:ll~%mJJI!± 

~PJY-=I~~:tmr~~:noo: 

C 1 ):ttf!191:~1illl: -~:J$tJXt~~~J!J, ~#JOO~ 
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L71° -78° ,335L48°{~inJtlfu~OO ,li~#JOO*±f* 
~~ll~fi£, ::f)f~J r~:l$t~~; m~, m r1¥~*1Fl 
ll*JJ.x&f~fP-L~~~#Joo 18oo L23° ,x-t~f~~#J 

OO~~%-G®~T~~~~MfFfflojj*,9=' 
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-*X~*ff[ZSIJ~%o 
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lliiTfFffl ,::ffEJ.%mt~.i~Q:J$tOOflft,IJJtlWl$, Wli*:l.:~ 
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1l, jj~:1foo~:l$ti*~%mtmf(gfitff71<~, :MJ~~ 
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JJ&:~r¥Ja-t~~#J00-13JttJ, f&W:J$tf*mf*·l1:~ .~r 

tL~, J11:1$t § ~~~JJ&: .~~:!mm~·tlf~~, fff:ll 
5ttr ftU$::f~~~~ o 

~~@fff:ll~~ftf&·?t~.~@fff:llf*~ 

~, ~fl ~ f& *:ff ±Im~#J ,:tlf!~%~, ~ 1liiT ,A~ 
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~itWJ: r!JJ;ttJf~; i£5l:Jf•t1:tJfOO:.tli; ~~fli ;~J£·1'1:~~; ~~ll:JG?t~ 

1 51~ 

moo~~~~k~#~±~~~~~~~~ 

mf*fflit.J!~ret~~~J!U~:it~~{ilf~~J~~± 

~,X ~~~PX:±~11ID~gllJVt$?t, Jt1*iiET ±~ 
~mf*fFJij[l]o mrmiD~J!r~:it~$~{ilf~fF 

ffl .~£~~EJBl~~$~o IPJIIt, mrmiDflij~~ 
~ll~m*€~11Jl1%~Jffif§ .moo~!f.fJJtl~£~~1 

*mf'Ffflom~~.moo*~~~m~*~#~ 
If'F~~-~~~~~~z-.moo*~~~~ 
11JrJm~JtJ3t~m!~:m:~E51~Z-[21 o 

llJHiH~m~~m!, ~ ~~nnti!it s if Ji J'f., ~ 
mx~·~ill~m*o~T~~EI~~*~x~ 

ii:~1ffl~.~m*#:fl.xm~illfi~m~.&A~:r*m 

i!!t::fl3 ~m *-"}x~;fJ~jlJ. o .m.r&:tm .t1t , -ft<r&~ ~~~~ 
M~~~~mx~wm~~~.?t~Jffi~z-~ 

mrf~~m~~#t.f~~~·f1:19J:aJBH~11JrJTm~ 

~~m!.JtHffft~#~~-~~m~o~m~ 

~Jt.:ffl!ijB.~*f{!E: m-rx~•*~*m~~~, 

~~~moo~~A:ff~M~M~ft;E8r~~~ 

~-~*m~~~ill&~~·~;mr~~~?t~ 

*~~•••~PX:m~•lYf~*.~*m~kfiiS 
~~ § :m:!f5t~; m rx7!*atraJ ~ ~x~, 1ffl~Ml! 
r~•:tr•;.tlt*~mm~~m~••~*~ 
IWi 0 ~ Jltjg -vJT&¥1iffJE7f ~l:fi'li~~1it~ S9#t.f~ 
~~~mllll~m~~~m!~~~o 
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ili1F*,ft~~kili~T-#if~~~ID~ 

-~~uf~-m~~~~~~oo~[3-41 .~~~~m 

~, ~ raJttA~~i!!i~5•·11:#*4, ~~m~±~®~J 

millfi~#~m1$5£J3t,~oom*m~~JJ ,Jt:fff{ilf~ 

~f'Fffl; Z~ij!lffl~, ±~®¥tlft1*iiET51iJ3t~·ff 

R~, ~~~~193:•, millfim:~~tlJ3t~fFm 0 ,b1, 
z.m~~~~~~tf~m~oo~ffl~.A:ff19J:~ 

illfi51i; ~~tlJ3t*; ~J£·11:£M; m $Gtm, m:JBt~-11: 

M; ~~,~if,~~; ft!PJ~:it~~~JJ~ **~d.> 
m~oo~to~~~~:S:.M.W~d.>m~.~*15l!ffl 
~ilr~1it,¢.([3-SJ, m~~~~-:ff~PX:~if~~~ 

~-.JIXJ~.&-ftZ-!*#*4~1it,¢.(,~Jt~JflT~ 

i!r* § ~{jt,¢.( 'nw~~1i'J~~tt*~m!~~~o 

2 ~~~w~~~m~~mmft~ 

SPS~~~Jmjg,f.JJ17\:,~¥,±*IW~®!~ 

~mm~~~-~m!.~m~rw~~s~m-r 

ifMmno~ ,moo~~£~,moo~~1~~:1Jo liD, 
*~~~l!ijm~:r, m~[4-61 o 

:bo** Shenley meiX*fflm-:~U.!(i!!i~~~~ 

~~fF~moo~. ~m~mJf;f222.5m,~rP1•~ 

7.1mo m~m~~:M!!I~~.R::ttT~~J.*-"} Ji {l 

;;cPX;T ·**!I'J' T~MEmmf~~~:M!!IIMo 
IE 0 RJ xt~m~~/Jftr-~~~,§J!S:!Bl9lti\~, itt~ 
MW~*ili~*~~OO~~®~S9&7f~~oi'it 
~~-~l!ij~m~~--:it~MJJ~~~~~~# 

IL 



_jj 

II 

·11: m m oolfi* , Hrz: ~ tsuJ\ e9 tiE~~~ aa , ~:i:t s 
sn~li9~~~~~~~~~~*rz:~~~~ 

tt.~M~-~~~•Ii9mam•±moo~~~ 

iti~H11tff 00~~0 

m -~ ~.!i]f~~~if'J*4A:ff l!fJ:~" ~Wi~.i "1tJNHI!tl 
fflt~ li9 *f.~ , ~it m -T xt~•~!•± tff 00 ~Jt!:1'T 
]!~ o *ffl ~~~]!~)](:fftff OOBf 1tJ ~ 1lt7J'fil! li9 
Jt!:1'J!Vi jj]IJ m~ ' {!)](:fftff~ li9 ;~ xw.;~~:IF §{:~ n[IU ' 
i~ ~~~{~dill , :IF~ nflil tff ~FR A:ff li9 JE ~ fft{l[ o 
~00 M61WiJ*0~_te9_A;f'TtffE8-TIB!i9~!·±tff 

oo~~~~£~.m-T~0~x~•*li~mm 

~.~.A1'TtffOO~Ii9£~I~~~~-~~~~ 

~x~e9~nflil, ~~z~-#~~Jl{[IJ*~·I*-- fit 
'fil! ~ 1:r __ m moo~~ W-:fftff ~i11> iNi1 ~ xw. __ t~~ m 
Jij_,Ji~·:IF~~~JH::fftff~li9~#1!fflli9~ 

~0 m:~z~m~~~~~W-*Ii9~m•±moo~ 

Jt!:1'J1JO 11!1 '~~~ft ~~~~~~mtJl!!Vijj]IJ '~~ 
~--~~.·~~~:i:tWft~~~~mx~n 

~'j\Bfmt~mt, f*S T fiXJ~~J~~~~~Ii9~~·!* 
J*•['ii~o 

i!ffl f~•if'Jf-J. xftff 00 ~Jt!:1'T:1JO 11!1 f~£ ~~~ 
JH::fftffOO~tlfffi!J, :lf{)(I ~·*, rmli~mt8:7cli9 
ifJ*4~.AI~~.£I~Ii9~tffOO~~~:i:tW~ 

rz:~xtm~taf1Jii9ilftm•Z9J~~moo~~~Ja• 

~m~taf1J li9mf*·ti1!:~taf1J §l:JJ ~~:IF~IJ li91!: 
ft~xf W-:fftff~taf1Jrz:~~~#:IF~J~nflil o ~m
~ #!Cif~~~if'Jf-J. mzm -rm oo ~li9f~£:JJo 11!11tJ ~:ill 
~JH::fftffOO~Ii9tlf~Flfrz:~e9Jilr~:lf~J~n[IU o * 
ffl£it~~ifJ*4e£~11!1tffOO~e9W@~:~W

:fffiXJtffOO~~~~~m~T~,~Ja~-~mm 

~~1'T11!1~-TW-:fftffOO~#~~-~Ii9~m.m: 

Ja~p;J;J~fiXJ~ ~ l'aJ li9~~r±f!W~#!Uf~ o -~Jl{[I 
:i:tW fit iii~ 1:r" ~ m~m , lixffl[ f~£ m~ tJt Z9J 

Jj\ o Schonwasserpark tff li9 ta f1J% A;~~ tnl ?t ~ 
A;, :S::lcJ§Jf12.J2s 70 m, tff~~ rnJ .~,'M.~~ 33.2 
mo ~tff~Jij~~~Jt!:1'J:bo 11!1{~£, m~:JJo 11!JJ]{[I 
:i:tW~:mTt-9-~ Jl li9Bfi'SJ .~~#e9·!*J*fit'fil!o 
~~Ja1!ffl:i:tWxf~tffli91Krt£~MiiE~T~~~ 

~71C~-~:fJ011!1iExJ'f•tifiXJtffOO~it~~:ff%tli9 

~rt., t~~:ff%t~SJJ ll:~~ .li¥~1i9~~, [5I ~m#~ 

.®3Ctf.~li9miJJ:7c:7c~{l£,%mtT -~£~~~ 

li9taf1J 0 
~~~taf1J:if)j)zJij T Lennoxville Bridge, Dou

ble Hull Tankers Bridge~tff~,{EJ.~OOI*JI'lU*:lf:fm 
mlffl-Ttff~~ ,£ii:ff:flJ3Cii9~HJi!t111~ttJJ!tl, -lli. 
*%mt*•li9tt-~ii: ,{EI.~Jm-~SJIDt~~OOB:ff 

r--rzmzm, # li ~ ooJm-~lH±~1:r T < m~~~if'Jf-J. 
Jm-~staf1J~~iti1¥f>o ~Xrliit[7]_,[8]~xf~~tff00 

~li98JJ~!HJ§l:JJttR:lt!:1'TTM~.M~ta-~ 

~~~~~ftf:r, ~it~mmoo~:m rt, ~r.u$m 
~~m-r .~~~mzn?twrtili~m~~~ .iii~ 

m~mzn?tw~~~~.:m~m~rz:~a9m~~ 

~~:®11\-T ili~m~, ~~~~tl~--~~~--*~i~ 

JJ:®:7c-Tili~m~o~~_tM~Ii9~~_t,*::)( 

~~trxf~~tff OO~Ii9 Jffi !HJ~~·tit~~OO:lf mtM 
~:JttJTo 

3 ~~~tt~~•w•~~~~~~tt• 
w•~~~*fitt~ 

taf1J fk~ c ~taf1J ;m aa ) m ~taf1J FR§t~mJt 
JJJ~-{l[M ·*:Ef!t:bo-1J:'J\Ii9:tfUI: ,JJ!tltaf1Jii9~~ 
{il%~~~1!i:lcli9l&~o taf1J~~j'iijjlf1tJ :Jt~_::::: 

~.~!p.·['i~~?ttJTJM-T~-~fk~l'iiJJli,X$~~ 

~?tftfk~~*f~-m:;maa?ttfi.taf1Jfk~M:mmr 

li9 {ilf~ 1tJ$~ Jffi l!lJ {ilf~" 1[$ Jjl{ilf~ "ffi)ffi {ilf~~ ~ 
~?tft{ilf~[6-101 o :JJo~~iE#ArnJffiiJ~Jijr .fk~ 

R$%~~~:ff-=::#:~~~~~~~MJffii!IJ!i9 

:m1*R$%A;;:fJO~~fiU$R$%A;;~~~ZI'aJ 

li9~~Jffii!IJ!i9~~f.U$R$%A:o*X*ffl~x 

JF·timtJFoo~fit~mw,**:fli~Ii9J11W~ftf:~ 

m~xtoo~~ili~m~~~~~Jt!:1'T:ff~5Gxt rt 
?ttfi~li9Jffi aar[ffiJjl{ilf~_,Jffi aam~_,)j)zj] "{il~' rt 
!gt§tj]*f £~~~·tit~ 0 
3.1 B:.:ll:1H&:7tm~ 

zll:t-~:ttooo 1 FRJR!i9~?t:1f·timoo~~~ 
tt•m~ 0 moo~~ rnJ 'M. 3600mm,rff#Atff tnlll:t * 
5000mm,tff001ff~tffrnJWft7~~%ffi l=l:fJO~~, 

"U"%~1Wi~~220mm,~:lfi=I'M.~~240mm,~ 

m 1=1 'M.~~ 160mm, u ~~ 8mmJJ:ili~m~' p;J;J:f§ 
~~:bo ~ ~ ~ 1L' fa] m 500mm' ~tl ~ ~ :bo ~j}ffii~ iWi 
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300mm,).J30mm,~~:tff00:fi-BJ::fi~~JJlt-ft<?XJOC 

1'1 JJi ~ flXJ :fi 5mm, ~~Ern 1ft~ 30mm, ~ ~ flXJ :fi 
5mmo l!tJiiE3t:Jf•l1:m:tffOO:fi-BJ::fiJJlt:JJ 10mm, 
JtE R >t ~ iE3t:Jf ·11:~~:fi;l:&J;ffi fitJ o 00 ~m :fi;fll 
:bo~Jib ~.bUwli;~:&J*ffl16Mn f~if~m, 5ip.·f1:m:l: 
:JJ 2.1x105 MPa, ~El ;f'~ tt:JJ 0.3, ~ Jjt:Jg 7800kg/m3 o 
~~W~5ip.•f1:m:I:JOC 800 MPa, ~Sf'~ tt!OC 0.35, ~ lt 
JOC 1200kg/m31111o *fflrW13tJ11Ji!.~flj:, /Fit§ M ~ 
:moo••~~-~.~-M~:mooli~*~m• 
lk ooma:tt:fitJfF m--r ~ ~JJ4f £lk~~·l1: o 

Ill lEx#·~~OO;f!iiHt:~~lR!tOO 

~Jmfi-0~#f~i&BtJ~m~JI'.1!11121:filft$~m 

a.~M##FOO:fi;~:&J~~~~JJ~/F~mamft 

:fila,~ ~~/F~Jmafirft#>'d~ ;fll*'l rnJ :f!la:tm oo 2 
E!TJR o *~ma~;~:&J:f!loomaf'FmMI!:bo o *fflJi 
ffl :ff !Si:JG~ flj: ansys :ltHT ?t fJT o ffUJ&fiXJ ~~ :fi ;fJ 

f-t~~a~#J~~mm. ~~li*fflli -;y;-f*-:fi~ 

~•ao~;y;~;y;-~,W~~rnJM:filk~a• 

li*ffl am ~:lf:r.t:lttfi":bo5& , ~:ff !Si:JGm1tt ~ ~ 
{Y!tl:filk•li*m•J¥ ~ m:fi mm o 

~Ji;J'flj"~I!J 

1800 1400 1800 

70KN 70KN 

d;-J 6 ~;f!i_ \]~ u u u 

I 900 1800 ,L 900 I 3600 
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3.2 ~HRJ[;i.t-~HJT 

*fflM~/FfitJ~¥J~a~JE3t:¥Fft#FOO:fi. 

~iffifitJma ... JilJi!.~#~a:IJ:r.tr#•?tfJTo~ 
ma fitJ a-t:ffM~mafF m = *~ ma, ooma. * 
~ma:JJ~m. tJ,t:JJ·ma. ooma:JJPI?:ttm. tJ,t:JJ 
ma . JJ!tl ;y; ~Jm lib r[{lj Ji!.ma:JJ = ftB lib ma= 1.0x c ·rn: 
8+K xffl8) 191o :JJ:IJ~ttt3tM~/FfitJ~fiJ#FOO:fi 
~jJ •11:f3~]J(Jffi lib ~~·11: '*~*~ rnJ lii.JJ '~*~ 
rnJlii.JJ ... ~*•ll~ftBiib~Ji!.lii.JJo#•~•~ 
:;{;.1 EJTJRo 

:& 1 iE3Hf'li~~*&.q-J!-JMiE3Hf'litiXJ*&i.tW'ffi.%J ~t 

ii:* ftt~lnlii ~~lnlii )Hi !I!J Jfaj 
ty!§ t}El!t :*1JLJ5Y.j] :*Ek!iY.iJ Jf.JiY.j] 

(mm) MPa MPa MPa 

*~;f)i 9.3 45.9 244.0 58.4 

~;f)i 17.9 104.4 337.2 50.6 

It®: 0.52 0.44 0.72 1.15 

ff:: ~ r:J:rt}El!r ,JiY.j] f41:~rt£fiU$$~ ffl~.& lOmpa ~ 

lnJ fk}J f'F Jlrf ~~:m 't}El!tf4111 __tt}E 0 

JA*.1 ~PJ~~tf:l: 
c 1) ~iffi fitJmafF m--r • JE3t:¥F·I1:~~#f oo :fi 

~~*·ll~l!tJiiE3t:Jf•l1:fiXJ#f 00 li~*-ll ~ 
~%.m~JE3t:¥Fft~~#foo:fi~~lt~l!tJ~JE 

3t:Jf·l1:fiXJ#f 00 :fi~~¥1Jt3t*Wll_t~~~ o 
(2)~*}1f!j!#frnJJ1i.jJ '~**'l#frnJlii.JJ: iE3t 

jf ·[1:~~#f 00 :fi;l:&j ttl!tJiiE3t:Jf•l1:fiXJ#f 00 li** 
~lj\, ?J-JJtl:FJl);tjifiXJfJi:OO:fi~ 44%, 72%a iJl.~~ 
~:fi~7l(8f3~JJ ttl!tiifiXJ:fi~~¥1Jt3t*Wll ~~~a 

( 3) iE3t:Jf •11: ~~#f 00 :fi tt l!tiiiE3t:Jf •11: fiXJ 
#FOO:fiftB lib l[{fiJj!.J1i.jJU[*' :~tt~ZV.iJl.~iE3t:Jf•l1: 
~~#FOO:fi~l!tiiiE3t:JfftfiXJ#FOO:fi~~lt ... 7l( 
an~~~¥IJ:ff~:i~~ o 

4 u ~WJ J&:!is£-f.tx>t ~~ *.&~:iE: •!i ti~~ ninJ 
~*-'I 

il!H~£::zls:~f.tj:/F?:f!:, 7H&?:tt:bu~Jib ~~:1:: 1) 
5 ~ :bo ~Jib , :bo ~Jib['§] iE 800mm ; 2) 3 ~ :bo ~Jib , :bo 
~Jibf'a]iE 1100mm;3)1 ~:bo~Jib o ?tJJtl~m#•, 
~~Jmlib~Ji!.lii.nm~•~m~.~~~~~#f 

W:fi#·~-~~~*.2~7Ra~~-~m~~ 
00 3EJTJRo 

IL 



Jlli 118 r[{b Jit -lm-Jlli -=!m-Jlli ~~m-Jlli 
JJ!§ 118~$ 118~$ 118~$ illiJMPa 

~~ ~~ ~~ 
to 7 58.4 I n m 
~ 5 44.6 n I n 
Jib 3 30.8 n I n 
~ 11.1 n n n 
tl::~$~~ I ~~:mf*~$, ll~~UJibfiU$Jllill8 

~$, m~~-BJ4JifiU$Jllill8~$o 

c.mm~~$~~ 

1113 iE5<::1ff£~JiH&~~~$~~ 

ro §;! 60 ...........,. ____ --! 

-R 
~ 40 1---~----1 

~ 20 1--------:::~--1 

II 

ffitrr~OO 4--lk*2,?t;ffff£fiU$$~fiff~~~ 

[il] ffijJ {iff~fF Jiff ' ~~;fjf: 00 *Ii u JJJJ fiJI: 5t1t (I'B] 
ie5t1t)xtrlfuWJlli aamzJJ IW~nfltJ o 

( 1) Miff U JlfJfi:I:B{]~d;'(U JJJJ fB]ie:ft::k), lE 

~»tt~~;fJf:OO*Ii~Wfttlaa~wmzJJ~~~~.m 

rm bn ~ JlfJ :(£-ftJJI!j'B] iE pg xr Jlli aa rjfu w mzJJ ~ nf[tj ~ ~ # 
::ko ±~Jn:I2SI: 1Jn~JlfJI'BJie:lt::k-tfL&PJt~tf1Jn~ 

JJJJ z rBJ IW -BJ: *Ii ~ J¥ tjj 11n * , Jtt. 3&Jlli aa mz JJ ~ ~ o 
~mat, bn~JJJJfiii~Y, ~1~ Tbn~JJJJ ~Wmf*~tl 

1t '-tfL-W'-3&Jlli aamzJJ~~o 
(2)kAJlli aa~$%~lflli, Mitrbn~JJJJJJI'BJie!~ 

::k~SM-~~m.~$~~±~~~~JJJJfiU$ 

Jlli aa~$ .~$±~~~f£1Jn~JJJJ_t, iJitm:lt::kbn 
~JlfJ IW I'BJiexr~~*Ii IW Jlli aa ~~~ninJtgt::k o 

5 ~~~~~~~~~~~~~~~~~ 

'lift~~ PinJ~*JT 

f£ 1 ~bn~JJJJ-ru-~~, 1~iH~~*~1lf:~5t, 71. 
~5t~~*Ii-BJ:*Iim*IiJ!11tCM~--~~m*Ii~matBJc 

5t) :-BJ:*Iim*IiJ¥1t5t~ i mm(i=6,5,-··1), &P-BJ:*Ii~ 
~l&R ~5t~ i-30-immo ?tJJUmifl it1J:, 1~¥!Jfttl 
aa rlfuWmzJJ{l[~~$%~, it1J:~*:tm* 3 HJrlR o 

r_m § 

-ffJ: 
ifJi 
1ji 

6 

5 

4 

3 

~3 ~~&t&iiXl*.&~Jii.ttfm 

Jlli 118 r[{b Jit -Mfftti _Mfftti 
illiJMPa 118~$ 118~$ 

~~ ~~ 
61.6 n n 
58.4 n 
53.6 n 
49.1 n 

~Mfftij 
118~$ 
~~ 

I 

m 
n 
n 

~ 
~ 
ifJi J!1 2 42.1 n 

mm 1 26.9 I I I 

tl::~$~~ I ~~~f*~$, ll~~UJibfiU$Jllill8 

~$, m~~-BJ:llifiU$Jllill8~$o 

6 5 4 3 2 

Wlt!ZJJ Cmm) 
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m 1JT~ oo 5 ,,&~u, ?t;fJT:ftftUff!S$~ fpf~~~ 
~ffinfpf~~mr.~~~m~~~m~~~~ 

l:l}:f.txtrlffiJ¥.Jffi lf±lmn ~W~n!PJ 0 

C1)MftHfiY~~JJt~W~'J',JE5t:¥F·I1:~~~m 

~IWJffi If±! ri$J¥.mn~141f~'J', m~~~:k-T 4mm 
at ,Jffilf±ImnMI~m~~~IW~'J'rm~'J'IW~~ 
ttm~~~'J'T 3mm llt#lo 

C2) kAJffi If±!~~~~*~, MI~~~m~~~ 
~IW~'J' .~~~~~141fl:l}:f.t~mf*Jffi lf±I~~o 

~m~~~~:kat, gaf'AlftB If±!±~~ u WJ~~, ~ 
m~~~~'J'at±~~mf*Jffilf±I~~o iJlOO~~ 

m~~~~xt~~~IWJffi lf±I~~~n!PJ~:ko 

5 ~],! 

(1);zjS:)C9=J*l1t(ftU$$~fpj'~,&~~fpf~~ 

IPJ~ffl, ~~~mm~~n·rt&~ili:o 

C2)1'£;f§~~fttr .~~~ttllimm~A:ff£ 

:!lf~W~XJtlJl\5£lt ,mn?t1ilt3t:MJ~ ,JrwLttm~ii* 

mntil?tJJU~llimmW~IW 44%,72%, PI IV-:k:k 
~Y';tli!~~tt!W ili ~ 0 

C3)uWJrBJHE,~~m~~~ltxtiE5t:¥F·I1:~ 

~~Jffi lf±!~~~n!PJOOB., :JJo~WJIWIXJtllt:fnW~m 

~IW~ltxt:JJo~~IWJffi lf±!mn:k'J':fnJffi If±!~~~ 
n!PJ~~11t:k, u WJitJliHBJHE~ 500mm-1200mm, m~ 
itl!l~lt~ 2mm-8mm, :(£~ ~IW 9=''fffl~:ilHrft 
1-ti&Ht, :12l;~itw~W u WJrBJHE, m~~lt~:ilHrft 
1-tmit-Ja:tt, {!gaf'AJ~XJtllt '*~11~n~:lt¥1J:lifto 

C4)im:if~~~~llimm~~nftB If±! ~W tttJ't, 
~~~IWIXJtllf,*~11~n~~~¥1JOOB.~IWi, YEOOT 
~.:r~~~.~~~W~~mlt:fntt~•ml:l}:~~ 

~!W~njlij::lf'PJ %i~o 

c 5) 1'£~1tt:MJ;f§ IPJ ~W·rt& r, ~~m m ~ 11~~ 
!Willimm~~WJffi lf±!5£lt, ~XJtllt '*~n~~¥rJ T~ll:k 
~W~!Wi, ~M#mm~~~~;f§JR!W~n·l1:11~at, ~ 

~mm~PI~V-:k:k~Y':JJo~JlfJIW~:S: ,h\rm~Y' 
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~~.~~~OO~§!i:.~Y.mm-Io 
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