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'IJ'VIlh 

1.1 fl'l1JJLihUJ1 

LL~U~u1VI'J LUUU nn!)n1 mrn~~l-J'1!1 ~'1!ilI1lVl~..:J ~..:J LUU,J n n!) mnUn ~~l-J'1!1 ~~tnn LLri 

m~YH..I1nnw1~tj19::LUtJ'iIU1I11m1l-J LLN LLrl::L'Jrl1~ Lnl1l~'tl..:J LL~U~u1VI'J mnn J'I LL~U~u1VI'JYl11,x 

tflN ~~1..:J Ln J'I mn~ t1V11 tl't11'"l (i..:J,T-uLn 111 n 1~l1..:J'Vl rl1 t1~..:J Yl1 rl1 m~·..:J ~fj J;l LLrl::'Vl f~~~UL,jUtl £l1..:J l-J1 n 

LL~U~u1VI'J~U1 J'I 1VI CjJlU'tl ~ J;l1~fl11~fj J;lU~::'1!1 nnuu~1u'JUl-J1 n ~1 LVI [;J~1 ~C)J~'tl..:J tflN~ ~1..:J 

LnJ'l mn~t1V11t1 LLrl ::l1..:J'Vlrl1t1 LnJ'l91n tflN~~1..:J;:J fl'J1l-J~1l-J1nllum~fu LLNJ1wWnrll1lrl..:J Ld'tl 

tfl~..:J~~1..:J LnJ'lmnru1V1'J Lrt'tl..:J'"l1 n LLN LL~U~U1VI'J LLrl:: Lnl1lm~fju'1ltl1ltliuL:n..:J 
Ld'tl LnJ'l LL~u~u1V1'Jm::Yl1£iltltfl N~ ~1..:J ~Utj1L~1~;:Jn1n~1l-J LVI~ n L~1l-J J;l1l-J~'J1..:J 1~ 

LYftl..:J~tlu1L'lru"lJ'lVIl-lU~rl1~~n (plastic hinge length) Yl11,xLVI~m~1l-JJ;l1l-Jtn'l"llll1lm~~l1lf..:J~ 

LYftl..:J~'tl'"lln'Vl1..:J ~lU~l..:J ~..:JCJrll,xLVI~nL~1l-J J;lll-JtI1'J Ln I1lm~tri..:J LJ'll:: (buckling) LLrl::Yll1,x 

~ C)J L~ mil~..:J fuJlViun LLrl:: Ln J'I n1 ~fj,j~tJ'lti iUL:n..:J ..:J1Ufj4't1~9..:J 1~U fuu~..:J~m1tlu::"lI'tl..:J L~1 
fl'tlun1J;l L~1l-J LVI~ntJ'ltl~(;l..JUlurl'tln~J'lf..:J LVI~m~1l-J (rebar-restraining collars) ~111~..:J tl1ltl~'Jl-J 

il'tl..:J nu1~1,xLVI~ n L~1l-JJ;l1l-Jtn'J Lnl1l n1~tri..:J LI1l1~. L~Wi1~..:J LLrl ~fl'l1l-J LVlilm1,xnu L~1 fl'tlun1J;l 

L~1l-JLVI~n 

~~~nnl-J"lI'tl..:J LVI~n L~1l-J J;lll-JtI1'J 1 UL~l fl'tlun1J;l Ld'tl L~11~fu LLN ~1U~1..:J LLuurJ!)4'mm 

m::Yll LVI~n L~1l-J J;l1l-J tn'J'"l::YllV1Ul~fu LL N~..:J LLrl:: LLN'flI1lVl;1..:J~~u1ul-J1 ~..:J Ld'tl L VI~nL~1l-J 

J;lll-J tn'JJllt11UL~11~fu LL1..:J'flJ'ltl1'"l~..:J CJrll,x L VI~n L~1l-J (;l1l-Jtn'J Ln J'ln1~ tri..:J LJ'l1~1~ ..:J1ufj4't1~1~ 
~ m~t1url'tlnu J'lf..:J LVI ~n L~1l-J L~'tl'1!::rl'tln1~ tri..:J Ll1ll~~'tI..:J LVI~ n L~1l-J J;l1l-J tn'J ~..:JUrl'tl nu I1lf..:J LVI~ n 

L~1l-J'"l ~Yl1..:J1Wi ~'tI Ld'tl~u~'Ju~tl..:J LVI ~ n L~1l-J,rUYllV1U1~fu LLN'fl11l 1U'Vll..:Jn~u nULd'tl~u~'Ju 
~'tl..:J LVI~n L~1l-J (;lll-JtI1'Jfu LLN ~..:JUrl'tl nu J'lf..:J LVI~n L~1l-J1~1~-rl'Jtlfu LLN tJ'ltltltll-Jl,x L VI~n L~1l-J~ J'I 
1~J;l1l-Jm1l-Jtn'J VI~nm1Yll..:J1U"lI'tl..:JUrltlnuJ'lf..:JLVI~m~1l-J1~LL~I1l..:Jlu~u~ 2.1 mn~1l-Jurl'tln.. 

I lot I I 
c:J .q.qo _ q.q 4 .o:::t _.... .q ..::!I ..::::. 

L Vlrl n LMl-J l-Jm rl..:J LLrl~fl'J1l-JLVlUtI'J L ~ l-J~ULl-J'tl~ULL ~..:J'tIl1lml-J LLU'J LLnU ~ ~J;lm~l-J~tl..:J L~1Ll-J'tI L~~l-J 

Url'tl n Ul1lf..:J LVI ~n L~1l-J ~1l-J1 ~tl-rl')U'1! ::~'tl m~tri..:J LVll ~"lI'tl..:J LVI~ m~1l-JUlll-Jtn'Jluu1L'J ru'"lVlVll-JU 
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L~).J I"hw.l1).J muml,xnu L~1~nrXI)£J 
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nJYi 2.1 ~inm~V11'l1'W'lJ'el'lU~!lnn~f'lL~~m~1).J1n£JHrLLNm::V11ln1).JLL'WI)LLn'W
.. 

1. ~oo.J'W1t1~'elnn~f'lm~m~1).JL~!lL~).Jri1i'lLL~::rll)1lJmuml,xnuL~1rl'el'Wn1lnL~1).JL~~n 

2. ~nWlYi ~~ m~lJ"ll'el'lu~!lnU~f'lL~~n L~1lJfn £J 1!XLLN m::V11 1n1lJ LL'WI) LLn'W 

3. ~nWlYi~~m~lJ L~1 rl'el 'Wn1In L~1lJ m~n~;:j mn~1lJu~!lnn ~f'l L~~m~1lJ 
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..,; 
1.J 'VI 'VI 2 

.. 
2.1 -l"l.11r.rtl-Yhihl'li'fl-l 

1'W'I1'W~4'£Jdl~~ n~l'Y'I~ ~n'l'll-J"lJ'fl'll~1 fltl'Wn1[;ll~1l-J l VI~n~l~fu tH'l91n llN m:::vl1 

~1'W,J1'1llUU1'!)4'm ll~:::'Y'I ~ ~ n'l'll-J n11' 1n'll(;11 :::"lJ'fl'll VI~ n l~1l-J[;l1l-J £J1,) lritlf1J llNtl(;1 U~:::llN 

m:::vi 1 ~1'W ,J1'1llUU1'!)9n1' 1(;1£J'I1'W~9£Jdl~~ n~1'11 'W~9tJ~ ~1 'Wl-J11'Wtl ~ [;l~'1~1mnl~ ~U 
n£J~:::l~£J(;11~~'1~tllUd 

2.1.1 -l1'U1r.rtl-Yh~tI'ln1Jn1~'Vl~~'fltJL~1J11!Jiolu.'Nn~~'Vi1~;"ui1-lu.1JtJ-r!lr.rn'7 

Park LL~:::flru::: (1982) 1~Vl(;1~'flUL~1'lJ'W1(;1V1i.h~(;1 0.55 l-J .xO.55 l-J. ~'1 3.30 l-J. 91'W,)'W 

4 !X'W fl1£Jl!XLLNm:::vi1~1'W,J1'1lluu1'!)9nnL~ :::LLN [;l1l-J LL'W') LLn'Wfl'l~ 1(;1£J'W911'ru1 e..J~ LLN m:::vi1 

[;l1l-J LL 'W,) LLn'WLL~ :::mm ruLVI~ n L~1l-J [;l1l-J"lJ,)1'1 1(;1 £Jml-J 1 ru'lJtl'l L VI~n L~1l-J [;l1l-J'lJ,)1'1~ n'fl'fln lLUU 

[;l1l-Jl-J1[;l1'ti1'Wn11''fltlnLLUU"lJ'fl'lU.,)~LL~'Wr;1 (New Zealand Code) 'lI'W1(;1V1ih~(;1LL~:::1'ULLUUn11'
u ~ 

.. ,,~ ,,~ ~ .I..J ..... • ~..J 
LMl-JLVI~n L(;1(;1'1 L'WLL~(;1'1lLJVl 2.1 ll~:::~ru~l-JU[;l[;l1'11"lJtl'lL~1ll~(;1'1 b'W[;l11'1'1Vl 2.1 

3 
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, 
...:::II ~.., I

(;nnrVl 2.1 ~CW~l-JlJ(;1'lJ'El'lIW.1'Eltl1'1 L~1 (Park LL~:::~CW:::. 1982)• 
Test Concrete Axial load Reinforcement 

specimen Strength Force Ratio Longitudinal Transverse 

(MPa) (kN) Plfc'Ag fYI (MPa) PI fyt (MPa) Ps 

1 23.1 1815 0.26 375 0.0179 455 0.015 

2 41.1 2680 0.214 375 0.0179 455 0.023 

3 21.4 2719 0.42 375 0.0179 455 0.020 

4 23.5 4265 0.60 375 0.0179 455 0.048 
... fI .......... .. ..I a ~ .. . -- ... ..I a 
 -

, . , 
I _ I q .q I q..:::.. "...:::II 

e.Jfl n11Vl (11~'EllJ'Vi lJ'J 1 Wl 'Eltl1'1 L~1VlVl (11~ 'EllJl-J ~1 ~'J1l-J L~UtI'J LlI'I n 11 LMl'tlUVl 

(displacement ductility factor) iirl1'ElU1'1UmJLyilnlJ 6 LL~:::iirh~'1~(11th:::l-J1CW 10 rh 

m1l-JL~1t1(11~'1~(11'lJ'El'l~'Elun1(;11uLLnU~'Elun1(;1iirl11:::'\.d1'1 0.016-0.026 ~'1 LL~(11'1tUl1.J~ 2.2 

~~'191 n ~'Elun1(;1,xl-J Lll (11 m1~~ (11 ~'ElU'fl'El n U'El n91 mrUtJ'I'VilJ~1 rl1 ri1~'1 rX1UVl1Utl-J Ll-JUt;l~(11~ 

LL Vl9T'I 9:::ii rl 1l-J1 n n ~ 1 rl1 rX1UVl1U tl-J Ll-JUt;l ~ (11 (;11l-JVl ~~II t(11t1 L'il'Vi 1:::1unnu~ LLN~(11 (;11l-J 

LL1..1'.1 LLnuii rl1l-J1 n LL~ :::ii1.h:::~VlBJl1 'Vi m'lt 'EllJf(11~~ Lm~ n L~Tl-J m l-J'lJ '.1 1'1 ii rl1 ~'J1l-J L~1t1 (11 n'l9•(11 

~nn LLr;ihJ~'1e.J~r;i'ElL~1Lrt'El'l91nrl1m1l-JL~1t1(11n'l9(11~nn LLr;itJ'IllJn'l-rl'J'I'lJ'El'lmnL-ii'lr;l'JL~l-J~U• 
(hardening) e.J~m1Vl(11~'EllJU'l~~T1R-l-J1CWLW~nL~Tl-J(;11l-J'1J'J1'1ml-Jl-J1(;11J1U SEAOC (~l-J1~l-J 
~P1'Jmt~N~~1'1LL~'1fJLL~TYl'ElfLi1t1) iirhl-J1n'Vi'El~9:::flJl~~1~flJLLNm:::v'hml-JLLu'JLLnu~'1~~ 

'l:::~lJ ~1 LL~llJ LLlu~ L~l-J1:::~l-J~1~flJ LLN m:::vhml-J LLU'J LLnU~'1~~1:::~lJ~'1 

],I. ......,. , 
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l'~.~'P.'r;:t.;::;g~~~~r!-~-
}4;;,~t;!.R,JJ I ', ,. 

Ifl.'- , 

ae.or. .O.Q)J.l.~ 
:,,~.(;.?rs~ 

, 

('11) tol'J'ar.h-lL~1l'i'UY1 2 


.. 
~.... ,... 

1_ :: G,.(JJ'X.lLI 

IItH.O. m hil'4 

,A.1 'FJ.1<f 57r.tIJ • fHNJ 

, 
(~) tol'J 'a th'! L~1l'i'UY1 3 

P,~: 
~r 

~ 

' ___ Q..03!¥~ 

'kN~ ();0'S1ttIts$ 

, 
('I) (;]'J'atJ1'!L~1l'i'UY14 

~tJ~ 2.2 (t>i'a) ~'J1l-J~l-J~ufi1:;VI~1'!LLNn1Jn1n~~'au~~1U-n1'! (Park LL~:;~ru:;, 1982) 

Ozcebe LL~:; Staatcioglu (1987) 1~'Vl"'~'a1JL~1'1lU1'" 0.35l-J.xO.35 l-J. ~'! 0.90 l-J. 

~1U'JU 4 l'i'u 1l1tJ1I'i'LLNm:;l11~1u;h'!LL1J1Jt)n4'mLL~:;LLN(fI1l-JLLU'JLLnu~'!~ 1(f1tJVl'"l1H1..m.J~ 
5 
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'lltJ-.l ~~t1~""WlltJ-.l L", fi n L'~1~ m~'ll'l1-.l LL~ ~fOltJ'\.m1[;1~iJ m~LtJU fi?1 r11 U-.l n-.l n t1~ ~ L~t1 i?1 mn~1~ 

L",fi n L~1~ [;I1~'lI'l1-.l ",i11 ~i?1'l1'l1-.l'lltJ-.lntl~ ~ L~ t1i?1'l1tJ-.l m~i'L~1~ L",fi n L~1~(;l1~'lI'l1-.l LLU-.ltJtJn dj'W 

3 pJLLUU LLUULLmtJtJmLUU[;I1~mm:l1'WmrtJtJmLUU'lItJ-.l ACI 318-83 Lu'Wmn~1~tJ~tJnfi?1 

rtJu (hoop ties) LVitl-.ltJti1-.lL~tI'l XtJLLUU~ 2 LL~~ 3 iJmn~~L",fin~i?1'Vl1-.l'll'l1-.l (crossties) 9~ 

iJ c.J~J;]tJw~~mr~'lItJ-.l L~1~~n~1mn~1~ L",fi n L~1~[;I1~'lI'l1-.lfi?1rtJu LVi t1-.ltJti1-.l L~tI'l XtJ LLUU~ 2 

L",fin~i?1'Vl1-.l'll'l1-.lH'lItJ-.ltJ'll'W1i?1135 tJ-.lPl1tJ~1t1~-.l 2 ~'l'WrtJLLUU~ 3 L",fin~i?1'Vl1-.l'll'l1-.ltJ~1t1... 

'--350mm-----j 

4 r 45mmI 
r-;;;;~~~.--. 

, . .' I It~,J~··1
350mm f'" ').. ... . ... ,j ,

. m • ill • c ' 
~~-.~·I~~:l 

25mm bars 10mm bars 6.4mm bars 6.4mm bars 
{double layer) (double layer) 

TYPE A TYPE 8 TYPE C 

. 
mr1-.lV12.2 '"lru~~U~'lltl-.l~'ltJti1-.lL~1 (Ozcebe LL~~ Staatcioglu, 1987) 

Test Concrete Axial load Reinforcement 

specimen Strength Ratio Longitudinal Transverse 

(MPa) Plfc'Ag fyl (MPa) P, fyt (MPa) Ps 
S (mm) Type 

U3 34.8 12 438 0.0327 470 0.0169 75 A 

U4 32.0 12 438 0,0327 470 0.0254 50 A 

U6 37.3 12 437 0.0327 425 0.0195 65 B 

U7 39.0 12 437 0,0327 425 0.0195 65 C 

, 
I V I CIIq , Q' 4. t" I q 

c.J ~ n1 r'Vl i?1~tJUWU'l1 [;I'l tJ t11-.l 'Vl~ r~t1~'" 1-.l 'lItJ-.l L", ~ n L~ r~ [;11 ~'lI 'l1-.l'WtJ tI n 'l1 ~ 

fOl'l1 ~~1~1HI1 'Wn1 rfULLN ~1'Woif1-.l LL~~iJ fOl'l1 ~ L",iltl'l~ 1 n n~1 ~'ltJ ti 1-.l [;I1~~1 [;Ir:l1'Wn1 r 

tJtJnLLUU'lI'a-.l ACI 318-83 ~1"'fUL~1~iJn1rLtJufi?1~~n~1 Li?1t1n1rL~~ L",ftn~i?1'Vl1-.l'lJ'l1-.l 
(crossties) iJfI'l1~ ~1~1 rn1'Wmrfu LLN ~1'WLLN LL~~iJfOl'l1 ~ L",iltl'l~1 n n~1 LL~~1m~1 ruLw~n 

L~1~i1tJtln~1~'lmh-.l~hJiJmn~~L",finui?1'V11-.l'lJ'l1-.ln[;l1~ 'W'iln91nerr-.lWU~1L",finui?1'Vl1-.l'll'l1-.l 
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"lJ'fl'l'fl 135 'fl'lmU~1tJ~'l 2 i.juj'~~VlfiIl1'V1 LVI~'fl'WLVl~n~(;1'Vl1'l"lJ,)1'l"lJ'fl'l'fl 135 'fl'l~1 ~n-ii1'lVl~'l 
90 'fl'l ~1 rt,)1l-J~l-J~'Wfij'~VI~1'l LLN n1Jmj'Lrt~'fl'W~~h'W-ii1'l"lJ'fl'lj;J,)'flU1'l1~LL~(;l'l1.'W(;\'lnl~ 2.4 

'II 

.00 

! . . " 1 
300 


200 
 lUi
.' '" 

lo... ." e. :UI. 

Z 100 TYP E /II, 

~ 

UJ 
U
c: 
0 -100
"­

-200 


-300 


-.00 


I 

- 100 - 80 -60 - '0 -20 20 '0 60 BO 

DEFLECTION (mm) 

(n) j;J')'fl U1'l U4 

100 

Z 
~ 

UJ 

U

c: 
a 
"­

300 

200 

.... ' . I!U:···I i :..... : I
I. , . 1 

10m'" b.-.s 

100 TYPE A 

-100 

-200 

-300 

DEFLECT ION (mm) 

UJ 
u 
a: 
o 
u. 

DEFLECTION (mm) 

(rt) j;J,)'flU1'l U6 

aU~ 2.4 fl')1l-J~l-J~'Wfij'~VI~1'l LLN n1Jmj'Lrt~'fl'W~ ~1'W-ii1'l LL~:;~1l1'V1 L~1V1i'lmj'Vl (;l~'fl1J 

(Ozcebe LL~:; Staacioglu. 1987) 
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2.3 

-100 

-200 

-JOO 

DEFLECTION (mm) 

('I) r;l'J'eltl1'1 U7 

nJ~ 2.4 ([;\'el) fl'J1l.J~l.Jw'Wfi~:::'j,d1'1llNrlUmnfl~m.!~~1'uoif1'1llfl:::~1l1'Y'll~1~~'1m~V1(7)~'elU
~ .~ . 

(Ozcebe llfl::: Staacioglu. 1987) 

Wehbe llfl:::flru::: (1999) 1~V1(7)~'fluL~1'iJ'W1(7) 0.38l.J .xO.61 l.J. ~'1 2.05 l-J. 91'W'J'W 4 ~'W 

Jl1t11~LL N m:;.yh~1'woif1'1 LLUUt)~J'~'n1LLfl :::LLN 1'l1l-J LL'W'J LLn'Wfl'l~ L(7) tlYi'"l1~ru1(;Jflml-J1 rumn~1'l-J 

l ~fln L~1'l.J1'l1l.J'iJ'J1'1~'1ih.Rl-J1rwm~L'flUJ(7)1'W~:::~ul.h'Wnfl1'1 LLfl:::LLNi(7)1'l1l.J LL'W'J lln'W ;'1ml-J1rw 

m~L~1'l-JL't,'~m~1'l.JI'l1l.J'iJ'J1'1~Yi'"l1~ru1nfl146 %LLfl::: 60 %'iJ'eNml-J1rumn~1'l.JL"'~nL~1'l.J1'l1l.J 

'iJ 'J 1'1l.J11'l ~.J1'Wm~'el'el nLLUU AASHTO LLfl::: LLN i (7) 1'l1l.J LL 'W'J LLn 'Wn fl1 0.1 ~'1 0.25 f c'A g 

ntlfl:::l~tI(7)mn~1'l.J L",~n 1'l1l.J"iI'J1'11~Ll~ (7)'11'W~u~ 2.5 LLfl:::flrw~l.JU1i"il'el'l L~rll~LL~ (7)'11'Wl'l1n'l~.. , 

(;Jfl mH1 (7)~'elU'Y'lU~1 fl1 m1l-J mu,tI'J"iI'el'l L~1n fl1U~:::l-J1 ru 5 L~'el L~1'l.J L~~ n L~1'l.J1'l1l-J 

"iI'J1'1U~:::l.J1ru 50 %'iJ'fl'll.J11'l~~1'Wm~'el'elnLLUU'iJ'el'l AASHTO Ll~ (7)'11tXL~'W~1L~'flml-J1ruL"'fln
,jJJ 

L~1'l.JI'l1l-J'iJ'J1'1lVhrl'Wfl1m1l-J L ",u,tI'J"iI'el'l L~1'"l:::fl (7)fl'l L~'elLLNtl(7) 1'WLL'W'J LLn'Wnfl1L~l.J;'W ~'1 LL~(7)'1 
~ ct ~ .0::11 I~' q ql~':.J~

1'W~UVl 2 .6 LLfl:::Ll.J'el Ll~'1'fl(7)1'WLL'W'J LLn'Wl-Jfl1 LV11n'Wfl1 fl'J1l.J L "''WtI'J'"l:::l.J fl1L 'Y'll.J'iJ'Wll.J'flL'Y'll.Jml.J1 ru.. 

8 

http:Y'll.J'iJ'Wll.J'flL'Y'll.Jml.J1


,
"" ......l?l1n:l'Vl 2.3 ~ru~~1J[?l'YJ'fl'lL~1 (Wehbe LLrl:::~ru:::, 1999) 

Test Concrete Axial load Longitudinal Transverse reinforcement 

specimen Strength Force Ratio fy, PI fy/ (MPa) Ps 1d ) Ps1b ) 

(MPa) (kN) Plfc'Ag (MPa) 06mm 010mm 

A1 31.7 615 0.10 414 0.022 455 428 0.37 0.35 

A2 27.2 1505 0.24 414 0.022 455 428 0.37 0.35 

81 29.7 601 0.09 414 0.022 455 428 0.48 0.46 

82 28.1 1514 0.23 414 0.022 455 428 0.48 0.46 

Drift, % 


IDlplacoment Ductility, 1''> 

.a.60 .a.45 -4.30 ·2.15 0.00 2.15 430 0.45 8.60 


500 .r-------'r--.--~__­
400 ~-\ = (.~8) (I) r-) ..... (~) 

300 

_ 
~~)_

___,. 1.00 
_ .. 1.52 

DlspLacarnent fmm) 

Drill,"" 


IIlIpI.cemon1 Ductility, 'I,) 


1.38 
1.04 
0.69 

Z 0.35 

i<!. 
"0 0.00 
.9 -0.35 

. -1 .04 

-138 
-500 L-__-'--'--'--'-..!.,..;-'-_~-'-__....J . -1 .73 

-4.30 ·2.15 0.00 2.15 4.30 645 B.60 

I---___,=--:-::---:-:,..,..,,-i--:"::-='---c.,.......,.-::---, 1.13 

200 . 

100 

a ~-=--c-'--<-_'o7JJ!Y'I4Ii'HY<:,-"",,-
-100 ".., 

·200 +---i-~~I-4<.1:1'+ 
-300 

' ~====;-i -<l.S9 

-400 

-200 ·1SO ·100 -50 so 100 lSO 200 

Diaptacement (mm) 

Displacement (mm) 

DrIfI,% 


IDipIaC<lm.nt Duc1lllty, ".., 


.a 60 -8.<5 ".30 ·2.15 0.00 Z. 15 430 6.45 8 .60 


500 '----''''-=--:-:: :-:''.:-'-:'-=")-:-,_::-')""(1)"7.(,""')'_6)=--' ,--;:",41'---;;;;"'---' 1.74 
400 1.39 

300 '.04 
200 -- 0.70 

~ 100 :r-----,. 0.35 
.., 0 1--.-ul--;---!~H'H#IHy,.~""""-;-.!..!P""'=-1 0 00 i 

..,.;- ; ...,.-t--..- '. -0.35 -100.9 
-200 


-300 
 t1rs~0~n aT ~~:-400 
-1 .74 -500 

-200 -lSO -100 -50 50 100 150 200 

Dioplacoment (mm) 

Lukkunaprasit LLrl::: Sittipunt (2003) 1~Yl~L~1'YJ'\.,n~ 0.40~.x0.40~. ~'1 1.5 ~ . 91'U"JU 

5 ~U fl1t11~LLNm:::YhllhU;h'lLL1J1J~:!J9nnLrl:::LLNm~LLU'lLLnU~N~ t~t1Yi91rru1~~'YJ'El'l 

r:::EJ:::"h'l'YJ'fl'lL~~nL~r~[?l1~"1.I'l1'l ~'lm~1run1n~r~L~~nL~r~[?l1~"1.I'l1'lijmmrun1rt'fl1Jfl'llU 

r:::~1J1.hUn~1'1[?l1~;r'flri1~UI'I tl'ltl~1m31Un1r'fl'flmL1J1J ACI LL~:::L~~~fhJ~I'I'YJ'fl'l'fl 90 'fl'lP!1 
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L~'e)L~l-Jth~~Vlfi111~n1~1'e)uf~IL~1'lJ'e)'1L~1r1'e)\Jn1(1l Lti'e)'191n'lJ'e)'1'e) 90 'e)'1P!1 9~Ln~n1ntl~LLtJn 

'e)'e)n91nn'lJLri'e)~~~U~LrI~'e)'lJ~'lJ'e)'1L~1~Yh1,xrl'e)'lJn1(1l~l-JLn~n1~\-1~~i'e)'lJ (spalling) 09U9'11~ 

Vl~~'e)U LLrl ~LmUU LYlUU ~~\-1~1'1 r;l'J'e)tl 1'1 L~1~hJ~ r1~tJU ~'lJ'e)'1'e) nUr;l'J'e)tl1'1 L~1~~ r1~tJUVl'lJ'e)'1'e) 

'1J'lJ1~\-1ihr;lVlLLrl~~tJLLUUn1n~1l-JL\-1~ n1~~'1 LL~ ~'11'lJ~tJ~ 2. 7 r1ru~l-Ju'1i'1J'e)'1r;l'J'e)tl1'1 L~11~LL~ VI'1 ... ... . 

400 

Direction of loading 

o 
o 

" 

- Locations of 

stra in gages 

ltJ~ 2.7 'lJ'lJ1 ~\-1ih r;l~ LLrl~ltJ LLUU n1 n~1l-J L\-1~ n (Lukkunaprasit LLrl ~ Sittipunt. 2003) 

~ rl n1 ~Vl ~~'e)U~U~1n1n~ l-J LLNtlVI ml-J LL 'lJ'J LLn'lJ~'1 ~rl1,xrhm1l-J L\-1Um LLrl ~n1~~ rl1U 

~~'1'11'lJ~~~l-J~rhi.('e)Url'1 LLrl~U'1~U~n~1r;l'J'Eltl1'1L~1~~n1n~l-JrI~tJUWll'e)'1'El 90 'El'1P!1 n 

r1'J1l-J~1l-J1~C11'lJn1~fULLN~1'lJLLNLLrl~~rl'J1m\-1Uml-J1nn~1L~1~~'1J'e)'1'e) 135 'e)'1P!1 LLrl~U'1~ 

n1~~rl1tJ~~'1'11'lJ~~n~1~n~'JU Lti'e)'191nr;l'J'e)tl1'1L~1~nn1n~l-JrI~tJ~VI'1J'e)'1'e) 90 'e)'1P!1 9~~ 

n1~l'ElUfVl'1J'El'1 r1'e)'lJn1(1l~~n~1 L~1~~'1J'e)'1'e) 135 'El'1 P!1 tJ~~~Vlfi111~'1J/EN r1~tJ~VI'1J'El'1'e)Yh1,x 

r1'J1l-J Lrl1u ~'1J'fl'1 L\-1~n~ ~Vl1'1'1J'J1'1 (crossties) ~rl1l-J1 n~'lJ1'lJU1L'J ru9 ~\-1l-J'lJ~rl1~ ~n LLrl~U'1~U, , 

~n~1ltJ LLUUlh~~n1~fuJ1\-1,rn (loading history) ~ LL(1l mh'1 n'lJ~~rlYh1,xrl1r1'J1l-JmutJ'JLLfl ~ 
rl1 n1~~ rl1tJ~ ~'1'11'lJLWlmh'1 n'lJ r1'J1l-Jil-J~'lJtf~:;\-1~1'1 LLN n U n1 nrl~'e)'lJ~ ~1'lJ-n1'1'1J'e)'111i''J'El tl1'1 

L~11~LL~VI'11'lJ~tJ~ 2.8.. 
mn'1~ 2.4 ~ru~l-JU~'lJfl'1r;l'J'e)tl1'1L~1 Lukkunaprasit LLfl:; Sittipunt (2003) 

Test 

specimen 

Concrete 

Strength 

(MPa) 

Axial load 

Ratio 

Plfc'Ag 

Reinforcement 

Longitudinal Transverse 

fyl (MPa) PI fyt (MPa) f/shc(%) Hook configuration 

1 38.9 0.30 471 0.0314 305 0.453 90 deg; no clips 

2 35.7 0.30 471 0.0314 305 0.453 135 deg; no clips 

3 31.7 0.30 471 0.0314 305 0.453 90 deg; with clips 

4 30.5 0.37 471 0.0314 305 0.453 135 deg; no clips 

5 32.4 0.37 471 0.0314 305 0.453 90 deg; with clips 
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- ---

Drift ratio ('Yo) Drift ralio ('Yo) 
-5 -4 -3 -2 -I 0 I 2 -5 -4 ·3 ·2 -I 0 I 2 

400 	 1.1 7 400 
300 	 300F· 	 0.88 

.... .. .... . .... . ... . . Z
~ 200 	 0.58 200ml C 
"0 100 0.29 100 
..e'" 0 f 0 .00 0 

I 	 ~~ .... . ...........
e -100 ·0 .29 -100... e 
.. _..... _. --- .. , .... <I);;; 	 -200 "'l ml -0.58 -200OJ.....l 	 -300 t: .. ; ...... ;.1'uII., ·0.88 .....l -300 

-400 -1.17 -400 

121 

0.91 

0.61 

0.30 

0 .00 is... 
:J 

-0 .30 

-0 .6 1 

-0.9 1 

-1.21 
-75 	 -60 -45 -30 -15 0 15 30 45 60 75 -75 ·60 -45 -30 - 15 0 15 30 H 60 75 

Lateral displacement (mm ) Lateral displacement (mm) 
, 	 , 

(n) (;],)'el~.h~ L~1~uVi 1 	 ('1J) (;],)'elth~L~1~uVi 2 

Drift ratio ('Yo) 

-5 -4 -3 -2 -I 0 I 2 


Drift ratio ('Yo) 
-5 	 -4 -3 -2 -I 0 1 2 

400 \.31400 1.27 
300 0 .98300 0.96 

~ 200 0 .650.64 C 
Z 200 

100100 0.330.32 ::;1"0 :Jos "'" ::c ~0.00 0..e 0 0.00 tt:3:= ::r:E -tOO -0.32 e -100 -0.33 
.3 -200 -0.64 ~ -200 -0 .65
.....l .....l'" -300 ·0.96 -300 -0 .98 

-400 -1.27 -400 -1.3 1 
-75 -60 -45 -30 -15 0 15 30 45 60 75 -75 -60 -45 -30 -15 0 15 30 45 60 75 

Lateral displacement 

400 

300 

~ 200 

"0 100 

..e '" 0 

e -100 

~ -200 
.....l 

-300 

· 400 

' ., .. .. 
- - , . . .. . 

.. ····:- 1'...11 • 
~ 

(mm ) 	 Lateral displacement (mm) 
, 

(~) (;]')m.h~L~1~uVi 4 

Drift ratio ('Yo) 
-5 -4 -3 -2 -I 0 

1.25 

0 .93 

0 .62 

0.31 ::>.,..
0.00 

~ ·0.31 

-0 .62 

-0.93 

-125 

-75 -60 ·45 ·30 ·15 0 15 30 45 60 75 

Lateral displacement (mm) 
, 

(Iiil) (;]')mh~L~1~uVi 5 

,U~ 2.8 "'l,)1l-J1l'l-J'Wufi~::'-I~1~LLNnUn1n"'l~'elU~ ~hU;r1~'1Jtl~(;]')mh~ L~1 (Lukkunaprasit LL'Cl:: 

Sittipunt, 2003) 

Ongsupankul LL~::"'lru:: (2006) V1(1J~'elUL~1'1JU1(1J'-I~1(;](1J OAOl-J.xOAOl-J. ~~ 1.55 l-J. 

91U')U 6 r;i'uI11tJlr;i' LLN m::vi1 LLUUt)!)~mV11~~l1U;r1~ LL~::l~ LL~~£(1JUl1~1 LLU') LLnU"'l~~m::vi1 

LLUU Lt'el~ ~UEfLL~:: LLUU ~uEfn~1~ L~1 L(1JtJYiIiil1~ru1ilil-J1 ruL'-I~n L~1l-J Ul1l-J'1J,)1~ LL~::n 1~~(1J L~tJ~ 
L'-I~m~1l-Jml-J'1J,)1~ ~~ilil-J1run1n~1l-JL'-I~m~1l-JUl1l-J'1J,)1~ililil-J1ru 25% '1J'el~;rtlri1'-1U(1J'1J'el~ 

l-J1Ul~f11U AASHTO( 1992) ~~~i1i1~n~ ~~ LLcJU~U'l'-I') LL~::L~1l-JL'-I~n (1l1l-J;r'elri1'-1U(1J'1Jtl~ l-J1(1l~'11U
~ 	 ~ 
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AASHTO(1992) ~hj ~ 1 U-l l1-l tHHL~ U~ u1 ~'l 91 mrU~';)4'El1 ~ LtJ1ElU t.J ~ n 1 ~Vl (;1 ~ flU rlU 


LLU1J'ii1~'El-l1rhU'Elf (fiber model) "lJU1(;1~ih(;](;1 LL~:::~tJ LL1J1Jn1n~'hJL~~n1~c;l-l LL~ (;1-l1U'1tJ~ 2.9 

v v 

0 
0 
"'1 

400 400I· "1 " 

J~ 
w 

rr­

~ 

/) 
c 

a~ 

0~@100 

i'D13 , 0 13 

R6@.l50 ...!.. ~R6@100 

(a) l~l A1 . A2 (b) l~l B1 . 82 

400 
·1 400 ;. 

" ,I 

J 
; 

~1 50 

i 

a 

0 

D13 '" i' 0 13 

1 R6(@200 tE"- R6@150 

(c) ll.'ll Cl (d ) Ll'll 01 

, 


m~1-lVl2.5 '"lru~).JU~'iJ'El-l(;]'l'El~1-lL~1 Ongsupankul LL~:::flru::: (2006) 


Test 

specimen 

Concrete 

Strength 

(MPa) 

Axial load 

Ratio 

Plfc'Ag 

elh Longitudinal Transverse reinforcement 

fyl 

(MPa) 

PI fyl 

(MPa) 

Ps 
Configuration 

Al 32.4 0.074 0 390 0.0127 235 0.0075 25% AASHTO; Seismic 

A2 32.4 0.074 0.15 390 0.0127 235 0.0075 25% AASHTO; Seismic 

Bl 29.6 0.081 0 390 0.0127 235 0.0126 25% AASHTO; Seismic 

B2 29.6 0.081 0.15 390 0.0127 235 0.0126 25% AASHTO; Seismic 

C1 32.4 0.07 0 390 0.0127 235 0.019 AASHTO; Non-Seismic 

01 29.6 0.08 0 390 0.0127 235 0.005 AASHTO; Non-Seismic 

Jj , ... -

.... .J J' ...J .... ... 00 .d1 " LLN'El(;11J11).JLLU'l UnUVl m:::Vl1LEl'El-l ~UElVl'1:::El::: 0 .15 'iJ'El-l"JJU1(;1L~1nU L~1Vl mLN'ElV1m:::Vl1 LL1JU 

IJ1 N ~UtJ ~-l9::: L~U1r,)~1 L~1 tJ-l fI-llJ'Y'l ~ ~ m~).J~1lJ LL(;J n "h'l rlU).J1 n n1'11i L~~nu (;1Vl1-l"JJ'l1'1 

'" , 
(crossties) LYi).J L;r1).J1t1U9:::lJt.J~l'1'El'Y'l~~ m'1).J"lJ'El-l L~1Vl~n~1 n1'1L~1).J L~~n L~1).J (;J1).J'lI'l1-lr(;1 

~'ElU L YiEl'l'Elth-l L~El'l L(;1EllJ rhm1).J L~t1El'l LL~::: n1'1~ ~1 El'Y'l ~-l-l1U~~ n~1 LL(;]l.n).J1 ruti'(;J n ~'lU"JJ'El-l 

L~~n L~1).J1J11).J"JJ'l1-l1lJlJ t.J~'El~1-l-n(;1 L9Ul'1'El n1 ~-l cX1UVl1U LL'1-l r,)1U;r1-l~-l LLN ~-l ~ (;1 n1 ~Hm~n tj (;1 
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'Vl1'1'lJ'11'1U'I1OJ :::'lhtJhn~L'VI~n L~1l.JU~'fln f~ 'i''fllJtri'l'l'fl LL~ :::u'I'lh tJU ~f'l L'VI ~n L~1l.J (;11l.J£J1'1 LL~::: ~ ~ 

n1 'i'~n~~IOJULL(;1n'll'fl'l LLnurl'fl't.ln1(;1 lU~ 2 .1 0 lL~"''1rl'11l.J~l.J~Uif'i':::'VI':i1'1 LLN nlJ n1nrl~'flU~ 

0 ,';1 Rc1io 1°0; 

~ 
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·6 -2 0 '2 

eo f----+----HI!j 

(} 

~ a f---rr-:flH'H'H-J'II-J'-HHHf7L:.H'-----1 
Q 
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·ao f\,-f<q-H4.H:u.fIII+----If--------1 

-00 0 00 100 

, 
(n) [;)'1'flEh'l L~1~uVi A 1 

Drift Rctio l~~i 
-~ 0 

.!{j 0 ~ !QD 

l..::r.e10i D\Splcoem~ (rt'tnj , 
(rl) [;)'1'fltl1'1 L~1 ~uVi 81 
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.1.0 L-~_---'-_~_ __'__~_---'----_~--' 

.1C-"} -00 " &l 10:) 

lCT¢lol Di!ploc~,.nent Imm) 

-:2 .) 

·so 1----I--I+1'T'11-1: 

..... I ",.J 
(IOJ) m'f.l£J1'1L~1(;1U'Vl C1 

Dnftf! ooo (%) 
.~ ·4 -z 0 ~ 0 

!OO 

BO 

Z e . 
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u 

0 

"0 
!J. 

~ 
·llO 

-~cO 

·100 ·50 0 00 ICO 

late10t D%p!~ment !mmJ 
, 

('11) (;]'1'flth'lL~1~UVi A2 

Clift Ratio 1"'01 
-6 -2 0 6 

-50 a 50 100 

lotet:-ol Oidocerr.ent 'm.--r~ , 
('I) (;],)'f.ltl1'1L~1~UVi 82 

Ofift Rafio 1'7~) 

-2 0 

·00 f----+-f-II-H?1'9 

.I"~ L-_~____'_~_ __'__~_---'-_~----' 

-100 -50 0 50 H}O 

lotefOI Qispacernenl Irr:n) 

_ I 1I.J 

(ttl) m'fl£J1'1L~1(;1U'Vl 02 

LL~:::rlru:::, 2006) 
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• • 

0"" LILI 

LL~~L~~'In~~'V11~1'U"lI1'1LLUU1£)"1 n~ 

Gomes LL'fI:; Appleton (1996) 1~L~'W'elLLlJlJ91'f1'el'l"lJ'el'l fl'l1).Ji).J~'Wfi~:;VI~1'1fl'l1).J L~'W 

rllJ fl')1).J Lfl1-tJ ~"lJ'el'l LVI~ nL~1).J t~tJVi"'l1Hl..!1 n1~trl'l L~1 :;"lJ'el'l LVI~n L~1).J LLlJlJ91'f1'el'lel~tJflJtJt'l 

).J1"'l1nLLlJlJ91'f1'el'l"lJ!l'l Menegotto U'fI:; Pinto(1973) ~'1 L~).J~hjl~Vi"'l1~n.m.J'fI"lJ'el'ln1~tri'l L~1:; 

'lJ'el'l LVI~n 04'tJl~L~'W'el LLlJlJ91'f1'el'l t~tJVi"'l1m.l1n1~trl'l L~1 :;"lJ'el'l LVI~n L~1).J ~'1'el1~tJVI~n n1~ 

fl'l1).J~).JC1l'fl"lJ'el'l'Vi~~m~).J'Vi'fl1~~n (equilibrium of a plastic mechanism) Lri'elLVI~nL~1).J~Ln~ 

n1 ~tri'l L~1:; UlJlJ91 'fI!l'l'J'el'l n1 ~tri'l L~1:;"'l:;Vi"'l1~ru1V1 ~'1 fl'el'Wn1-[;1~~).J L"'~n L~1).J Ln~n1~VI~ ~ 

~'el'W t~tJ1 'W'D'l'l'lJ'el'l n1~f1'el'WLLN m:;li1 (unload) 1~Vi"'l1~ru1 ~ 'fI'lJ'el'l n1~ tri'l L~1:;L;11 ltJ ~'l tJ 

04'tJl~Vl ~~'ellJ L~1fl'el'Wn1-[;1 L~1).J m~n1l1tJ1~LLNm:;li1 LLUULU'Wt)!)4'm91'W'l'W 9 ~'fI'lJ'el'l ~1 

t).J L).J'W~~~ rlUfl'l1).J t~'1'lJ!l'l"'U1 ~~ L~1 fl'el'Wn1-[;11~-w1).J1 LmtJlJ LVltJlJrllJ LLlJlJ91'f1'el'llYJ LlJ'elf 

(fiber model) LL'fI:;1~LmtJlJ L VltJlJ rlU~'fIn1~ij Lfln:;'I-l'ViU~1 ~'fI n1~ij Lfln:;'I-l~1~"'l1n LLlJlJ91'f1'el'l 

1~m1).J ~ n ~'el'l LL'fI:;~'el~fl~tN rllJ~'fIn1~ijLm1:;'I-l 

Bae LL'fI:;flru:; (2005) 1~L~'W'el LLlJlJ91 'fI'el'l "lJ'el'l fl'l1).Ji).J-A''Wfi~:;VI~1'1 fl'l1).J L~'WrllJ~:;tJ:; 
.J .J.., " x ...... I cl cJ" ".... q

Lfl 'fI'el'WVl ~1 'W"lJ1'1 LL'fI:; fl'l1).J '&1).J 'Vi 'Wn ~:;VI'l1'1~:; tJ:; Lfl fl'el'WVl ~ 1'W"lJ1'1 nlJ fl'l1).J Lfl ~tJ ~ [;11).J LL 'W'l LLn'W 

Lti'el'l"'l1n~fl'lJ'el'ln1~trl'lLm:; ~'11~r.l1nn1~Vl~~'ellJ LVI~nL~1).JfuLLN£W·h'W'l'W 162 vl'l'elth'l t~tJ 

Vi "'l1 ~ru1£[;1 ~1 ~ 'l'W ~:;VI~1'1 fl'l1).J tJ1'l rllJ'lJ'W1 ~ L~'W~1 'WPl'W tfn fl1'1 'lJ'el'l vl'l'elth'l LL'fI:;£[;1n ~'l 'W 
'II 

1.1. ..1.1'I. • I 
4 _ 4 "'" ~ qO ..r:!II 4.... ..r:!II q.... 4 

LL N LLfl:;[;1 ~ [;1'1 Lm'el'l'l ~~:;tJ:;Lfl'fl'el'WVl"'l1'W'l'W 2 Lm'el'l L 'Vi'el'l ~ ~:;tJ:; Lfl fl'el'WVlVl'l LL'W'l ~'1 LLfl:; LL'W'l ~1lJ 

LLlJlJ91fl'el'l"lJ'el'l m1).J i).J-A''Wfi~:;'''~1'1 fl'l1).J LA''WrllJ~:;tJ:;Lfl ~'el'W~ ~1'Wif1'1~1~L~'W'el )'j ~1 fl'l1).J LA''W 

.J q I.... .... ~ 1I q. cl ~ • 
~'1~~Vlfl'l1).J LmtJ~ LVl1nlJ 0.04 Vlfl'l"'l1n'W'Wfl'l1).J Lfl'W"'l:;).J fl1fl ~'fI'I L 'W'el'l"'l1n ~fl'lJ'el'l n1~ bn'l Lm:; 

'lJ'el'lvl'l!lth'l VI~'1"'l1n~1'W"'l ~flnn LL~'lri1fl'l1).J L~'W"'l:;fl~fl'l t~tJ)'j fl'l1).Ji).J-A''Wfi~:;VI~1'1 fl'l1).J LA''W• 
~ q.f'l.l" 4 . .J q ql ..... 

nlJ fl'l1).J Lfl ~tJ ~ Lu'WL'&1'W[;1N"'l'WfI'I fl1'V1 fl'l1).J Lfl~tJ~).J fl1 LVl1 nlJ 0,2 

~" o.d .d ...i., " ...i
Berry LL'fI:; Eberhard (2005) b~L~'W!lLLUlJ"'l1fl'el'l L'Vi'elVl1~:;tJ:;Lflfl'el'WVl~1'W'lJ1'1'V1 

~'el~ fl ~'el'l Ln!l LVI~ nL~1).J [;11).J tJ 1'l Ln ~ n1 ~ trl'l L~1:;1 'W L~ 1 fl 'el'Wn1-[;1 L~1).J L"'~ n t~ tJ iJ 3 

fl'l1).Ji).J-A''Wfi~-W1).J1~'''l1~ru1 ~'el n1'lVl"l'WLLlJlJ'Vi'fl1~~n (plastic rotation), £m1~'l'W~:;tJ:; 
..:Y ...J .... " • q A .J.J.J 1I 4 " 4 

Lfl 'fI'el'WVl ~1'W'lJ1'1 (drift ratio) LLfl :;fl1 fl'l1).J L VI'WtJ'l L'1I'I n1 ~ Lfl fl'el'WVlVl~'el ~ flfl'el'l L).J 'el L VI'fInL M).J 

[;11).JtJ1'l Ln~n1~tri'lLm:; t~tJ04'tJl~Vl~~'ellJ L~1~iJLVI~ nL~1).J[;11).J'lJ'l1'1XtJ~ L".~tJ).J91'W'l'W 62 

~'W L~1nfl).J~iJn1n~1).JLtl'WLVI~nL~1).J[;11).J'lJ'l1'1Ln~tJ'.l91'W'l'W 42 ~'W ijfi~1'if;hfln:;'I-l~!l n1~ 

ij Lfl~1:;'I-l"'l ~"').J'W'Vifl1~ ~n (plastic-hinge analysis), ~1n1 ~ij Lfl~1:;".1).J L).J'W~~~ rllJfl'l1).J t~'1 
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(moment-curvature analysis) LL'Cl::;n111"11(;1I"1::;L'W~'Cl'lJ'el-ln11L'eluf(;1Vll-l~1'W-nl-l'lJ'el-lL'I-I~m~1l-J 

(;]1l-J'lJ'l1-l t.J'Cl n11Vl (;1~'elU~U~ltJ(;ln~'l'W1::;'I-I~1-l 1::;tJ::;~t)(;1i.~Ln'el L'I-I~n L~1l-J(;]1l-JtJ1'l Lf'i (;1 n11Ln-l 
I 	 II.... 

L(;11::;rlU1::;tJ::;ViRl'W'lrui.~iOilmLUU~1'Cl'el-lVii.~L~'W'elU'Wi1l"llLYhrlu 1.01 LL'Cl::; 0.97 ~l'1-1fu L~lVii1 


L'I-I~ n L~1l-J (;l1l-J'lJ'l1'1 nj~ L'1-1 ~tJl-J LL'Cl::; L~l n'Cll-J~i1nlH~1l-J L1J'WL '1-1 ~ n L~1l-J (;l1l-J'lJ'l1-l Ln~m 

" 

(;lll-J~lr;)U 

Mounnarath (2006) i.~~m~l LL'Cl ::;~(ij.J'Wln11~'elVllU'lJ'el-l L'I-I ~ nL~1l-J1::;'I-I~1-li'W~'l'W 

1"1'el'Wn1(;l'1-1 'Cl'el~1 L1iOi LL'Cl::;LI"1N~ fl-lI"1'El'Wn1", L~1l-J L'I-I~ nL(;1tJU'Cl'el n~'ElVllU (coupler) Vl(;1~tlU L'I-I~ n 

L~1l-J~i1U'Cltl n ~tlVllUi.~Vl (;1 ~'elU1l1 tJ 1~ LL N ~-l, 1l1tJ1~LL NtJ(;1 LL'Cl ::;LL1-l n 1::;l1 1 LLUUt)!)'~'n 1(;l1l-J 

LL'W'lLLn'W ~-lril~-l'lJtl-lU'Cl'eln~'elVllU~'el-lilril~-l~'(;1l"1nnl-Jlnn~l 1.25 LYh'lJ'el-lril~-l~'(;1l"1nn 

'lJ'el-l L'I-I~m~1l-J L'I-I~nL~1l-J(;]1l-Jl-Jl(Jl1~1'W'lJ'el-l UBC(1997) L(;1tJYi"l11rull"1'l1l-J'I-I'Wl'lJ'el-lU'Cl'el n~'el... 
VllU ,1::;EJ::;'I-11-l1::;'I-I~1-lL'I-I~m~1l-J~-l 2 ~1'W1l1EJ1'Wu'Cl'eln~'elVllU LL'Cl::;mll-JtJ1'l'lJ'el-lU'Cltln~'elVl1U 
cT'l4'EJi.~~m~lt.J'Cl'lJ'el-lril~-l. l"1'lll-JL'I-lilm LL'Cl::;n11~'CllEJ~~-l-l1'W'lJtl-lL'I-I~m~1l-J~i1n11~'elVllU 

~'lEJU'Cl'el n vi'ElVllU t.J'Cl nl1Vl (;1~'elU L'1-1 ~ n L~1l-J~il n11vltlVllU1l1EJ1!iiLLN ~-l~U~lmll-J'I-I'Wl"1l'el-l 

U'Cl'el n~tlVllui1 t.J'Cl~tlril~-l'lJ'el-lL'I-I~m~1l-J 1"1'l1l-J'I-I'W1LL'Cl::;1::;EJ::;'I-11-l1::;'I-I~1-l L'I-I~ m~1l-J~-l 2 ~1'W1 'W 

U'Cl'el n ~'elVllUi1 t.J'Cl ~'el ~11"1'l1l-J L'I-lilm 'elEil-lhri(;lll-J~U~l Ln'el j;J'l'elEil-l L'I-I~ n L~1l-Ji1 ril~-l~-liOi::;
" 

~-l t.J'Cl1~ ~11"1'l1l-J L'I-lilm LL'Cl::;n11~'CllEJ~ ~-l-l1'W'Cl(;1'Cl-l n11Vl (;1~'elu1l1EJ1!iiLLNtJ(;1~U~l j;J'ltlEil-l 

L'I-I~n L~1l-J~i1u'Cl'eln ~'elVllU~ll-Jln-lfu LLN m::;l11i.~-li1~1~-l~ (;11n~LiiiEJ-lrl'WLL'Cl::;Ln'ElLn(;1 n11Ln-l 

L(;11::;~-lt.J'Cl1~1"1'l1l-J~1l-Jln-ll"1'l1l-J1'Wn11fu LLNiOi::;'Cl(;1'Cl-l j;J'ltlEil-l L'I-I~n L~1l-J~i1u'Cl'eln vl'elVl1U i1~1 
"" 	 ~ .,J"" ,J 'I". ~ ~ 

1"1'l1l-J L 'I-I'Wm LL'Cl::;n 11~ 'Cll EJ~ 'Cl-l-ll'W Vl (;1 '(l'l'Wnl1Vl (;1~'elU1l1EJ b(;l LLN m::;Vll LLUU'l!)iOi ml1l1l-J 

LL'W'l LLn'Wi1n1n~'el'Wi.Cl'Cl1::;'I-I~1-lj;J'l'elEil-l'lJ'el-l L'I-I~ n L~1).J LL'Cl::;~'l4'U"1l'el-l Ll"1i'el-l1~LLN~-l 1~t.J'Cl n11 

Vl(;1~'elu~hJ~l-J\!1ru 

I"1ru~l-JU~'lJ'el-lLI"1N~fl-l~~l LU'W~tl n 11!iil 'WVl1 'WLLN LL~'W~'Wi. 'I-I'l iOiln Paulay LL'Cl::;• 
Priestly (1992) i.~L~'W'elf"lru~l-JU~~~lLU'W 3 f"lru~l-JU~ ~'el ~~yjL'W~. ril~-l'lJtl-lLI"1N~fl-l LL'Cl::; 

mll-JL'I-lilmLI"1N~fl-l ~-li1nEJ'Cl::;L~EJ(;1r;)-l~tl i.uC 

2.2.1 	 l4~-WL \.114 (stiffness) 

.....1" 'I'" ~.....;/. 'I ~ ...... 
~"'l'1L\.I~ 1"1'El mll-J~1l-Jl1Cl b'Wn11m'WVll'WLLN"1l'El-l bI"1NM1-lLl-J'elm::;Vll b'l-l bI"1NM1-lLn(;1 

n11Ln-l j;J'l L(;1EJ~~yj L'W~ LU'WI"1'l1l-Jil-J~'Wfi1::;'I-I~1-l LL1-l m::;l11rlU1::;EJ::;Ln-l j;J'l'lJtl-l LI"1N~fl-l ~-l LU'W 

1"1 ru~ l-JU~'lJ'el-lLI"1N ~ fl-l~~l LU'W~'el n11~1'WVll'WLLN LL~'W~'Wi.'I-I'l l"1'lll-Jil-J~'Wfi"1l'el-l1::;'I-I~1-l LLN• 
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m::Yhnm::£J::tn'l~'l'lJ'il'lt~N~h'l111mLNm::vi1LL'IJ'IJ.r~]'~mh!-rl'l,:n~,:n~'W ~tl K = PI' / ~y 

.rrwwtJ'Wm ~'il'il n LL 'lJU111 £J lrX LLN m::vi1 LL 'IJ'IJ.r!)~mrX'il'l m'l~Ml'IJ ~::£J:: L~ ~'il'W~'lI'i.l'l LLr;i~ ::.ft''W t(;1 £J 

~ e.J ~ l7l'il'IJ~'W'il'l'll'il'l t~N ~ ¥1'1 rX'il'l'il til'W-rl'l'l~ml ~lm~N ~ ¥1'1~'IVI~1£J1(1)'lJ1'1~'l'WLLr;iU'l1,ji)u'i
" 

LL~::~1~1~C1"1i'i.l~LL'll~1(1) (serviceability limit state) 

2 .2 .2 ri1~'I"lJ'a'l1fl'i'l~fl'l (strength) 

ri1 ~'I'lI'tJ'I t~ N ~ ¥1'1 LU'W~,ru.~ ~u~~r,h LU'Wr;i'tJm ~rX1'WVl1'WLLN LLcJ'W~'W1",'l ~'I"'~1tJn'l 

t~N~ ¥1'1 rX'il'l i1 ri1~'1~ LVi £J'IYitl r;i'i.l m ~rX1'WVl1 'WLL N m::vi1 r;i'il111 £J 1'W'lJ'i.l'l t~N ~ ¥1 'I11 1 £J lrXLL N 

m:;vi1 LLcJ'W~'W1"''l1WD'l'lU (;1",ti'W1(1) t(;1 £J ri1~'I'lI'i.l'ltm'l ~ ¥1'1"l ::i1~'l1~ i ~~'Wfi1(;1£J 17l N n'IJ ~~wL'W ~ , 

2.2.3 fl'l1~LVlum1Fl'i'l~fl'l (ductility) 

~'l1~L ",i1tJ'l t~N ~¥1'1 ~'i.l ~::tJ:;m ~tn'l ~'l'll'il'ltm'l~¥1'1"'~'I"l1 m~tJ-rl'l'lU (;1",~'W1tlLL~'l 

t(;1£J~'l1~ mi1tJ'l'lJ'il'l t~N ~¥1'1~'Wtlti n'IJ.r~(;1~H1 'Wt~N ~¥1'1 L~'il~"l:;l'lXt~N~ ¥1'1 Ln (;1 m ~i)'IJ'i" , 

LLcJ'W~'W1",'l ~::~1J1.h'Wn ~1'1 ~1m1~L ",i1tJ'l'lJ'il'l tFlN ~ ¥1'1 i1 e.J ~ r;i'il m ~~ (;1aDUYi ~'I'I1'W1'WYi ~ ~m~~ 

LLUU~'l!LYi£J1;'l! ~191n(;1m1~'lJtl'l~'l1~L",iltJ'l1(1)LL~(;1'11'W~~m~~ 2.1 

Ii=~/~y>l (2 .1 ) 

t(;1£J~ ~ ~'il ~::£J::L~~'il'W~ ru. ~1LL",ti'l1(;11 "'~'I~1n,~nn 
4 4.cJ 

~ y Fl'il ~::£J::L~~'il'WVI ru. '(;1~nn 

~'l1~L",iltJ'l~1(1)il£J1~L;j'ilt~N~h'lln~~::Ln(;1n1~i)u~1(1)~1 liu =~u / ~y ~'Il'W 

'I1'Wi)~tJ1(1)~ mni)fi n1~"'1~::£J ::L~~'i.l'W~ ru. , (;1 ~ n n LL~ :;T:;tJ:;L~~'i.l'W~~'I ~ (;1~1~i1m H~'W'il~1 
t(;1£Ji1n£J~:;L~£J(;1~'I r;i'tJ 111~ 

Priestley LL~:: Park (1897) 1~L~'W'ili)fim~"'1~'l1~ L",i1tJ'l'lJ'tJ'It~~'1~¥1'1t(;1£Jm1Lll~£J'W 
L~'WtA''I'lI'i.l'IJ'W'il n (envelope curve) ~1(1)~1 n m ~V1 (;1~tlU LtI'WL~'WtA''Il'W~(;1~~~~'Ii1~'W~lrXnnw 

I'" 4~ I IV J' .J "'" ~.d ..J'lJ'il'lL~'WtFl'll'W~(;1~ ~17l~~1LVI1nUYi'WVll171nnw L~'Wt~'I'lI'il'IJ'W'iln~1n m~V1 (;1 ~'il'IJ '11'1 ~:;£J::L~~'il'WVI 

1" .!'.J .1.,1 ... .!' ?" 1" .J.J 1 " ru. '(;1~nn"'1 (;1"l1m~'WVlLu~£J'W~'l1l-J"JI'W~1nL'(-l'Wb~'I 'W~(;1l-J~(;) LL~::~::£J:;L~~'il'WVI~'I~(;1"'1 (;1 

.J.Jq • .!' ?" 1 ... ..... .1 
~1m:;£J:;L~~'i.l'WVll-J LLN m:;VI1'lJ'il'l L~'W b~'I 'W~ (;1l-J~(;)~'I~(;1~'I L"'~'i.l 80% lu LL'lJUm~",,)m1l-J 

mi1tJ'l1(1)LL~(;1'11'WlU~ 2.11 
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2.12 

Hu 

!! =1 

I 
Actual 
erwelope curve 

C:li5ed-­

eiasto-plostic 
behaviour 

Load =0.81-\.0. 
or onset cI 
hoop frocIure 

tJ. y tJ. u 
Centre-of-mass Displacement 

, I I I I I 

J
.t:I .C!I qq .C!I q 

~, Vl 2.11 ~~t1~Lfl~tl'WVlVlr.HplflnmL~~~~t1~Lfl~tl'WVlt;\\'l~I1l"1l!l'l Priestley LL~~ Park (1897)
'U Ii D,) ~ 

LATERAL LOAD P 

Cycle(l) 

tJ.
1
_ 

tJ.1" t (tJ.I+ +tJ.I_) 

Pi....... • t ( Pit + PI- ) 

XI " t ( XI+ +XI- ) 

, " 
~ "'.oI':Iro..::.l q ~ ..,.d; .d; q

Paultre LL~~flru~ (2001) LI1l L~'Wmfin1~Vl1fl'J1l-JLVI'WtJ')"1Itl'l LflNM1'l 'l!'l~~t1~Lfl~tl'WVl 

ru ,111 fl~1nVl11Jln1~~1 n fl'J1l-J-D'Wb'W'rl,)'l~I1lVl~'W~.h'W~h 75%"1I!l'l LLN m~vi1~'l~ 11l1UU~~"'J~ 
I'" I I 

~~c;lU L~tJ') flU LLN m~vi1t;\\'l~ 111 ~'l"1 n ~1 LLVI'Il'li1~1l-J1~ClVl1~1~~t1~Lfl~tl'WVi ru "111 fln n 1Jl LL~~0,] • • 

.d.J ~" .d.J.... • ... .1 
~~t1~Lfl~tl'WVl~'l~ 111 WI L~"1m~t1 ~Lfl~tl'WVll-J LLN m~Vl1~'l~~fl'l LVI~tl 80% ~u LLUU n1~Vl1fl')1l-J 

LVli1tJ')1JlLL~~'lb'W~U~ 2.13 
'1/ 
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2.14 

Horizonlal 
load i 

H' flK I 

/ Idealized diagram
lJ' 

O.BOH'1Jl.a;: 

,~nvelope curve I 
aver ge of 

, oth alIeclions) I 

O.75Jf= 

I I 
Ky1 , I 

I I 

Legeron LL~~ Pualtre (2002) 1~'t~U'fl';jfin1)"W1rl'l1).JLl-liltJ'l'1J'fl-.:JLrl)"a~h.:JL£1IEJn1), 

LU~ tJUL~UL~-.:J'lJ'flUU'fl nHfr.n n n1),YI £1I~!lU LtlUL~UL~-.:J lU'fl, £1I).J rl ~~-.:J ~1 nrl'l1).J-nu1u"ll'l-.:J~£1I'VItlu. 

m~~1'1J'fl-.:JL~UL~-.:JlUT,J£1I).J rl~~-.:J~£1I rl-.:J L'VI~'fl 80% XU LLUUn1),'VI1rl'l1).J L'VIiltJ'l1rJlLL~£1I-.:Jlul1.J~ 

v 

Steel Yielding 

Crocking 

Capacity of Confined Section 

_L~deal Flexural Strength 

Vu 
Ultimate Failure 
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~1",f1J L~1~~~mtru:::rn'W~'W"'l1 nrl'l1l-J~l-J~'Wfi~:::"'~1'1 r1'l1l-JL~'1 LL~:::~1r1'l1l-J L",ih.l'l L1'1 

n1nrl~tl'W~ (curvature-displacement ductility relation) ~l~L~'WtlL~t.I Paulay LL~::; Priestly 

(1992) ~1l-J1 n1"'1~1 r1'l1l-J L",ilm L:n'l n1nrl~tl'W~1~"'l1n n1nB~'Wfir1'l1l-J L~'1 (;1~tl ~ r1'l1l-Jm'l 

Jl _ ~III _ J¢(x)xdx 
(2.2) 

6 - ~" - J¢e(x)xdx 

L~t.I~ ¢(x) ~tl ~1n1m~::;"'l1t.1!Jl'l'lltl'lr1'l1l-JL~'1~~1~'1~~ 
¢e (x) ~tl ,"hn1m~::;"'l1t.1[;]'l'lltl'lr1'l1l-IL~'1~~1~~Plnn 

~:::t.I::: LrI~tl'W~~"'l~r1 ~1n ~1l-J1 ~()"'1~11~~t.I (;1N"'l1 n ~1 n 1 m ~::;"'l1 t.I [;]'l 'lltl 'I r1'l1l-JL~'1~ ~1, 

I I I I I 
q 4 q ..:::9:,,_ .- _4 

~l-J n1~'Vl 2.3 LL~ ::;~:::t.I:::lrl~tl'W'Vl ~'1~ (1)'ll'l (;1tl'l r1~ l:J~'lltl'l n1 nn (1)~ (1)'" ~'W~ ~1 ~ (;1 n L'Wtl'l"'l1 n 

~~~nnl-JhiLon'll~'WL(1)m:::t.I::;LrI~tl'W~i'l"'l-J(1)"'11~"'l1n ~m = ~y + ~p ~1l-J1~mh:::l-J1ru~1 
, ... .J 

l'Vl1n1J~l-Jn1~'Vl 2.4 

~y=¢//3 (2.3) 

~III =~y +(¢p)lp(l-O.5lp) (2.4) 

L(1)t.I~ ¢p ~fl ~1n1~m:::"'l1t.1[;]'l'lJfl'lrl'l1l-JL~'1~~1~(1)"'~'W~~1~~n~~1lVhn1J ¢m - ¢y 
.dI _ _ .J 

lp r1fl ~:::t.I:::~~1~(;1m.ltl'lL~1~n1tru:::rn'Wt.I'W 

~:::t.I:::~(1)"'~'W~~1~~n~1~~n1~Pin1t1l-J1~'1~nm'l::;L:at.l(1)~'1l?itlhJd 

Barker lL~::: Amarakone (1964) 1~L~'Wtl~::;t.I:::"'l(1)"'l-J'W~~1~~n ~'1~~:::t.I:::"'l(1)WI.I'W
4IJ " " ., 

~~1~~ntl~1'W-rl'l'l 0.4 n'l 2.4 lvl1'lltl'l~:::t.I::;r1'l1l-J~mh:::~'Vlfil:J~ (effective dept) LL~:::1~L~'Wtl 

(2.5)lp =O.8klk3 (~)c 
L(1)t.I~ d ~fl r1'l1l-J~m.h:::~'Vlfil:J~'lltl'l",U1~(1)l~1",1tlrn'W 

Z ~tl 'lJ'W1(1)L~'W~h'W~'Wun~1'1'lJtl'lL",~nml-Jm'l 
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kl ~tl rh~-l~~rh 0.7 ~1V1f1JLVI~n~~~tl'W LL~~ 0.9 ~1V1f1JLVI~n~~L~'W 
~ ~!l rh~-l~~rhLVhn1J 0.6 ~1V1f1J fe' =5100 psi LL~~ 0.9 ~1V1f1J fe' = 1700 psi 

Corley (1966) 1~V1~~tl1Jm'W~!l'Wn~[;l91'W'J'W 40 [;]'Jtl£i1-l dJ'Wm'W~~~1'W1'E1-lf1J!l£i1-l 

~1tJ (simple beam) m~'t11~'JmLNLL1J1J9~ (point loads) L~tJ~91m<nn11Ltl1Jf~'1J!l-lrl!l'Wn~[;l. 

d 	 z 
(2.6)lp =2+ 0.2 fd 

L~tJ~ 	 d~!l rl'J1~~m.hdqV1ijcJ~'lJ!l-lVlii1[;]~L~1V11!lm'W (U'J) 

z ~'El1~tJ~1~VI~1-lVlii1[;]~f)n~[;l?i-l,~1,xLLN (U'J) 

V1~~'El1Jrl1'W91'W'J'W 37 ~'W LL~~1~L~'W'EI~~n1m11V111~tJ~'~Vll..j'W~~1~~n[;]-l~~n11~ 2.7 

d
lp =-+0.05z 

2 
(2.7) 

L~tJ~ d ~'EI m1~~mh:;~V1fi~~'lJ'EI-lVlii1[;]~L~1V11'E1m'W 

Z ~'El1~tJ~1~VI~1-lVlii1[;]~f)n~[;l?i-l,~1,xLL1-l 

Park LL~~rlru~ (1982) 1~V1~~'El1JL~1rl'El'Wn~[;l'lJ'W1~ 0.55 ~. x 0.55 lj. 91'W'J'W 4 ~'W 

91n~~n11V1~~'El1J~9tJ1~L~'Wm~tJ~9~VI~'W~~1~~nr;1-l~~n11~ 2.8" 	 . . 
(2.8) 

Priestley LL~~ Park (1987) 1~L~'Wtl~~n1n~tJ~'~Vll..j'W~~1~~nL~tJ~~~~'lJ'EI-ln11 

L~ L~'W!Jlr;1I1l'lJ'EI-l L~1LL~~n11rl11 n'lJ'EI-l LVI~n L~1wl1tJl'W~1'W11 n 1~L~'W'EI~~n11n11V111~tJ~' ~ 

lp =0.08L+ 6db (2.9) 

L~tJ~ L ~'EI rl'J1~tJ1'J'lJ'EI-lL~1 (~.) 

db ~'EI '1J'W1~L~'W~1'W~'Wun~1-l'lJ'EI-lLVI~n[;l1~tJ1'J (~.) 
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Paulay LLrl~ Priestley (1992) 1~unt"ll~l-Jn1~~ 2 .9 1~~L~'\.,V~ L~EJ Priestley LLrl~ Park 

(1987) L~EJ1~LLU-:J~~~lJ"lltl-:JLVI~m~1l-J (;Ill-J EJ1,) ~-:J L~ 'Wtl~l-Jn1~n1~Vll~~EJ ~9 ~Vll-J'W'Yirll~ ~n~-:J. . 

(2.10) 

L~EJ~ 	 L ~tl mll-JEJ1,)"lltl-:JL~l (l-J .) 

db ~tl "ll'Wl~L~'W~1'W'!l'Wunrll-:J"lltl-:JLVI~n(;l1l-JEJ1,) (l-J.) 

fy ~tl fh~-:J~"~f1nn"lltl-:JLVI~m~1l-Jml-JEJ1,) (Ll-Jnn:;Ul~f1lrl) 

Sheikn LLrl:; Khaoury (1993) 1~'Vl~~tllJL~1 f1!l'Wn1(;1fllEJ1j;'(LL~-:Jm~.yh1'WLL'W,)~-:J~~-:J ~-:J 

L~'W!l~l-J n1~n1~Vll~:;EJ:;9 ~Vll-J'W'Yirll~ ~n ~-:J ~ l.ml~~ 2.1 0 L~m~'Wtl~l-Jn1ml~Vll~~EJ:;9 ~Vll-J'W 
, ill 	 " " 

lp=l.Oh (2.11 ) 

L~EJ~ h ~!l f1,)ll-J~n"lltl-:JVI,rl~~L~l 

Bae LLrl:; Bayrak (2008) 1~'Vl~~tllJL~1~1'W,)'W 4 j;'('W 'YilJ';h~~~lJ"lltl-:JLLNm:;.yhl'W 

LL 'W,) LLn'Wij tJ rl (;]!l ~~EJ~9 ~ Vll-J'W'Yi rll ~ ~n L~ EJ1~L~'Wtl~ l-J n1 ml~Vll~~EJ~9 (;)Vll-J'W'Yi rll~ ~n~-:J
" " 	 .. " 

.J 
~l-Jn1~'Vl2.12 

I~ +3(~J+3(~JOl](~)+om025 (212) 

L(;)EJ~ Po ~!l LL~-:Jm~.yhtJ1ll-JLL'W,)LLn'W~-:J~(;)(;Ill-J-iftlrilV1'W(;) ACI 318-05 L(;)EJ~ijfilL'VhnlJ 

O. 85l{Ag -As)+ f yAs 
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.,,; 
1.1 'VI 'VI 3 

~ ~, 
'l1 u~~tJi11~~n1j'1 L~1 rl'fl un1(;lVl iJ n1 ~ L~1l-lU~'fl n ~ ~ f'l L'\.I~ n L~1l-l m l-l tJ1') LL~::~n1j'1 

~~~m~l-l"lJ'fl'lU~'fln~ ~f'l L'\.I~ n L~1l-l ~'llJVl~9::mh')Ci'l~~~nnl-l"lJ'fl'lu~'fln~~f'l L'\.I~ m~1l-l~'l 
LUU~')utl~::n'fllJ~1ri'ry"lJ'fl'l r;l,)'flU1'l L~1~iJn1n~1l-ltl~'fln~~f'l L'\.I~ n L~1l-l t~tliJntl~::L~tI~ 
~'l(;]'fl1tl~1~LLri rlru~l-llJ~'iI'fl'ltl~'fln~Vlf'lm~nL~1l-l, n1n(;l1tJl-lr;l,)'flU1'lU~'fln~~f'lL'\.I~nL~1l-l,• 

U~'fln~~f'lL'\.I~m~1l-l~Hf'lu'l1U~~tI~Vi191m'\.l~mn~~ SS400 ~'lLuum~n~1).]iJ~~ 
'iI'fl'l~L(;l~U~1fL~uii'l (strain hardening) iJrh~'l~'~rlnn (yield strength) ~'fl'l1).]ti'fltln~1 

392 Ll-lnn::1.h~rl1~ (4000 nn.l'J!l-l.2) HfL~1l-l1ur;l,)'flU1'lL~1t~tJVl~M)lJL~'fl'\.l1fJru~l-llJ~ri'flU~ 

ll1U~'e)n~~f'l L'\.I~ m~1l-l1t1L~1l-l1ur;l,)'flU1'l L~1 ~'l rlru~ l-lIDi'il'fl'ltl~'fln~~ f'l L'\.I~m~1l-l~~1 ri'cu 
1 ~ 

~1l-l1~Cl'\.l11~91nVl~~'fllJflJLLN~'l1u,xtl'ltlBlJ~ ~~n1~Vl~~'fllJ91n~t1~ 3.1 ~lJ~1Yhtw~l~~ 

u~'\.IuuiJfhL'Vhn1J 199173 Ll-lnn::t11M11~, ri1~'lflJLL~'l~'l~9~rlnniJfhL'VhnlJ 513 Ll-lnn:: 
• 1 

U1~rl1~ LL~::ri1~'lflJLLN~'lU~::~tlYhLVhnlJ 580 Ll-lnn::t11~rl1~ ~'l~lJ~1L'\.I~mm~ SS400 iJ 

rl 
1 
ru~l-lU~~t~ ~LIfiU~tl 1Un1~Vl ~~'fllJ flJ LLN ~'l~lJ~1'\.1~'l9 

• 
~rln n'il ru::~ rl,)1l-l Lrl1t1 ~ L~l-l LLI?l 

MLL~~'l1u~'l~U~ 3.1 LL~::(;l1n'l~ 3.1 LL~~'lflru~l-llJ'1i'il'fl'lL'\.I~mm~ SS400 ~Hfvhu~'fln~~f'l 
m~m~1l-l 



Stress-strain relation for 55400 
700 

600 

ultimate stress = 580 MPa 
500 

yield stress = 513 MPa .C\l 
a.. 

4006 
til 

til 


~ 300 
U5 

200 

100 I-SS400 I·· 
J 

0 

0 	 0.02 0.04 0.06 0.08 0.1 

Strain 

"lCU~).J~ 

rh~.:)f1JLLN~.:)Vi'!pH"l11n. i y 

(L).Jnn:;thM1~) 

rh~.:)f1JLLN~.:)th:;~f.J. hu 
(L).Jnn:;1..hM1~) 

L).J~~~~v\\.l~U. Es 

(L).Jnn:;thM1~) 

SS400 513 580 199173 

~,)'El£h-:Ju~'Elnul1If-:J L~~n L~1~U1:;nmJ ~')m~~n-1f'El~mJ'lJ'U1I11L~'U~1'W~'\.Urn~1-:J 25 ~~. 

(DB25) L~~ n'lJ'U1I11l~mn1J L~~n L~1~j;)1~tI1,)'lJ'El-:J~,)'Elr.h-:JL~1~,)~ ~,)£Ju~'Elnul1If-:J L~~n L~1~ 
n1n';1u~'Elnul1If-:J L~~m~1~vi191m~~mYj~1Ln1111 SS400 n~-:Jl"n~'lJ'U11fl (;]1~ri1~'U11ILI1I£Jij 

~miru:;Llj'UYlNm:;1J'Elnn~,)-:J~-:JijL~'U~1'U~'Urrn~1-:JJl1£Jl'ULvhn1J 27 ~~. vY-:J~~11I 5 'lJ'U1111 1,)~ 
6 (;],)'El£h-:J ~miru:;n111,x11£J~:;L~£JI1I'lJ'El-:Ju~'Elnul1If-:Jm~m~1~1~LL~I1I-:J11l'U(;]1n-:J~ 3.2 ~-:J1~ 

• I ~ 	 • I ... ~ '" ... ~... 1. I.J .... I.J
LllJ1~'Uj;)1~fl,)1~tI1,)LL~:;Fl,)1~~'U1'1J'El-:JlJ~'Eln£JI1INL~~mM~ LI1ILL~I1I-:J 'U1lJYl 3.2 CN1lJYl 3.3 

" " 
~,)'El£h-:Ju~'Elnul1If-:JL~~m~1~~YlI1l~'El1J1')~vY-:J~~11I 6 ~')mh-:J ri1~'UI1I~'El~,)'Elrh-:Ju~'Eln 

Ul1If-:J m~n l~1~~-:J1,x~1£J(;]'Elm1L-1f1191cJl~1~11n'Elfi1J1£J1cJl~-:J[;]'El11J~ 

L 150-T6 ~~1t1n-:J ~,)'Elth-:Ju~'Elnul1If-:Jm~m~11-J~iju~'Elnul1If-:J'1J'U1I11fl,)1~tI1') 150 

~~. ijFl,)1~~'U1 6 ~~. (L~'U~1'U~'Urrn~1-:JJl1£J'U'Elmvhn1J 33 ~~.) 

L 100-T9 ~1-J1£Jn-:J (;]')mh-:Ju~'Elnul1If-:JL~~mt'l1~~iju~'ElnUlflf-:J'1J'U1I11Fl,)1~tI1') 100 

~~. ijfl')1~~'U1 9 ~~. (L~'U~1'U~'Urrn~1-:JJl1£J'U'ElnL'vhn1J 36 ~l-I.) 
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L 100-T6 't-U.J1tJn\l [;],)iltl1\lU~iln~ (iI¥\ll'l-1~nv~'hJ~:ihJ~iln~(iI¥\l'lJ'W1 (ilrl,)1l-ltJ1') 100 

l-ll-l . ;ijm1l-l'l-1'W1 6 l-ll-l. (l~'W~1'Wpj'WtJn~1\lfl1tJ'Wilmvhnu 33 l-ll-l.)
" 

L 100-T3 'l-1l-l1tJn\l [;],)ilEl1\lU~iln~(iI¥\ll'l-1~m~'hJ~;iju~ilnU(ilf\l'lJ'W1(i1rl,)1l-ltJ1') 100 

l-ll-l. ;ijm1l-l'l-1'W1 3 l-ll-l. (l~'W~1'W~'WtJn~1\lfl1tJ'Wilmvhnu 30 l-ll-l.) 

L50-T6 'l-1l-l1tJn\l [;],)'tlEl1\lU~iln~(ilf\ll'l-1~m~1l-l~;iju~ilnU(ilf\l'lJ'W1(i1m1l-ltJ1,) 50 l-ll-l. ;ij 

rl,)1l-l'l-1'W1 6 l-ll-l. (L~'W~1'W~'WtJn~1\lfl1tJ'Wilmvhnu 33 l-ll-l.) 

No-collar 'l-1l-l1tJn\l L'l-1~m~1l-l~1~iiu~iln~(iI¥\lm~m~1l-l 

1'l'l1)'!U1'l 1'l'l1)'!'vlUI ().!).!.) 

().!).!.) 9 6 3 

150 - L 150-T6 -

100 L 1 00-T9 L 100-T6 L 100-T3 

50 - L50-T6 -
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n1~'V1 ~ MnJ I?l'HH.h.:nJ~Hl n~ ~f'l L~~n L~1l.J'V1 ~ ~Tlufu uN'el~ U11l.J UlJ'l LLn'lH ~Tl~1 

rl'l1l.J~l.J~lJfi~~~~1'l rl'l1l.J LA'wlu fl'l1l.J Lfl1EJ WllTl'l U~~~I?l'lTlEi1'lU~Tl n~~f'l L~~ n L~1l.J~'l1~ 

'V1~~TlU ~'lmfl1Tl'l1~LLNml.J LLlJ'l LLnlJL~EJn1~rl'lU'1l.J n1nfl~TllJ~ (displacement control) ~'l1~ 

n1~lJ~'elU1nrl'l1l.J Lfl1EJ~TlEi1'l.jf1 (slow strain rate) n1~'V1~~Tlul~~ ~ ~'l I?l'lTlEi1'lU~Tln~ ~f'l 
Lm1n L~1l.J1~Tl~~'l n~1'l'1lTl'l1X'l4'u~'l~Tl'l'1lTl'l LfliTl'l1~LLN m l.J LLlJ'l LLnlJ L~EJ n1~lJ~1~~~EJ~lA1'l 
~~~~1'l1X'l4'u~'l~Tl'lL'Vhnu 200 l.Jl.J. ~~TliJ'elU1~1~'llJ~~~~1'lfl'l1l.Jm'ln1JL~lJ~.hlJ~lJ~n~1'l'1lTl'l 
L~~nL~1l.J~1~~'ll.Ju~Tln~~f'lm~nL~1l.J (UD) 8 Lvh ~'ln1~L~Tlm~EJ~lA1'l~~~~1'l1X'l4'u~'l~Tl'l 
Lvi1nu 200 l.Jl.J. LmEJuL~nTllJu~Tln~~f'lm~nL~1l.J~TluL~~nL~1l.Jml.Jm'lllJl?l'l'tlEi1'lL~1 CC­

09-200 L~EJiJ~::;EJ~lA1'l~~~~1'lL~~nL~1l.Jml.J'1l'l1'lLVhnu 200 l.Jl.J.i~~nL~1l.Jml.J'lJ'l1'lVi1 

~ti1~~~f'l'V11'l ~1lJ;r1'l LmEJU L~nTllJ1X'l4'1J'jITl'l Lfl1Tl'l1~LLN ml.J LLlJ'l LLnlJ L~'tl~"~~1'11lJ1 ~'1ITl'l 

u~Tln~~f'l L~~n L~1l.J~ L~l.J1::;~l.J~~1l.J1Hl1-ifnu I?l'lTlEi1'l L~1,,1'l1~ ~'llU UUUn1~~~~'l LL~~n1~ 
'V1~~TlUI?l'lTlEi1'1u~Tln~~f'lm~nL~1l.Jl~LL~~'l1lJ~U~ 3.4 LL~::;~U~ 3.5 U11l.J~1~U 

" " 
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U~tJn~ I'lf'l LVI~m~'hJl:J fll ll...1 "'~~~ I'lVltl'Wln~LL~~fllnl ~'lfu LLNtll'l~'"lI'lf'ln n ln~L~tN fl'W Ll'ltJl:J"..J. • 

fllLLl?ln(;]l'lfl'WVI~'l'I'lf'l~ln LL~~~U(;h~'Jtltll'lU~tln~l'lf'lLVI~m~1l-J L50-T6 LL~~LVI~m~1l-J~hj 
" ..J " l:Ju~tln~ I'lf'l LVI~n L~1l-J l:J f'l'J1l-Jil-J~'Wfi~~VlrJl'l f'l'Jll-J L fl'W flU f'l'Jll-J Lf'l1tJ l'l'Vlln~L~tJ'l fl'W ~'l 2 

~'Jtltll'l hjl:J mll-J~ll-J1~rll'Wn1~fU LL~'l ~l'W;rl'l~ Ln 1'l'"l1 nn1~Lrl'l Ll'll ~'iJtl'l LVI~n L~1l-J l:J fll~~ltJ 

~~'l'll'W~ln~L~tJ'lfl'W ~tl 4.38 m~il'J~'W-Ll-JI?l~ LL~~ 4.23 m~il'J~'W-Ll-Jm ml-J~l~U 
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• • 

(i]'J'flEhl1J~'flnul1lf'l LlH~nL~1-~~ihJ~'flnul1lf'l L\-1~nL~1-~ L 150-T6 ~1~11'ClfuLLN'fl11l 
m:::vh ~1 ~~1~LL'U'J LLn 'UL~~~'U\-1~'l9 ~An n9'Un'l9111~u'1i U ~'fl nu ~f'l L"'~ n L~1-~ ~1~11'Clfu LLl''1 

~1'U-ii1'l~ Lii 11191 nn1l'lri'l LI1I1:::'lI'fl'l L"'~ nL~1-~l~m n~~ 111 ll1lunrh~~1U'Vi~'l'l1W'll'l ~ 111 LVl1 riu• '.1 • 

8.80 nt~U'J(i]U-L~~l' 

(i]'J'flEh'lu~'flnul1lf'l L",~n L~1-~~nU~flnUl1lf'l L\-1 ~ n L~1-~~L\-1~1:::~~~1~11'Clfu LLN'fl11l 

m:::Vl1 ~1~m~LL'U'JLLn'Ul~rl'fl'U-n1'l A'l~"'~'l9111 An n LL~:::n n11'~~1U'Vi -K'l'l1'U~ mm :::~~;'ln 2• 
'lI'U1~ ~'fl u~'flnul1lf'lm~nL~1-~ L 100-T9 LL~:::u~'flnul1lf'lm~nL~1-~ L 100-T6 nrl1~~1U 
'Vi~'l'l1'U~1n~\~tJ'lri'U ~'fl 6.64 LL~::: 6.49 nt~U'J(i]'U- L~~l' ~1~~1~U L'Vin:::'il:::,r'U9'lL~'fln 

(i]'J'flrJ1'lU~'flnU ~f'l m~n L~1-~~nU~'flnU I1If'l L ",~n L~1-~'lI'U1111~n A'J1~U1'J 100 ~~. LL~:::n A'J1 ~ 
\-1U1 6 ~~ . ~~n11''V1I11~fllJ(i]'J'flrJ1'lU~'flnU ~f'l L\-1~nL~1-~fu LLN'fl~~1~LL'U'J LLn'ULLunr'U'lI'U1111 

A'J1~U1'JLL~:::r1'J1~"''U1~'lLL~ ~'l1wu~ 3.6 LL~:::l'U~ 3. 7 fn1~~1~U 

1000 

800 

<is 
[l. 600 
~ 
U) 

U) 


~ 400
(/) 

200 

0 

" " 
Compressive test 

--+- L 150-T6 
----l100-T6 
-L50-T6 
--No-collar 

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 

Strain 

l'U~ 3.6 ~~'V1I11~'flU(i]'J'flrJ1'lU~'flnul1lf'lL\-1~n L~1-~fULLl''l'fl11l~1~ LL'U'J LLn'ULLunr'U'lI'U1111r1'J1~U1'J.. 
1000 

800 

<is 
[l. 600 
~ 
U) 
U) 

lI? 400en 

200 

0 

0 

Compressive test 

--+- L 1 00-T9 
----l1 00-T6 
-l100-T3 
--No-col lar 

0.02 0.04 0.06 0.08 0.1 0.12 0.14 

Strain 

l'U~ 3. 7 ~~'V1I11~'flu(i]'J'flrJ1'lu~'flnul1lf'l L",~n L~1-~fu LLl''l'ill1llJl1~ LL'U'J LLn'ULLUl'~'U'lI'U1 ~A'J1~"''U1 
" 
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xtJ~ 3.8 LLM"l\l r;i'l'Elthl1J~'EI n~ ~ f,:aw~ nL~1l-J",~,m1j''V1 ~~'Elufu LLj'\l-ei~m l-J LL'W'l LLmA\l 

LL1Jj'~'W'lJ'W1 ~ml-Jm1l-Jm'l YlU~191mtJ LLUU n1j'')u'1i'lJ'EI\l r;i'l'Eltl1\llJ~'EI n~ ~f\l L"'~n L~1l-J L50-T6.. 
hJ1~'1i'ltJ~~f\ln1j'Ln\l Lm:: LL~::r;i'l'Eltl1\ltJ~'EI n~ ~f\l L"'~ nL~1l-J L 150-T6 nn1j'~~f\l'V11\l;{1'W-n1\l 

~~~ ~ LL~ ::j'tJ~ 3. 9 LL~~\l r;i'l'Eltl1\ltJ~'EI n~~f\l L"'~nL~1l-J"'~\l n1 j''V1~~'EllJfU LLN-ei~ml-J LL'W'l LLn'W 
• 'II 
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• • 

d 
U'VI'VI 4 

'l1u~4'£Jdli?l'Vl11l~'flUc;l'l'fl£h:JL~1~1U'l'W 2 (;]U ~'l LtI'WL~1 ~'flun1~ L~1l-l L"'~n",ihc;ll1ll'l1l-l 

'lJ'l1'l~U~L\.I~£Jl-l4'~f~'lJ'W111l OAO l-l. xOAO l-l. 'l1'W~4'£Jdli?l'Vl11l~'flUc;l'l'flEl1'lL~1L~'fl"'1~l-l~nl'W~" . 
n£J~~L~tll11'lJ'fl'l c;l'l'flEl1'l L~1~'Vl11l~'flU. n£J~ ~L~tll11 mn~1£Jl-l ~'l'flEl1'l L~1. ~ru~l-lU~'1J'fl'lt)~11l1 'W 

m~'Vll1l~'flU LL~ ~.ff'W~'fl'Wm n~1£J l-l m~'Vll1l~'flU LL~~m~ufuLLn~~m ~'Vll1l~'flU 

'lJU111l OAO l-l.xOAO l-l. LU'W'lJ'W111l'1J'fl'l L~1 ~~Yi1U~1l-l LLUUl-l1~~~1'W'1J'fl'l ml-l'Vl1'l"'~'l'l'1f'WU'Vl 

~1",fu ~ ~Yi1'W'1fl-l'1f'W~il'1i'l'l£J1'l 10 l.l . ~'l LtlU~U LL uu~1fl'Wm~ri'fl~11'l ~~Yi1'W1'W~1 £J'Vl1'l1U. .. 
trlil'1u'W~n~'l'fl'fln LLUU Ll1l£J h-l-Wlil1 ~ru1 LL~'l LL~ 'W~'W1"vI'l 

c;l'l'flEl1'l L~11'W'l1u~4'£JdLUUL~1fl'fl'Wn1~ L~1l-l L"vI~ n~1'W'lU 2 c;l'l'flEl1'l Ll1ltlc;l'l'flEl1'l1i?lil 

mn~1l-lu~'flnul1lf'lL"vI~m~1l-l LL~~hJilmn~1l-lu~'flnul1lf'lL"vI~m~1l-l ~'lil~n1=tru~mn~1l-l 
L"'~mL~~m~1~n£J~ ~L~£J11l'1J'fl'lc;l'l'flEl1'l L~1 LL~11l'l1'W~1n'l~ 4.1 WI:hc;ll1l 1'l1l-l'lJ'l1'l'1J'fl'lc;l'l'flEl1'l 

... cr... 1 .I d 'i'''' ... ... <i 

L~1 LL~l1l'l ~1£J~ :;L'fl £J11l L\.I~ mMl-l LL~ 11l'l 'W~lJ'Vl 4. 1 ~11l£Jl-l'1JU111l LL~~~1t1~ ~ L'fl£Jl1l'1J'fl'lmnMl-l L "'~ n.. 
L'" )j'flun'W~'11i?lLL~ 11l'l'1JU111l'1J'fl'lc;l'l'flEl1'l L~11'W~u~ 4.2 LL~~n£J~~L~tll11m n~1l-l L"'~nu"1L'lru, 11l 

"vIl-l'WYi~1~~nli?l LL~ 11l'l1'W~u~ 4.3 Ll1l£J c;l'l'flEl1'l'Vl11l~'fluil n£J~~L~tll11~'ld L\.I~m~1l-lUl1l-l£J1'lHi'. .. 
L"'~n;r'fl~'fl£J'lJ'W111l 25 l-ll-l. (0825) ~1'W'l'W 4 L~U rhft'l~Iill1l~nn'1J'fl'lL"vl~m~1l-l1'l1l-l£J1'l (f )• y 

hlU'fl£Jwh 392 Ll-lnn~U1~Pl1~ (4000 nn.l'1ll.l.2) L"vI~m~1l-l1'l1l-l'll,)1'l1.jfL"vl~nn~l-l'1JU111lL~U~1'W 

~'Wun~1'l 9 l-ll-l. (R89) ri1ft'l~'111l~~1n'1J'fl'lL"vI~m~1l-l~1l-l'll,)1'l (fyiJ) hJU'fltln~1 235 Ll-lnn~ 

U1~~1~ (2400 nn.l'1ll-l.2) fl,)1l.l£J1,)u~1£J'1J'fl'l'fl'll'fl'lL"'~m~1l-l1'l1l-l'1J'l1'lill"hhlu'fl£Jn~1 54 l-ll-l. 

Ll1ltl~ftU'l'WU~1£J'1J'fl1'WLL(;j~~i'W~~~Ufl,)1l-l~'l'lJ'fl'l m~~ 11l~'l L"vI~ m~1l-l~1l-l'lJ,)1'l c;l')f)El1'l L~1~n.. 
... , 

(;]'Wli?lL~1l-lu~'fl nUl1l f'l L"vI~n L~1l-l LYil-l L~l-l ~~"'~1'l L"vI~n L~1l-l~1l-l'lJ'l1'l 2 U~'fln LL~m1n~1un n 

.J q .l' I rr I ..., ~ cJ 
'1l'll-l'lJ'W111lL~'W~1'W~'Wtln~1'l1l1t1'W'flm'Vl1nU 39 l-ll-l. LL~:;l-lm1l-l"''W1 6 l-ll-l. 'Vll-l1'1J'fl'l'lJU111l 

U~ 'fl n U 11l f'l L'" ~ nL ~1l-l1i?l 'Vl11l ~ 'fluli?ln ~h')1 U U 'Vl ~ 3 Ll1l tI (1]'l'fl El1'l L ~11i?l~ n ri 1 "vi 'W11l~ 'fl ~'l 
U ~:;n'flU i?l,)tlc;l'l'fln1=tnL~:; c;l') L~'1J~1l-l1 ~(l'flfi1J1 £J li?l~'l (;j'fllud 



, " 
CC-09-200 '1Ul1tJC1'1 L~1Vii1L~1l.JUfl'Eln~~r'lL'wlim~1l.J, 1-ifL~~nnfll.JLilm~~m~1l.Jml.J 

, 
'lI,)1'1~'1i1'l1'W1~ 9 l.Jl.J. (RB9) LLfl:;1:;tI:;l-i1'11:;~~1'1L"v1~m~1l.Jml.J'lI,)1'1 200 l.Jl.J. 

1?1111'1~ 4.1 ~1Un11'El'tlnLLUU'll'El'l!1T,)'EltJ1'1L~1• 

C-09-200 ICC-09-200 

OAOxOAO 

2.15 

m1l.J~'1~'El"",)1l.J~n~i11!1T~ (aspect ratio) 
.. ... 

SA 

0.0123 

(volumetric ratio) 

0.00424 

34.3 

4-DB25 

RB9@200 

- I SS400 

314 

5.7 

4D825 
Str.RB9@0.20m 

o 
l.O 
o 
o 

0.054- ­

D

r 

o 
o 
..r 
o 

L 

Inner-dia meter=4db 

Dimension in m 
I-O.400~ 
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-
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I 
~ 

I 
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~--" oo------l 

Dimension in m 

l 
J 

~----l.'IO----__jI 

l 
1 

r .R 

B2~
~s: 
J O,200.20[ 


Rebar- restroi Ro,05 
.05 in m0Dimension 

:9~ 
....

005t 
ning Co llars 

OOSt 

1 

~_+ 

C-09-200 CC-09- 200 
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4.2.1 FI'£l'lJniJ;J 

r1'el'Wn1111~H·b..!'11'W'i)9£J~Lth~r1'el'Wn1111~~~~L~~9~'1ih~ti'J£J~1mrm.ln~ b~1£J1-ifr1'el'Wn1111 

~1..IVlNm:::U'eln1'Wn1:r'el'elnLLuui1,"hn1~'1~V11..1:r:::~£J (/c) L'Vl1ri'U 34.3 L~nn:::1..I1~r11~ (350 

nn ./'lI~ . 2) ~'1 LU'Wn1 ~'1~~'lI'el'l f1'el'Wn1111~~ U1'WL~1~:::Yn'W~ m'J9~'elU1l1 r1~'W1~ LU'W~'J'W1", qj 

bV1£Jn1:r111:r'J9~'elu,"hn1:r£JuUf'J (slump) L'Vl1ri'U 15±2.5 'lf~. n1:rwti'elUf'J'elrJ1'1L~11~LriuUf'Jmh'l• 

fl1tJ 

(tJu) 

1K'l'ilth'l L~U~1u~UUn~1'1 

().m .) 

LL1'In~ 

(fn~ih;Ju) 
~hn1~'1tl~th::~u, / c 

(L),Jnn::thMl1~) 

'vunm'vWl, 

7 

1 149.7 513.3 29.1 

2 150.4 376.0 21 .2 

3 149.9 443.7 25.1 

... 
L~~U - - 25.1 

14 

1 150.9 466.1 26.1 

2 149.3 530.2 30.3 

3 149.5 519.0 29.6 

... 
L~~U - - 28.6 

21 

1 150.0 517.7 29.3 

2 150.4 527.5 30.0 

3 150.8 524.4 29.4 

... 
L~~U - - 29.4 

28 

1 150.6 612.8 34.4 

2 151.2 289.5 -
..

UnL'lU 

3 151 .5 599.5 33.2 

L~~U - - 33.8 
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••••• •• 

.; "" 4.2.2 L".~m~'i)J 

Lt-1~nu~1)J~H1lJ-l1lJ~9EJen~-lt-1)JVl 2 'lllJ1Vl ~-llh:;n'1l1J~')mt-1~ n'lj''1l~'1lm~lJe.hlJ 

~lJ~n'C'l1-l 25 )J)J . (DB25) LiJlJLt-1~nL~1)Jl;11)JEJ1,)LL'C'l:;Lt-1~nL~1)J1lJ~1lJr1nnn1~-l~9Vlrlnn.. .... , 

(Iy ) hJi('1lEJn~1 392 L)Jnn:;l.h~m'C'l (4000 nn.l'1l)J .2) LL'C'l:;Lt-1~nn'C'l)JL~lJ~1lJ~lJ~n'C'l1-l 9 mJ. 

(RB9) LiJlJLt-1~nL~1)Jl;11)J'll,)1-lnn1~-l~'1Vlrlnn (Iyh ) hJi('1lEJn~1 235 L)Jnn:;1.h~rl1'C'l (2400 

nn ./'1I)J. 2) LVlEJ1lJLL(;]'C'l :;"1llJ1 Vll~~)J(;],)'1lt11-l91U,)lJ 3 (;],)'1lt11-l L~m1Vl~'1ltILVlEJ rl1 '"l ru~)J1J"i 1?i1-l1 

'll'1l-lLt-1~nL~1)J L..aU rl1n1~-lfuLLN~-l~'1Vlrlr1n (Iy )' rl1n1~-lfuLLN~-l1..h:;~EJ (1m) LL'C'l:;rl1 

L)J~~~~Vlt-1~U"1l'1l-lLt-1~nL~1)J (Es) "1l'1l-l~-lLt-1~nL~1)Jlil1)JEJ1,)LL'C'l:;Lt-1~nL~1)Jl;11)J"1l,)1-l ~-le.J'C'ln1r 

VlVl~'1lUl~LL~Vl-l1lJlil1r1-l~ 4.3 LL'C'l:;lil1r1-l~ 4.4 lil1)J~1~U LVlEJXt.l~ 4.4 LL'C'l:;Xt.l~ 4.5 LL~Vl-l 

rl,)1 )Ji)J~ufir:;t-1~1-l rl,)1)J L~UnUrl,)1)JLrljEJ Vl"1l'1l-l Lt-1~n L~1)J1~LL~ Vl-l1lJ 

, 
lil1r1-l11 4.3 e.J'C'ln1r'YlVl~'flUrlru~)Ju"i"1l'1l-l(;],)'1lt11-lLt-1~nL~1)J DB25• 

(i]'l,[)~1'1 rh~'1ftJllN~'1~"l(;)rll1n, I y 

(ll-Jnn:ahM1~) 

ri1~'1ftJllN~'11.h :: ~tJ, 1511 

(Ll-Jnn::lhM1~) 

tl-J~~~~(;)'j,\~U, Es 

(Ll-Jnn::lhM1~) 

1 495 658 194238 

2 479 630 189333 

3 503 .656 197181 
... 

L~~tJ 492 648 193584 

Stress-strain Relation for D825 
700 

__ • _ a_ --'f---------- .. ----- ----- ...•. -.--- --- --­
.. .. -- .... --- -, ... . . ·· ··· · ·_ · · · _- · · · · ·r ··· -· · ··· · · 

_. . _. ___ _._0 ' _ --; _._ . _._ . _ _ _ _ . _ __ .. . . . _ _ • • ••. • _ • • • • • .. __ _ • ___ ... __ _ 

&:. 

en 

600 

500 
__ a-.<__..... . . 

~ 400 
gj 
~ 300 

200 ...... . .... .. .... .. .... ,... .... ...... ...... .. .-. 
-­ Specimen 1 
.... ..... Specimen 2 

100 - ­ - - . Specimen 3 

o 0.05 0.1 0.15 0.2 

Strain 
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rK'l'1l~1-3 n1~-31ULLN~-3~"lVlf'l11n. I , Y 

(Ll-Jnn:;lh~fl1f'l) 

n1~-31ULlN~-31h:;~[J. ISII 
(Ll-J nn:;l.h~f'l1f'l) 

tl-J~~~~Vlt.-lrJ1..!. Es 

(Ll-Jnn:;th~f'l1f'l) 

1 316 444 203067 

2 311 469 199143 

3 313 453 205029 

'" L'ilf'l[J 313 455 202413 

Stress-strain Relation for RB9 
500 

------------ --- _. --- --- .- ---­............:-:.:.::;-.:.-- -­

.. . ....... .. -- _ ... -:.... . 


-- Specimen 1 
100 ......... Specimen 2 

----. Specimen 3 

o 

- -

o 	 0 .05 0.1 0.15 0.2 

Strain 

..... .co 
4.2.3 Ln~'l(;lfl'l1)JLfl'itl(;l 

LW'lt)(;Hi l,)ll-J Lrl1tJ ~ (strain gage) ~1fl'l.ml~';j4'tJ~dlWLn"lt)~rl,)ll-J Lf-11tJ ~~,~fut)~ 
'" 1 « oICIIt..J.....:::Iro 	 .CIII

rl')1l-JLrl~tJ~ 'UL~flm'Ml-JtJWEl Kyowa "l!'U~ KFG-10-120-C1-11 l-J'1J'Ul~rl,)ll-Jm,)Ln"l10 l-Jl-J. 

rl,)ll-Jm,)'1J'El-.l~ltJ~n.Jn.Jlru 10 l-J. iif1'rl'lIl-J~''U'Vl''ULvhnu 119.8±0.2 Lmtl-J iif1TUfuLLn'lJ'El-.l 

Ln"l (gage factor) LVl1nU 2.11 1'U-.ll'U';j4'tJ~HLn"lt)~rl,)Il-JLfi~tJ~~Hr.h'U')'U 64 ~') ~-.lLLtl-.l 
'El'Elmtl'ULn"lt)~rl,)ll-J Lrl1tJ~1'U~,)'El£h-.l L~1 C-09-200 ~''U,)'U 24 ~,)LLfl:;1'U~,)'ElEll-.lL~1 CC-09­

200 ~''U,)'U 40 ~') nJ~ 4.7 bLfl:;nJ~ 4.6 LL~~-.l~tlLLUU,;'hLL~tl-.ln1~~~~-.lLn"lt)~rl,)Il-JLrl1tJ~'lJ'El-.l
~ ~ ~ 

~,)'Elt.h-.lL~1 C-09-200 LLfl:; CC-09-200 ml-J~'{;)U 
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Load direction 

cross section-1 

I
i 

1... ..... _. ...__...... __ ...... _ ... _ ...J 

I strain gage's 
position 

Load direction 

I .. _ ___. J 

I strain gage's 
position 

cross section 

~ ~ . 
1umr~ ~c;l,l'"l ::l11mrmrU ~31ur1 n'll'El'l c;l,)'ElU1'l L~1 LLfl ::YlutX'El'lu51J'1im r~,)EJ~fitl~ 

LLr'l (prestress) L~'Elhl1tX31Un n'll'El'l c;l,)'ElU1'l L~1 Ln ~mHI'l~'Elu~,..,1tl1tXLn~m~LI'l~'ElU~,J'El EJ 

~~~Ld'El1tXLLN n~::l11'Vl1'l~1Uif1'l t~ml'li'El'l1tXLLN~1Uif1'l (hydraulic jack) ~'l LL~~'l1ultl~ 
4.8-4.10 
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<l' 

"----­ ------------IL-4. .. 

~ 

o l\.{)T 2 t l\.1)T 1 

Column Specn-.cn s 

R'oocliCi1 Wafl 

.. 

SIDE VIEW 
nJ~ 4 .8 ~lhL1J1J~(;)~..:J L~1'Vl (;)~tl1J'Vl1..:J~1'W;h..:J
" " 

Allal Lood Beam 

, '----:-=='=::::;.--3---4 _ 
---Tcrll-----y 

~ 

_ LVOT 2 . jd 
- LI.() ! 1 . 

H)'d raui'c Joe)( 

MOL.£: • 4G-TIrn.o O.50m ._.. 

FRONT VIEW 

xtJ~ 4 . 9lULL1J1Jn1~~(;)~..:JL~1'Vl1..:J~1'W\.nl1 
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,TU(Wfl'Wm ~'Yl i?l?l'lllJ iJ~1 ~lJ,TU(;l'llU~-lI1l'llLU~ 

1. 	 Lfi~'ll-l1,xLLN 1ULLU'l~-l1,xLLN~i?l(;l1mLU'l LLnU~-l~~-l rh".ui?l LLN~i?l mlJ LLU'lLmu1-1~ 314 

rn~U'l [;]U (32 [;]U) ~-l vl'a-l m'l~ ?l'lllJ LLN~i?l (;l1lJ LLU'l LLnu1,xiJ LLN (;l1lJ LLU'l LLnU~-l~ 

(;l~'lli?lL'l~1"l1ru:::'Yl i?l?l'lllJ 

o .::.. J..J t.I d 	 4 0", tJ .do II 

2. 	 m".Ui?l'Yl1'1 m1L~~'llU'YlLi?lU1m~1'll-l"'lJ1 U~lJ (-) ".lJ1U Cl-l LLN m:::'Yl1'Yl1-l i?l1U"lI1-l'Yl'Yl11". 

[;]'l'llEh-l L?l1 Ln i?l LLN ~i?l~ 1 n L~i'll-l1,xLLN Vi 11,xL~1 L~~ 'llU~LU'Yl1-l v11U,y; 1'1 (;l:::t)U(;l n LL~::: 

L~i'll-l"'lJ1 UlJ'l n (+) ".lJ1U n-l LLN m:::Vi1'Yl1-l tJl1u-n1-l~Vi11,x[;]'l'llEh-l L?l1 Lni?lLLN~-l~1 n 

L~i'll-l1,xLLNVi11,xL?l1 L~~'llU~LU'Yl1-l tJl1U,y; 1'1 (;l:::t)U'll'an 1 Un11'Yl i?l?l!llJLv1n1".ui?l1,xLLN 

m:::Vi1vl!l[;]'l!lEh-l L?l11,xLFl~'llu~LU'Yl1-l~lJ( -) rl'llU 
cr 	 I q _ q .J.J d _ .J.J 

3. 	 LnlJ~1 ~'l1lJ L~1U i?l~1n Ln~'l i?l~'l1 lJ L~1U i?l, 1:::U:::L~~'aU'Yl~J'fl-l L~1'll-l'l i?l1:::U:::L~~'llU'Yl 

LL~:::LLN m:::Vi1v11U-n1-lLi?lUn11LnlJ-n'fll:d~ Li?lm~1'a-l LnlJ-n!ll:d~ (data logger) ~lJvlU~-l 
U-lhJ1~,xLLNm:::Vi1 ~-l,TU(;l!lUn11LrilJuu~nrh~:::~U~i?lm1'Yli?l?l'lllJ 

4. 	 n111,xLLN~1 nL~i'fl-l1,xLLN m:::Vi1'Yl1-l v11Uif1-l Li?lu1,xLLN m:::Vi1v11Uif1-l LLlJlJt)!J9 m 

~'lw·llJL~i'fl-l1,xLLNLi?lU~'llJ'"llJ1:::U:::L~~'flU~ (displacement control) 'Yli?l?l'lllJ 2 1'fllJ 

LLvl~:::~(;111 ~'lU1:::U :::L~~'ll U~Li?lULtJln1".Ui?lU 1:::tWi m 1L~~'au~~l..nun11'Yl i?l?l!llA-lLtJl 
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, 	 , , 
.c!iI 	 cv ~"I -=I cv <=If 4 q

9 ~'.H~ I?l LYHlU\..l Yl n'lJ'fllJ~ m PI'l1l-J LMtlI?l91 n Ln9 'll?l PI 'l1l-J LPlHll?l, ~~tI ~ Lrl rl'fl\..lYl'll'fl'l 

LPl1'fl'lt)1?l~~tI~LPI~'fl\..l~ LLrl~u\..lVinc.JrlntJ rl ~ L~tll?l ~1'11~i'l Ln (;l91nf)1tJ\..l'fln~'11~LLri 

'Vi ~~ m~l-J'lJ'fl'l Ll:'l1 ~ Lnl?l~\..lLLrl ~~'flmL(;l n ~1'l'll'fl'l LL~rl ~tl(;l n~'l\..l1~tJ~ Lrl ~'fl\..l~ 
5. 	 YlI?ll:'l'flU ml-Jth~~m HPI~'fl\..l~~lfl \..lm ~YlI?ll:'l'flU~1~ri1"'\..l1?l H",1'flYlI?ll:'l'flU~'1 vl'l'flU1'1 

Ll:'l1Lnl?ln1~~u~ri'fl\..l9'WhJl:'l1l-J1~tlYlI?ll:'l'flU ~'fl1tJ1~ 

6 

4 . .. .. 3 " . ·3.5%· .0.
0 

0. 

o 2.5% .0 Yo 
2 . .. ... . 1·5% 2.0 Y. 

0.5% 1.0% . 

o 

-2 

-4 

-6 

o 

. . ... . : 55%· ·· 
4.5% 5.0% . 

20 255 10 15 

number 01 Cycle 
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d 
1J 'VI 'VI 5 

1'WU'VI~n'Cl1'ln-:J ~1'ilfiu1t1Yl ~~ nn).J LL'Cl ~~'Cl n11'V1 Vl~'ilU'1J'il-:J (;]'lmh-:J L~1~'V1 Vl ~'ilU ~-:J1v1 

untl1t1 LYI[;J n11nrLL'Cl~Yl~~n11W,h-:J11~YI~1-:J n11'V1Vl~'ilu1~ LLfi Yl~~n11).J'1J'il-:J LW~n L~1).J LL'Cl ~ 

1'iltl LLlPln~1'l~ ~-:J Ln 1Pl1v11'W~'l'W'lJ'il-:J ~'Cl'VI Vl ~'ilU1v1U11t11t11'WpJ LLUU'lJ'il-:J fI'l1).J ~).J-W'WfiIPl1-:J11v1LLfi 

fI'l1).J~).J-W'Wfi1~YI~1-:J LLN n 1~'l'i1'V11-:J ~1'W-if1-:J nu 1~t1~ Lfl ~'il'W~ v11'W-if1-:J~ 1~c;lU1,x LLN, ~1 fI'l1).J 

LYlilm, fI'l1).J~1).J1n11'Wn11~'Cl1t1Yli-:J-:J1'W LL'Cl~~1~~YI L'W~~-:JiJ 11t1'Cl~L~t1Vlc;l-:J 1PI'il11J~ 

5.1 .1 ~'l'fl~h-3L~1 C-09-200 

Yl~~ n11).JJl1t1'W'iln'lJ'il-:J(;]'lmh-:J L~1 C-09-200 ~~-:J LnlP11~YI~1-:Jn11'V1 Vl~'ilULdtl1,xLLN 
o t.I '" I I 0 ., i.lq J.o:J '" '" ..J"',J. .J.J IIV 

m~'VI1Vl1'W 'lJ1-:J CfI'ilIPl'l'iltl1-:J L~1 m~'VI1 ~YI).J1~t1:: LfI'Cl'il'W'VI Vl1'W'lJ1-:J'VItllPl 11 'Ci'l'W1~t1~ LfI'Cl'il'W'VI1Pl1-:J1 

YlU~1 
I I I 	 I 

n . 	 Vl~1Pl 11~'l'W1~t1 ~LfI~ tl'WVl 0.5% YlU~1 (;]'l'il £11-:J L~1Vl'VI Vl~'ilU'Vj n v11'WLnVl1'il tI 

LLlPln~1'ltl1'lIPl'Cl'ilVl1'WLL'W'l'W'il'W~1~c;lUfI'l1).J~-:J 20,40,60, 80 LL'Cl~ 100 '1!).J. ~-:J~Vl 
~ 	 ~,

.<::lIt. 	 .., _ I q "q .4 

'"l1 n WJU'W 'lJ'il-:J~1'Wn n IOn n'W 'W IPl 'l'il tI1-:J L~1 Ln Vl1'il tI LLIPl n11 'l LYl).J 'lJ 'W 1P11).J 1'il tI 

" 	 .Q, ~ q tI J' t .d J", " .0:::.1_ 
LLIPln11'l LVl ).J'll-:J'lJ tI1t1 LUVl n'l1-:J).J1 n'lJ'W'"l'Wn1~'VI-:J n1 nfl'Cl'tl'W'VIVl1 'W 'lJ1-:J ).J'il1Pl 11~'l'W 

..,J 	 .J 
1~t1~LfI'Cl'il'W'VI 1.5% 

'11. ~~CfI11~'l'W1~t1~LfI~'il'W~ 1.5% (;]'l'il£11-:J L~1iJ1'ilmLlPln~1'l L~).J~'Wu1L'l ruLfI'WL~1 

.J_ 4..J.q q I .c:.. 

fl . 	 'VI'tl1Pl11~'l'W1~t1~Lf'I'Cl'il'W'VI 2.0% ~'lf'l'tl'WmIPlYl~Vl1'il'W (spalling) Un'lru"l).JLf'I'WL~1 

L~'tl-:Jr.t1mLN~Vl '"l1 n,x'WYlU1'tltl LLCfln~1'l L~).J~'WIP11).J 1'iltl LLCfI n~1'l L~).J'lJtI1mU Vl 
.... , " I I, 	 I I 

n~1-:J).J1n~'W'il £J1-:J 1PI'il Lil'tl-:J'"l'Wm~'t1-:J n1 nfl~'il'WVl~1 'W-if1-:J Yl ~IPl 11~ 'l'W 1~t1 ~Lfl ~'il'WYl 

3.5% 
I I I I 	 I 

-:J. 	 ~-:J1~YI~1-:Jn11'V1Vl~'iltIYl~1Pl11~'l'W1~t1~LfI~'il'WYl +3.0% 1'ilUn11'V1Vl~'ilUYl 2 

Lf'l1'tl-:J1,xLLN'VI1-:J v11'W-if1-:J'ClVl 'Cl-:J L~'il-:Jr.t1 nJ1~1-nYl 'Cl'il Lii'W1'W 1~UUvl'tl'Cl Vl'Cl-:J'l'i11,x 

Lfl1'il-:JiJfI'l1).J~'il'W).J1nLn'W1u ~-:J ~'Cl1,xLLN n1~'l'i1'V11-:J~1'Wii1-:J'ClVl'Cl-:J 

'"l . 	 ~~1Pl11~'l'W1~t1~Lf'I~'il'W~ 3.5% YlU~1(;]'l'il£11-:J L~1U1L'lru).J).J• L~1Y1'Cl Vli'il'W).J1n~'W • 

http:il-:Jr.t1
http:n'l1-:J).J1


I It'" 

'it 	 Vhrml~'JUJ~tJ ~Lfl~hl'WVi 4. 0% [;]'Jmh-lL~1 Ln m'ElmL(;1 n~,'J1ULLu'J[;]'1~ fl'Jl ~ tJ1'J 

1.h~~1 ru 15-20 'lI~. 1J1L'JruLflUL~IL'I-1U'El1Ih'JruJ'ElmLtJm~'I-1~I'1 L~1 LLft~~IUJ1n.. 
I I I 	 I I 

~ .odI.o:::iIIII".... A. ~.o:::iII 

L~'EI nlJLfl ft'ElUVlI?11U'lII'1'E1 (;1n 'Ci'JUJ:;tJ:; Lfl ft'ElUVI 4 .5% 

'll . 	 ~tlml~'JUJ~tJ:;Lfl~'ElU~ 4.5% [;]'J'ElUI'1 Ln I?1n1J'I-1ftl?1i'ElU'lI'EI'I E:i'Jfl'Elun1(;1'l1UII?1, 

" 	 ..::.. .odI .... I

VI1'1I?11UVI P1 L'I-1U'EI'1I'EI'Im'EltJ1'1 L~1 

'lL ~tl(;1n~'JUJ~tJ~Lfl~'ElU~ 5.0% Vi1J~IE:i'Jfl'ElUn1(;1'1-1ftI?11'E1U'lItl'l'llUI1?11mui'l, 	 w 

1J1L'Jn.!LflUL~ILLft:;~~L~li'l 4 ~~ ~lmJCl~'EI'ILi1'uL'I-1ftm~1~(;11~m'J, , 
.J~ A. ..i.J ,cj ... 'i' A. 1 , ... 

n.J. 	 LLft ~VI'flml'Ci'JUJ~tJ~ LflfttlUVI 5.5% Vi1J'JlfltlUm(;11JJL'Jru ~fl'WL~I'Ci'JU '1-1 qJ Ln 1?1 

nlJ'I-1ft, 1?11'E1'W'EI'EI ni'l'l-1~ 1?1~1 ~ IrCl~'EI'I Li1'UL '1-1 ft n L~1~m~tJ1'J Ln 1?1 nlrLn'l LI?11 ~ 
(buckling) 1~'fltll'1iI?1L~U 

nlr11J~'1I'EI'I [;]'J'Elth'lL~1 C-09-200 Li1'u1~~ILU'Wnlr11J~LL1J1Jnlr~1?1 (flexure failure) 

~'1l'lLn(;11~~lm'ElmL(;1n11'J1~LL~I?1'11'WaJ~ 5.1 nlr11J~LLft~r'flmL(;1n~I'J'I-1~'1~'W~I?1n1rVlI?1~'El1J
~ , 

5.1.2 rR'l'mh.:JL141 CC-09-200 

Vi~~ mrWlltJ'W'EI n'lltl'l [;]'J'EI tl 1'1 L~1 CC-09-200 ~l'lLn(;1r:;'I-1~I'1 nlrVlI?1~'fllJLd'Ell~LLN 
m:;,yh ~,U'ifl'1~tl(;]'J'Eltll'1 L~1 m:;,yh1~~r~tJ:; Lfl~'EI'W~~I'W~I'1 ~tl(;1rl~'Jur~tJ ~ Lfl~'ElU~uh'l1 

Vi1J~' 
.d.... .J .d I _ I "..::.. .... 

n . 	 V1'E1(;1rl ~'JUJ~tJ :;Lflft'fl'WVI 0.5% Vi 1J'J1 (;1'J'EI tJ1'1 L~IV11'11?11UVI P1 (;1 ~'JU'EI'fl nLL ft ~ 

(;1~t)U(;1mnl?1rtlmL(;1n11'JtJ1'l(;1ft'fl1?11'WLLU'lU'ElU~r~~1Jfl'JI~~'1 40. 60, 80, LLft~ 
'II 

100 'll~. ~'1t)1?1E:i'l1JU'1Itl'll'Urln ~'lU~,U~ P1 L'I-1U'EI LLft ~1~Ln I?1r'ElmL(;1 n11'l 

L~m!'EltJllJLLU'lUtl'W~J~~1Jfl'JI~~'1 40, 60. 80 LLft~ 100 'lI~ . ~lnJ'W(;]'l'Eltll'1L~1
~ 

'" "..::! J' " ~.J ..:." .: !:',
Ln I?1r'EltJ LL(J1 n rl'J LVi~'1IU~1 m'EltJ LL(;1 ml'J LI?1~'lI'I'lItJ1tJ Ltl I?1ml'1~1 n'1lU9'Wn r:;V1'1 nlr 

.J 	 .,J" " J_ ~ .d 
Lflft'El'WVlI?11U'lI1'1V1tl (J1rl ~'J'Wr~tJ ~ Lflft'El'WVI 2.0% 

'lJ . ~tl(;1rl~'lUJ:;tJ~Lfl~tl'W~ 2.0% [;]'l'Eltll'1L~1 Ln I?1r'ElmL(J1n~''JtJ1'l (;1ft'El1?11ULLU'JUtlU 

, 	 , , 
" 	 "q- A. .4 q
1?11U'lII'1V1'E1(;1rl'Ci'J'Wr~tJ~Lflft'ElUVI 3.5% 

fl . ~tlml~'l'Wr~tJ~Lfl~'EI'W~ 3.5% Vi1J~IE:i'lfl'ElUn1(;1'1-1~1?11'E1U~Lfl'WL~I1J1L'Jrui'l 4 

~~ Lrttl'l~1 n LLNtlI?1Uft~r'fltJ LLtJ n r:;'1-1~I'1 L~1 LLft ~jl'Wrln LUI?1'l1tJ1tJ nt)I'1~U 
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n1j'~u1i'1J!l'l j;]')!l~1'1 L~1 CC-09-200 L~l.!1~~1 LUl.!mj'~u1i'1J!l'l j;],)!l~1'1 L~1 CC-09-200 

LUl.! mj'~u~ LLU1J mj'(;)~ ~'1 ~'1 Ln [;11t1)r.n m!ltJ LL[;1 n t1')~ii~m1ru~ LL[;1 nt1,)Ll.! LLl.!,)l.!!ll.!(;)'1 LL~ ~'1 

LL~(;l'lLl.!nJ~ 5.1 mj'~u1iLL~~j'!lmL[;1n11,)"'~'1il.!~(;lmj'Vl ~~'aU'lJ'a'l j;],)!l~1'1 L~1 CC-09-200 ... . 
U1L')rut~l.!L~11~LL~(;l'lLl.!nJ~ 5.3 

" 

N N w 

. 15 

I
!-..--+-.. --tl· 

15 

-,­
~~.~~ ~: 

; 10 li) 
c.••___ .L. 

-'"-~ .....• .-­
~...... : .r~_. _ 

. ,--.:__.....:.r , r-- ...._ ·---:----.-....- --------.. 
, . 

~.~--- ....~---...-..........-.-....-;--"__.". '- 5 


f . 
..~~I -,.7"~-·---'·f~- t-

L .. j ,~ 

i _ ! 

CC- 09-200 O,~% dritt rclio C- 09 - Zac 0.5% d~ft , tia 

CC -- 09-200 1.0% dri ft rotio 

n) j;],)'a~1'1 L~1 CC-09-200 

N w 

C-09 - 200 ~ .O~{ drift rct io 

'11) j;],)'a~1'1L~1 C-09-200 
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r~ --=--lc··,· -~~-

"J .5.?: .;j dt rctio 

n) !?l'l'El£h'l L~1 CC-09-200 

. t5 

+­

C···09 -· l00 2.5% drift rotio 

'iI) !?l'l'El£l1'l L~1 C-09-200 

w 

~ 

::--' / L-'J--~.:r- .............:..~---
J 10 

J~~'i ' '<::~~"'::' '-\::':: -- .k 

'" '=~ - ~-~~.-'-.-.---<;:-

>-.-. -".~~~___~:-..!.,.c;{-i.. 

-~~---~~ -" :~--~------"--~<.~: 
.J :u I--fK!) : ._./~- ; ( 

CG-'·09 · 200 1. 5% d( ; '~ rotio 

E s 

I 

. ......"\..".r--. 

~/,-.- - -:....,-.....---.-::.-\.... f/->/'­ to 

N w 

e<.>-09 .. LOU 
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" 'It 1': s 

":-, 

CC - 09 - 200 3.0~ drift ru iiQ C Q9 ·200 :Hl? (h'ill (olio 

N w 

C-C9-?CC 3.5~ uri([ ~:;tfc 

C-09 -20'J 4.0" dl' :U (clio CC-09 ·- 200 4.a~ drift rotio 

n) l11'Jmh'lL~1 CC-09-200 'iI) 111'J'1lEh-.lL~1 C-09-200 
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N 

", 

, ,­ _ ·4 _ 
CC-O~-20U 4 .:,)'?- .jrin rcti::. C- 09-200 L.5X edt r(J tj~ 

N \', s 
. - "T "! , 

i 
....---i------- of ~ 

15, '~ 

~~~~~. ---: ~=-~-~-

C-09-2fn.1 5.Ci~' drift ro:j~CC - (1.l - 200 5.0r. drift I',,;~ io 

£ N N s 

CC-C~-20'J 5.5% drift rotlO 

n) ~'l'elth~L'i'l1 CC-09-200 'iJ) ~'l'elEh~L'i'l1 C-09-200 
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(Pl) Vi~(JJ::t)'W(JJ n-Vi PI L'I-lih.l 

nJ~ 5.2 m~~1J~LL~::1!ltJ LL(JJn;:1,)'I-I~'li'W~ ~m1Vl ~~!l1J'1I!l'l r;l,)!l£i1'l L~1 C-09-200 
u • 
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CIrio ., CIrio .0:::1 

(fl) 'VlP1(;l~'lti(;1n-'VlP1LWW'a 

lU~ 5 .3 n1~1-wiLL~~~'amL(;1n~1'l~~-:J~ti~I?ln1~'Vl(?)~'e:JlJ'1J'a-:JIff'l'aEh-:JL~1 CC-09-200 
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Wl1l-l Lfl~tJ (;l~t)(;l1Ji'~1n Ln~t)(;l Wl1l-l Lfl~tJ (;l~ ~1 LL Vlll-.l Ln~t)(;l Wl1l-l Lfl~tJ (;l~ LVI ~ n L'~1l-l l111l-ltJ1'l 

~~~lJfl1-.l~!l m1l-l~l-l~'Wfi~~VI~1-.lm1l-l Lfl1tJ(;l"1J!l-.l LVI~n L~1l-l 1111 l-lm'lJi'1'W'W!l n nlJJi'1'W1 'W~~~~lJ 

fl1-.l il i"i11n~ L~tJ-.l n'Wi-.l'Vl1-.l ~1'WflJ LL N'fl(;l LL~~LLN ~-.l Lri!lil n1nfl~!l'W~ Ji'1'W;]1-.lhJ'Vl1-.l Ji'1'W~lJ 
LVI~ nL~1l-l 1?l1l-lm'l~!l~'Vl1-.l Ji'1'W~ PlI?l~t)'W1?l n l~flJ LLN'fl(;l ~'l'WLVI~ n L~1l-lml-ltJ1'l'Vl1-.l Ji'1'W~ PI 

I?l ~t)'W!l!ln LVI ~n L~1l-l 1?l1l-l m'llJi'flJ LL N ~-.l ~-.l1'Wn1 m~lJ n'WLri!l iln1nfl~!l'W~ Ji'1'W;]1-.lhJ'Vl1-.l Ji'1'W 

lJ'ln LVI~m~1l-l1?l1l-lm'l~!l~'Vl1-.lJi'1'W~PlI?l~t)'Wl?lnlJi'flJLLN~-.l ~'l'WLVI~m~1l-l1?l1l-lm'l'Vl1-.lJi'1'W~PI 

1?l~t)'W!l!lnlJi'flJLLN'fl(;l ~-.l1~LL~(;l-.lI1l'l!l[h-.l1'W~u~ 5.4 t(;ltJ~ no.11 ~!lLmt)(;lfl'l1l-lLfl~tJ(;l"1J!l-.l
" 

LVI~m~1l-l1?l1l-ltJ1'l~!l~Ji'1'W'W!ln LL~:; no.12 ~!lLn~m1l-lm1l-lLfl~tJ(;l~!l~Ji'1'W1'W"lI!l-.lLVI~m~1l-l 

l?l1l-lm'l XU~ 5.5 LL~i?l-.lm1l-lLfl~tJi?l"1J!l-.lLVI~m~1l-l1?l1l-ltJ1'l~~:;lPllJfl1-.l 'V'l~~nnl-l"1J!l-.lLVI~m~1l-l 

1?l1l-ltJ1'l ~~~lJ LLN L'iJ'WL'll'Wd1'W-rl'l-.l~n ~~vh1 ,x11l'lmh-.l il ~~tJ ~ Lfl~!l'W~ Ji'1'W-ir1-.l il'flm1~'l'W~~tJ ~ 
4.c:J.c:I w """" .J _ I """" .J .o::I.JI 

Lfl~!l'W'Vl 0.0% rl-.l 1.5% LL~~'V'llJ'l1LVI~mMl-l1J11l-ltJ1'l'Vl~~(;llJ~1-.lLn(;ln1~flnnm~tJ~Lfl~!l'W'Vl 

Ji'1'W;]1-.liltll?l~1~'l'W~~tJ~Lfl~!l'W~ 1.20 % ~'l'W'V'l~~m~l-l"1J!l-.lLVI~nL~1l-l1?l1l-ltJ1'l~~~lJlJ'Wil 

~m1ru~ L~tJ'lnlJ LVI ~n L~1l-lml-ltJ1'l~~~lJ fl1-.l L ~l-l~'W'V'l ~ ~ n ~~l-l Ltl'WLLlJlJd~'Wn ~~i-.li'W~ i?ln1 ~ 
'Vli?l~!llJ LL!?l'V'llJ~1LVI~nL~1l-l1?l1l-lm'l~~~~lJlJ'WhJLiii?ln1~flnn XU~ 5.6 LL~(;l-.lfl'l1l-lLfl1tJ(;l"1J!l-.l 
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Relation of strain for C-09-200 
T-"'- ­3, OOO ! r 

2,500 L.. 

1 

~ A 
r 

- -j 

nO. l l nO. 12 

~ 
. . ~ 

-1,000 :-1_ ;__ L .._.....l_ L_ i_ .J 
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'ViU~l mll-J L~i~tI~'lI'fl'l LVI~n L'~1l-J 1PI1l-J'lI'll'ltl~'fl n LL1nil~hL~l-J~'W9l n L~l-J L~nU'fltl ~'l'WLVI~n L~1l-J 
l?1ll-J'lI'll'l tl~ 'fl n ~ ~ 'fl'l 'Vll'l ~l'WVi Pl LVlU'fl LL~:;Vi Pl1~ ~'lll-J L~1t1 ~;:j ~l L~l-J~'W LLI'l 'Vll'l ~l'WVi Pl 

_ ~ q ql~': .c. ",.J .d.J", 1.1 qIV CJ 

l?1:;'l'W'fl'fln LL~:;'Vl Pll?1:;'l'Wl?1nmll-J L~TtI ~l-J rl1 L 'Vil-J'lI'W9l n L~l-J L~n'W'fltl Ll-Jm:;tI:; L~~'fl'W'Vl ~l'W'lJl'll-J 

'tlJ;tn~'l'WT:;tI:; L~~'fl'W~ 1.0% 'ViU~l~'lll-J L~1t1 WlJ'fl'l m~nL~1l-J l?1ll-J'lJ'll'ltl~'fl nLL1n'Vll'l ~l'WVi Pl 

LVlU'fl LL~:;Vi Pl1~il~1 L~l-J~'Wl-Jlnn~l'tll?1Tl~'l'WT:;tI:;L~~tl'W~ 0.5% LU'W~'fl'l Lvh LLI'l LVI~ nL~1l-J1PI1l-J 
'lI'll'l'Vll'l~l'WViPll?1:;t)'W'fl'flnLL~:;Vi Pll?1:;t)'Wl?1n~'lll-J L~1t1~il rll L~l-J~'WL~nU'fltlmn Ttl~ 5 . 8 LL~ ~'l 

" 
~'lll-J Lfl1t1 ~ 'lJ'fl'l LVI~ n L ~1l-J 1PI1l-J 'lJ'll'l~T:;~UU'W 'Vi ~~mTl-J 'lJ'fl'l LVI~ n L~1l-J l?1ll-J'lJ'll'ltl~!l n~ ~!l'l il 

~m!tru:;~~lt1 ~~'l flU m~nL~1l-J l?1ll-J'lI'll'ltl~!l n LL1n~!l LVI~ nL~1l-J J;tll-J 'lJ'll'ltl~!l n LL 1n'Vll'l ~l'WVi Pl 

LVlU!lLL~:;Vi Pl1~il~1 ~'lll-J L~1t1~ L~l-J~'Wl-Jlnn~l'tlJ;tn~'l'WT:;tI:;L~~!l'W~ 0.5% LU'W~!l'l LVl1 LLI'l . . 
iI' ~..., .<::110..., ,q ...:::.1" iI' qd ~...:::.I" '" q

'Vll'l ~l'W'VlPlJ;t:;'l'W!l!ln LL~:;'VlPlJ;t:;'l'Wl?1 n~'lll-J Lmtl~l-J~l ~!l'W'lJl'l ~'l'Vl Ll-J!lT:;tI:;L~~!l'W'Vl ~l'W'lIl'll-J 

~ d. .J..J . ... <J £» 1..1 ... £» 

tlJ;tnri'l'Wj':;tI:;L~~!l'W'Vl 1.5% 'VilJ'll ~'lll-J LflTtI ~'lI!l'l LVI ~nLMl-J 1PI1l-J'lI'l1'l ~!l nLL1n'Vll'l ~1'W'Vl Pl 

mu.'fl LL~:;Vi Pl1~il ~lL~l-J~'W;:j~1 ~'lll-J L~1t1~tlT:;l-Jl ru 500 Ll-J L~T~ Lm'W LLI'lLVI~nL~1-l-J l?1ll-J'lJ'll'l 

'Vll'l {;)l'WVi Pl J;t:;t)'W!l!l n LL~ :;ViPll?1:;t)'WJ;tn ~'lll-J L~1t1 ~il ~l L~l-J~'WL~ nU!l tlmn ~'l'WLVI ~ n L~1l-J1PI1l-J 

'lI'll'ltl~!l n~ ~tl'l;:j 'Vi ~~ n TTl-J ~~1 tI ~ ~'l flU LVI~n L~1l-J 1PI1l-J'lJ'l1'l 1..1 ~!l n LL1n~!l LVI ~n L~1l-J 1PI1l-J 'lJ'l1'l 

tl~tln LLTn'Vll'l ~1'WVi Pl LVlU.!l LL~:;Vi Pl mU!l;:j ~l~'lll-J L~1t1 ~L~ l-J~'WLLI'l'Vll'l ~l'WVi Pl J;t:;t)'W!l!l n LL~:;Vi Pl 

l?1:;t)'WJ;tn~'lll-J L~1t1~ L~l-J~'WL~nU!ltlilrh1n~L~tI'lflU~'l'WLVI~n L~1l-J1PI1l-J'lI'l1'ltl~!l n LL1n ~'l LVI~n 
t .... '" I '" '" I 

L~1l-J1PI1l-J'lI'll'lil~'lll-J L~1t1 ~LYll-J~'Wil'Vi ~~ nnl-J LU'WLLUUil'ltl L1tltl1 9'Wm:;11'l ~'W~ ~n1 T'Vl ~ ~!lU Vi 
I f I I 

T:;tI:; L~~!l'WVi ~lWill'l il 'tlJ;t j'1~'l'WT:;tI:; L~~!l'WVi 5 .5% 
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~~(;1m'~~'lJ'fl'lLVI~m~nJ(;11~m'l'lJ'fl'l(;1'l'flm'lL~1 C-09-200 'Vl'«'lLn(;1 I?!L~'fl~n1nM~ 

tJ~'flnUI?!~'l LVI~nL~1~ ~U~1 Lnl?!, I?!VI),J'W'lJ'fl'l L~1~~:;~U~'l1~~'l 10 'll~. ru ~1 LLVlll'l Ln~rrI?! 

~'l1~ Lr"i;'U I?!~ LVI~ n L~1~m~m'l~:;~Ufh'l ~'l ~'l1 ~i~~'Wfi~:;VI~1'l r'I'l1 ~ Lr'l1-U I?!,J'fl'l LVI~n L~1~ 

~1'W'W'tl n nur'I'l 1 ~ Lr'l1-U 1?!'lJ'fl'l LVI~n L~l~ ~1'Wt 'W ~:;~Ufh'l L~'tl LVI~n L~1~(;11~m'l fULL~'l~'l LVI~n 

L~1~ ~1'W'W'fl n~:;fULLN ~'l~1 nn~1 LL~:;L~'flLVI~ n L~1~ m~m'lfu LLN~I?!~U~1 ~'l1~i~~'Wfi 

~:;VI~1'l ~'l1~ L~1-UI?!'lJ'fl'l LVI~n L~1~~1'W'W'tln nUr'I'l1~ L~1-U 1?!'lJ'fl'l LVI~n L~1~~1'Wt'WhJ LtI'WL~'W(;1N 

~'fl LVI~m~l~ ~1'W'W'flnfuLLN~1?! ~'l'WLVI~nL~1~~1'Wt 'Wm~m'lfULL~'l ~'l ~'l1~LLM1'l11l'l'flti1'l1'W 

~tJ~ 5.9 LI?!U~ no.11 ~'flLn~t)l?!r'I'l1~L~TUI?!'lJ'fl'lLVI~m~1~m~m'l~'fl~~1'W'W'tln LL~:; no.12 ~'fl 

Ln~r'I'l1~ r'I'l1~Lr'lTUI?!~'fl~~1'W1'W'lJ'fl'l LVI~m~1~(;11~m'l ~tJ~ 5.1 0 LL~I?!'lr'l'l1~Lr'l1-UI?!'lJ'fl'lLVI~n 

L~1~(;11~m'l~~:; ~Ufh'l ~ ~~ n ~~~'lJ'fl'l LVI~n L~1~ (;11 ~m'li1~ ~~m'~~ LtI'WL'll'Wet'W'n'l'li1~:;u:; 

51 

http:1'WI1l'HnnnULL~,m~:;.yh


L~~'tl'W~J)1'W~1-.l~'fl(;]),1~,)'W),~tJ~L~~'tl'W~ 0.0% n-.l 1.5% 'll,)-.l~~-.ln1)''fl(;]nn1)'b~~'tl'W~ 1.5% 

hJ~ 1l-J1 ),Clt) ~ rh m1l-J L~1tJ ~'Il'tl-.l LW~n L~~l-J1J) LL'C'l ~~U~1 L~~n L~~l-J (;]1l-JtJ1')~ )'~~Uci1-.l Lii ~ n1), 

~nn~)'~tJ~L~~'tl'W~J)1'Wif1-.l~'fl(;J),1~')'W),~tJ~L~~'tl'W~ 0.78 % ~')'W~~~ n)'),l-J'lJ'tl-.l L~~nL~~l-J 
m l-JtJ1'))'~ ~UU'WLtl'WhJt~tJUn ~ ~'tl Lri!l~ n1),L~~ 'tl'W~ J)1'Wif1-.l1UVl1-.l J)1'W'C'lU L~~n L~~l-J ml-J tJ1') 

Vl1-.lJ)1'WVip!(;J~t)U(;Jn9~1JlfuLLN'fl~ ~,)'WLm~n L~~l-J (;J1l-JtJ 1,)Vl1-.l J)1'WVip! (;J~t)'W'fl'tl n 1J)fu LLN~-.l ~-.l 

1'Wn1m~Un'WLri'tl~n1)'b~ ~'tl'W~ J)1'Wif1-.l1UVl1-.l J)1UU') n L~~n L~~l-Jml-JtJ1')~'tl£JVl1-.l J)1'WYi PI 
" 

(;J~t)'W(;]n9~1JifuLLN~-.l ),U~ 5.11 LL~~-.l~,)1l-JL~1tJ~'lJ!l-.lL~~nL~~l-J(;]1l-JtJ1')~)'~~UUU ~,)'WL~~n
" 

.....::.. J ~ cJl.I .::11_ ~ ~ .:t".::rt.1.1

),~~UU'WLn~n1)'~n nVl)'~tJ~ L~'C'l'tl'WVl ~1'W'Il1-.ll-J'tl(;Jn~')'W)'~tJ~L~'C'l!l'WVl 2.5% 'lI-.l L~'C'l n L~),l-J 

.::J... .:rJ .::II c:. J' ct. ~1 J ~ " 
(;J1l-JtJ1')Vl)'~~UU'W9~l-J~,)1l-J L~)'tJ~ L~l-J'lJ'W ~ ~(;Jnnl-JLtl'WLLUU'W UL),!ltJ1 9'Wn)'~Vl-.l~'W~~n1), 

.oJ .4.J", 11 CII_ ..d .d 
Vl ~~'ElUVl)'~tJ~ L~'C'l'El'WVl ~1'W'lJ1-.ll-J'El (;])'1 ~,)'W)'~tJ ~ L~ 'C'l 'tl'WVl 5.5% 

Relation of strain for CC-09-200 
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~ ~'fl-.3 rl'J1l-J Lrl1-EJ 11li1rl1 L~l-J~'W91 n L~ l-J L~ nU'flEJ~-3 n1nU~EJ'WLLU~-.3,r'Wi1 rl1U'tl EJ n~1 L", ~n L~1-l-J m l-J 

.1 .J .J.J ... " ... ~..l .J.J , ... 
"1J'J1-.3lJ~'fln LLm Ll-J'tl~::EJ::Lrl~'fl'W'Yl11l1'W"1J1-.3l-J'fl[;1n~'J'W~::EJ:: Lrl~'fl'W'Yl 1.0% YiU'J1rl'J1l-J Lrl~EJI1l"1J'fl-3 

L",~m~1-l-J [;11l-J"1J'J1-.3U~'tln LLmi1 r11 L~l-J~'W91n L~l-J L~nu'flEJhj i1 n1nU~EJ'WLLU~-3~-n11l L9'W ~'J'W 
~",~n L~1-l-J [;11l-J"1J'J1-.3U~'fln~~'fl'l m1l-J Lrl1-EJI1li1 rl1L~l-J~'W91 n L~l-J'flEi1-.3 L~'WL~-n111 LI1l EJ L~Yi1:: LW~n 

L~1-l-J l?I1l-J "1J 'J1-.3 ~1'WVi I'll L "'U'fl LL~ ::1!?i'i1 r11 rl'J1 WI'l1-EJ I1lU~::l-J1 ru 700 Ll-J LI'l ~~ Ll?I ~'W Ld'fl~::EJ:: 
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Lrl~'flt,!'Vl ~1'W-1f1-l n~(;ln~')'W)':::tJ:::Lrl~'fl'WV11.5% YiU~1 rl,)1l-J Lrl~tJ WlJ'fl-l L'VI~ n L~1l-J (;l1l-J"1I,)1-l 

utl'flmLmhlnn1mJ~tJ'WU1Jtl-l~i~L"'l'W ),U~ 5.13 LL~~-lrl,)1l-J Lrl~tJ~"1I'fl-lL'VI~m~1l-Jml-J"1I,)1-l~
'" 

),:::~UU'W L'VI ~ n L~1l-J (;l1l-J"1I,)1-l1Jtl'fln~~'fl-l rl,)1l-J Lrl~tJ~n ~1 L~l-J~'W"'l1 n L~l-J'flt.h-l L~'W1~i~ 
t~tJ L'UYi1:::L'VI~n L~1l-Jml-J"1I,)1-l~1'WViPl L'VIU'fl LLtl:::l~n~1rl,)1l-J Lrl~tJ ~U),:::l-J1ru 800 1l-Jtrl),~ L(;l)''W 

LLtl::: 1000 1l-Jtrl),~Lm'W ml-J~1~U ~-lL'VI~m~1l-Jml-J"1I,)1-lnrl,)1l-JLrl~tJ(1IL~l-J~'WYi~~m),l-JLtI'W 
II' I ., I I I I""'1" I ..:!iI .., .o::!I q tI !J q.., A. .o::!I q I

LLUU'W uL),'fltJ1 "'l'Wn),:::'V1-l)':::tJ:::Lrltl'fl'W'V1~1'W"1I1-ll-J'fl(;ln'('l')'W)':::tJ:::Lrltl'fl'W'V1 5,0% YiU')1 
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4 .. I q l:, w .q ~ •Q.I

5.2.5 VH1(;1n~~~"l.I'fl-3lJ~'flntJ(;1~-3L\.1~nL~nJ L'U(;1'l'fltJ1-3L~1 CC-09-200 

Lritll,xLLNm::vi1 ~1'Wih-.l ~tlr;T'JtlthHI;'l1 CC -09-200 m::vi11,xr;T'Jtlci1-.lih::u::Lrl~tl'W~ 

~1'Wif1-.l i1'fi'(;1n~'J'W),::u:: Lrl~tl'W~ 0.5% ~-.l LLU ntltlmu'Wm nrl~tl'W'Vl1-.l ~1'WflU'Vl1-.lVi ~[;1 ::t)'W[;1 n 

L~l-J~'W ~'J'Wrl'J1l-JLrlrU Wiltl-3U fltln~Vlf-3 LYl~n LI;'l1l-J~tl~'Vl1-3~1'WVi ~[;1::t)'W!;jni1 fl1f1 VlfI-3'Vi ~~ nnl-J 

LYlijtl'Wrl'W~-3 2 ),::(?)U'lltl-3 ~1 LLYll.!-3~t)VI fl1 rl'J1 WrlrtJVI LLfi ::L~tlii mnrl~tl'W~ ~1'Wif1-31U'Vl1-3 ~1'W 

U'J n ~tlii'fi'[;1 n~ 'J'W),::U::Lrl~tl'W~ +0.5% ii'Vi ~ ~m'),l-JL'W'V11-3 [;1N rl'Wif1l-J ~tl rl'J1l-J LrlrtJ VI'iltl-3 

LYl~ n L1;'l1l-J [;11l-JtJ1'J~tl~'Vl1-3 ~1'WVi~ [;1::t)'W[;1 n ii fl1 L~ l-J;U ~'J'Wrl'J1l-J LrlrU VI'lltl-3 L Yl~ n L1;'l1l-J ~tl~ 
'Vl1-3 ~1'WVipj[;1::t)'Wtltlnii fl1~VI fI'I ~-3 LYl~n L1;'l1l-J ml-JtJ1'Jii rl'J1l-J LrlrUVl L~ l-J~'Wi1 'Vi ~~ nnl-J LU'WLL1J1J 

'" " " I I I I I 

""~. I .. ~ '::t "".. "" " " "" ~ A. .. "" 'W WL)'tltJ1 9'Wm::'Vl-3'Cl'W~ VI m)''Vl Vll;'ltlUm::tJ::Lrl fltl'W'VlVl1U'll1-3l-Jtl m1'Cl'J'W )'::u ::Lrlfltl'W'Vl 5.5% 

~-3 mnu~ U'W LLUfI-3'lltl'l rl'J1l-J LrlrU Vliifl1iitlU l-J 1 n ~-3 LL~)'::tJ:: Lrl~tl'W~ ~1'Wif1-3 ii'fi'm1~'J'W),::EJ:: 
, , 

Lrl~tl'WVi 0 .5% 9'Wn-3 5.5% 

i 0 
i 

-­.""­• ,o...01n 

1 ~:: 
.. 4 :'~Q11I 

ss 



, oo,-----_~--__~-_ __, 

80 

SO c 
c" ~ I 

·20 

• "''' yeld 
• U)'% ctIlt 

• l~%~ 
-50 .. 3~ drift 

.....~% ~ft 

.,~ -4 0 .20 

rl'l1l-Jil-J-A'lJfi~~'I-I~1-.l LLN m:;Vh~1lJir1-.l nU~~tI~Lrl~'CllJ~ ~1lJir1-.l'll!)-.l CC-09-200 LL~~ 

C-09-200 L~lJ1~~1nnyj rl'l1l-Jil-J-A'lJfidJlJnJ LLUU'll!)-.l'l-.l~!)U5sn LYitl1~sn ~-.l dJlJn1nrl~'CllJLLUU.. 
n~uhJ n ~U l-J1 L(;1t1 rl'l1l-Jil-J-A'lJfi~~'I-I~1-.l LLN m:;vi"lV11-.l ~1lJir1-.l nu~:;tI ~ Lrl ~!)lJ~ ~1lJir1-.l~1~ 

91 n n1~V1 (;1 ~'ClU;.j ~ ~'ll'Cl-.l n 1 ~1n ~ 'll'Cl-.lJ1lJnn LL~ ~n1~'1-1 ~lJ'll!)-.lJ1lJn m'll-J'Cl~ ~'ltl 9-.l ~!)-.l n1 ~ 

ufu LLrlrh ~m~'Cl-.l91n ~~'ll!)-.l LLN'El(;1ml-J LLlJ'l LLnlJ~1),j!)tJ1lJLLlJ'l~-.l ml-J,x'lir'Cl~ 3.6.1 LL~:;n1~
'II 

Lrl~'CllJ~V11-.l ~1lJir1-.l,rlJ1~U fu LLrl~ ~'ll!)-.l n1 ~1n~'ll'Cl-.l.l1lJn n LL~:;n1~'I-I ~lJ 'll!)-.l.l1lJ n nml-J,x'lir'Cl 

~ 3.6.2 ~-.l r1'l1l-Jil-J-A'lJfi~:;'I-I~1-.l LLNm:;~1~1lJir1-.l LL~ :;~:;tI:;Lrl~'CllJ~~1lJir1-.l'll'Cl-.lvi'l'CltJ1-.l L~1 

CC-09-200 LL~:; C-09-200 ;.j~-.l(;\!)1Ud 

5.3.1 i'l'£lth.:JLtIl1 C-09-200 

%. IV ~ I 0 '" ... IV .d,J"'.... ., I 

r1'l1l-J~l-JYilJ1J~~'I-I'l1-.l LLN m:;V11 (;11lJ'll1-.l nm:::tI:; Lrl~!)lJYl (;11 lJ'll1-.l 'll'Cl-.lI'l'l'fl tI1-.l L~1 C-09­

200 1~LL~(;1-.l1lJ~U~ 5.16 ~-.lYiU~1LLNm:;~1~1lJir1-.l~-.l~(;1;.jrl1LYhnu +81.6 iiL~il'lvilJ ~~~tI:;
'II "ol • 

J J l' .... .,. ~ J 1" ..."Lrl~'CllJYl -1 .94 %) lJ~:;'I-I'l1-.ln1~V1(;1~!)ULn(;1L'I-I(;Jn1~ruLLN(;1lJ'1l!)-.l Lrl~'Cl-.l '1-1 LLNYl1-.l(;11lJ'll1-.l~(;1~-.l 

J~..I ..: J . J .. ..I 1" " "" 
Yl!)(;]n~'llJ~:;tI:;Lrl~'CllJYl +3.0% ~'ClUn1~V1(;1~'flU~'flUV1 2 9-.l·C'l-.l~~ 'I-ILLNm:;Yl1V11-.l(;11lJ'll1-.l 

~(;1~-.l L~'fl-.l91n~1~H''I-I~'Cl LUlJ1lJ~~UUvi!)~(;1~-.l~11~Lrl~!)-.l;.j rl'l1l-J~'CllJl-J1n LnlJ1u~-.l1~LL~ (;1-.l1lJ 

~U~5.16 
" 
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"1IreJ"J LL~,.:m~~y'i1~TW;r1"J~"J~t?lLYl1nU 85.1 nL~il'Jr;i'W ~rl1L'U~£J"1IreJ"J~~£J~Lrl~reJ'W~~1'W;r1"J LYl1nU 

31.4 l.Jl.J. ('fi'(11n~'J'W~~£J~Lrl~mJ~ 1.46%) L~1Lnt?l~U~~LLNm~~1Yl1"J~1'W;r1"J~t?l~"JL'\.-l~reJ 80% 

rl1 L'u~£J LL'Nm~~1 ~1'W;r1"Jrl"JL""~reJ 68.4 nl~il'Jr;i1..! ~rl1 L'U~£J"1IreJ"J~~£J~Lrl~reJ'W~~1'W;r1"J L'U~£J 

LYhnu 96.4 l-Jl-J. ('fi'(;ln~'J'W~~£J~Lrl~tl'W~ 4.59%) LL~~Ldtli1..!~t?ln1~Ylt?l~tlU~U(hrl1L'U~£J"1Itl"J 
o II" ..c!iI I V ~~ _ ..., .J I.J ~ .cJ '" " .J 

LLNm~Yl1t?l11..!"1I1"J rl"J L'\.-l~!lLYl1nU 58.5 n ~~'W'J(111..! Ylrl1 L'U~£J"1Itl"J~~tI~Lrl~tl'WYl t?l1'W"1I1"J L'U~£J 

..., .d cJ ~ 011 ,,£III dI 

118.8 l-Jl-J. (tl(11~1~'J1..!~~£J~Lrl~tl1..!Yl 5.53%) '1f"JLLNm~Yl1t?l11..!"1I1"Jl-Jrl1~t?l~"JL'\.-l~tl 68.7% 

Hysteresis for C-09-200 
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Displacement (mm) 

~U~ 5.16 'J"J~!lU~'ilLVi£J1~'1f"1ltl"Jr;i'JreJt11"JL~1 C-09-200 

... ~ ~ 

I - C~09-200 I 
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Envelope curve for C-09-200 
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Displacement (mm) 

nJ~ 5.17 L~ULA''1'l1'El1JU'Eln'Il'El'lrn'l'Elth'l L~1 C-09-200 
" 
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Pe~k load = 85.1 kN 

... _ _ . .. J. _ _ _ _ __ _ • _ . . _. ____ _ .. _ _ _ _ _ ~ ____ _ . •• __ . _ . . - . . __ . . _ 
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Displacement (mm) 

5.3.2 	1K'l'ilth.:JL'&lI1 CC-09-200 


,.r. IV" I 0 '" 1I _ .J J ... s.. ..... I 


F1'l1l..h'i).J'I"lUfi1~"''l1'1 LLN n 1~'V11 Vl1U'lI1'1 n1J1~tJ ~Lflrl'ElU'V1 Vl1U'lI1'1'l1'El'lI?l'l'EltJ1'1 L~1 CC­

09-200 ~'lLL~Vl'llUlU~ 5.19 ~'1'1"l1J~1LL1'1m~vi1~hwU1'1~'1~Vli:JrhL'Vhn1J +83.1 nLrlil'l!?lU ~ 
4 .cJ1I II I IV _ J .cJ q 0 

1~tJ~Lflrl'ElU'V1Vl1U'lI1'1L'V11n1J +32.1 lJlJ . ('Ell?ln~'lU1~tJ~LFI~'ElU'V1 +1.49%) LLrl~lJLL1'1m~'V11 

~1Uii1'1~1~VliirhL'Vhn1J -91 .1 nLrlil'l!?lU ~1~tJ~LFI~'ElU~~1Uii1'lL'Vhn1J -43.1 lJ).J. (~1?l11~'lU, 
, , 

1~tJ~LFI~'ElUVi -2.00%) 
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'lJre:J'1 LL Nm~vhcJi'1'W-n1'1~'1~ ~Ll'hnu 85.5 iiL~U'lCPl'W ~r11 L'U~ tJ'lJre:J'1 'i'~tJ~L,",~re:J'W~ cJi'1'W-n1'1 Lvh nu 

32.2 ~~ . (tl(;J'j'1~'l'W'i'~tJ~L,",~re:J'W~ 1.50%) L~1Ln~~u'1i~LLNm~Vi1'Vl1'1cJi'1'W'if1'1~~~'1L'I-l~re:J 80% 

r11 L'U~mLNm~Vi1 cJi'1'W-n1'1 '"''1 L'I-l~re:J Ll'h nu 68. 1 iiL~U'l CPl'W ~ r11 L'U~tJ'lJre:J'1'i'~tJ ~L,",~re:J'W~cJi'1'W-n1'1 
.J .J...J.d 1l 

1 Go' Go' II.J

L'U~m'VI1nU 11 0.2 ~~. (re:J1?1'i'1~'l'W'i'~tJ~L,",~re:J'W'VI 5.25%) L~re:J~'W~~n1'i''VI~~re:JUYiU'l1mL'U~tJ• 
o 11 1.1 d I'" .q')' ..::.. Go' .J I .J .J .J l.1 11 .J 

'lJre:J'1 LLNm~'VI1m'W'lJ1'1,",'1 L'I-l~re:JL'VI1nU 65.8 n b~'W'lI?1'W 'VI m L'U~tJ'lJ!l'1'i'~tJ~L,",~re:J'W'VImW1.l1'1L'U~tJ 

I IV ..., ..J.J J 0 11 11 ~ I ..::II 

L'VI1nU 117.9 ~·m. (re:J(?\'i'1~'l'W'i'~tJ~L,",~re:J'W'VI 5.48%) BJ!'1LLNm~'VI1m'W'lJ1'1~.m1~~~'1L'I-l~re:J 77% 

Hysteresis for CC-09-200 

-150 -100 -50 o 50 100 150 

Displacement (mm) 

..'i'U~ 5.19 'l'1'i're:Ju~BJ!LV1tJ1~BJ!'lJre:J'1CPl'lre:Jth'1 L~1 CC-09-200 
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Envelope curve for CC-09-200 
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~U~ 5.20 L~U'i:~-:]"1I'EllJU'Eln"1l'El-:]tJi'J'ElEh:a~1 CC-09-200 
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Peak load = 85.5 kN 
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.... ·····i··60 
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Displacement (mm) 

C-09-200 ilLLNm:;vh~1U;r1-:]~-:]~VlLvi1nlJ -93.5 rni'lil'J~u LLi'l:; -92 n'i:i'lil'JtJiUtJl1l-J~hvllJ 't~ 


L~u'ElLtiunnyh~u'i:~-:]"1ItllJU'Elnvl-:]LL~Vl-:]~U~ 5.22 LLi'l:;nJ~ 5.23 L~'El~1EJtJi'fm1nmEJlJLVlEJlJC.Ji'l 

'II " 

I 0 "''' ..., I ..q 0 11''' I ...,

'Y'llJ'J1LLNm:;'V11 Vl1W1I1-:]"1I'EI-:] 111'J'ElEJ1-:] L~1 CC-09-200 l-J LLNm:;'V11Vl1U"1I1-:]~-:]~VlL'V11nlJ 84.5 

nLi'"lil'J~u ~-:]l-J1nn~1~'JtlEh-:]L~1 C-09-200 ill'i1Lvi1nlJ 84 nLi'"lil'J~u LLi'"l:;~L~U't~-nt1lPl'EI 
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• • 

, 
Utlf.Jn~lrn,)'el£iI\J L~'1 C-09-200 Lil'f)~~'1n~'J'arJl~ L~1 C-09-200 il n'1dYlfH'1itJuantJ~r1trun1(?l,xl-J 

Hysteresis for C-09-200 
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Displacement (mm) 

nJ~ 5_22 n1mJ1tJt!LVltlt!'.l'l~'Clt!~'llLVI£i1~'lI"11'Cl'l(;]'.l'Clthm'l1 CC-09-200 LLfl:; C-09-200 
" 

Envelope curve 
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Displacement (mm) 

nJ~ 5.23 n1~LmtJt!LVltlt!91nm1'th~'WLPl'l"1l'CltJ'W'Cln 
" 

.4.J.J lot _". I "._ _ lot .0:1 M ~ 
LPlfl'Cl'W'VlY1'i':;tJ:::hmN L~tJPI'.l1l-Jil-J~'Wfi~:;"''.l1'l Ll-J Ll-J'Wlnvl~nt!PI'.l1l-JLPI'l PI'Cl ¢ = - 'll'l~1l-J1~n 

EI 

"'11"11 IE 1~91nPI '.1 1l-J PI'.l1wn'W91 nPI'.l1l-Jil-J'W'Wjh:;"'~1'lLl-J Ll-J'Wj;f~~ nt! PI '.1 1 l-JLPl'l PI'.l1l-J LPl'l 
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l-J. "'l1 m'~I'1U fl'lll-J~-.l"'ll n ~'lU'WJ1'W n n ~-.lI:J~'lI'fl-.l fl'lll-Jim~''Wfi~~v1'll-.l ll-J Ll-J'Wj;f1'1(?)rlU fl'lll-J lfl-.l 

i1nEJ~~L~EJ(?) 1'1-.l j;J'flhJn 

5.4.1 i,)'fl~l-.lL~l C-09-200 

fl'lll-J i l-J ~'Wfi~~V1~l-.l ll-J Ll-J 'Wj;f1'1(?) rlU fl'lll-J lfl-.l ~'Yi ul~l 'Wj;J'l 'fl ~ 1-.l L~ 1 'Yi U~l fl'lll-J lfl-.l 

'1i'l-.lfl'lll-J~-.l 0.40 n-.l 0.60 l-J.LL~~'1i'l-.lfl'lll-J~-.l 0.20 n-.l 0.40 l-J. "'lln~'lU'WJ1'Wnn fl'lll-Jil-J~'Wfi 

~~V1~1-.l ll-J Ll-J'Wj;f1'1(?)rlUfl'lll-J lfl-.l i1~n')j'rw~LtI'WL~'WI1lN L'1i'WL~m rlU j;J'l'fl~1-.l L~l CC-09-200 LL~~ 

fl'lll-Jlfl-.l~'1i'l-.lfl'lll-J~-.l 0.00 n-.l 0.20 l-J. 'YiU~1~n')j'rw~fl'l1l-Jil-J~'WfiLtI'W~n')j'rw~'5'1!L~EJ1~'1! ~-.l 

"'llnl:J~'lI'fl-.lfl'l1l-Jil-J~'Wfi~~V1~1-.l1l-JLl-J'Wj;fI'1(?)rlUfl'l1l-Jlfl-.l~"1l'l-.lfl'l1l-J~-.l 0.00 n-.l 0.20 l-J. ~lm~Cl 

'VlnUl~~l~~EJ~"'l(?)V1l-J(?)'Yi~l~~n'fl~l'W'1i'l-.lfl'lll-J~-.l 0.00 n-.l 0.20 l-J. LLj;Jl'Wn1~'Vl(?)~'flULn(?)LV111l
q" 'iI 'lJ q 

""% ~ , 'i''' d , ....d .J v 
~(?)'l'CiEJ bl-J~lmmV11fl'lll-J bfl-.lWll'l-.lfl'lll-J~-.l 0.00 Cl-.l 0.20 l-J. L'W'fl-.l"'llnm'~"'l m''el-.l Lm'fl-.l'l(?)~~EJ~, " 

Lfl~'fl'W~V1~(?)~~V1~1-.ln1~'Vl(?)~'flU~1l-J1~mh'Wrhl~n-.l~m1~'l'W~~EJ~Lfl~'fl'W~ 1.0% nJ~ 5.24 , " 

Moment-curvature relation for C-09-200 
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Moment-curvature relation for C-09-200 
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('lJ) 'll'l~r1'l1~~~ 0.20 n~ 0.40 ~_ 
Moment-curvature relation for C-09-200 
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 " 
-200 
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1-- Bollom level I

Curvature (1 1m) 

(r1) 'll'l~m1~~~ 0.00 n\l 0.20 ~ _ 


nl~ 5.24 m1~~~~\<!if~~""~1\lL~L~'t.U;I;~n1Jm1~L~\l1\Ac;l'ltltJ1~L~1 C-09-200 

" 
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(1\1 OAO 

5.4.2 	i'l'Elth-:n~1 CC-09-200 

rl'J 1 '-J ~'-J~ufi~:;'1-1~ 1\1 'l'-J L'-JUr;]cil~ flU rl'J1 '-J 'lA'\I ~YiU 1~LU!?l'J 'e:l ti 1\1 L~ 1 YiU~ 1 rl'J 1 '-J'lA'\I .. 

OAO (;\1 0.60 '-J . Yi1J~1~m~ru:;rl'J1'-J~'-J~ufidJu~m~ru:;~'l!L'Vlt.i1~'l! ~\I"'l1mJfl"IJ!l\lrl'J1'-J~'-J~ufi 

r:;'I-I~1\1'l'-JL'-Jur;]cil~flUrl'J1'-J'lA'\I~-ri'J\lrl'J1'-J~\I 0.20 (;\1 OAO '-J. ~1m~(1'Vlnu1~rj1~:;tJ:;"'l~'I-I'-J~",] 	 , . 
Yifl1~ ~n'e:l~LU1l1tJ LU~:;tJ:;rl'J1'-J~\I-ri'J\I fi 1\1 rU~ 5.26 LL~~\I rl'J1'-J~'-J~ufi~:;'I-I~1\1 'l'-J L'-JUr;]cil~ flU 

rl'J1'-J'lA'\lLU!?l'J'e:lti1\1 L~1 CC-09-200 'l~tJ-ri'J\I rl'J1'-J~\I"'l1n L1tJ\l91nuurl\lfi1\11n1'-J~hcilu 

Moment-curvature relation for CC-09-200 
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Moment-curvature relation lor CC-09-200 
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Moment-curvature relation for CC-09-200 
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1--
. 

-150 : Bottom level! 

-200 

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 

Curvatue (1 1m) 

(rl) -rl'l,,'jrl'l1~~,,'j 0.00 (),,'j 0.20 ~. 

~U~ 5.26 (~'el) rl'l1~~~~l..ltf~:::~~1,,'j t~L~'Uj;f~~Hl1Jrl'l1~tA',,'jlt,!I;i''l'eltl1,,'j L~1 CC-09-200.. 

, ... 


5.5 fl1fl'l13JL'WUtI'J 

I ..q ..... I ~ '11.1 _ ,J .J JI.I " 
rl1rl'l1~L~'UtJ'l"1l'el,,'j[;J'l'eltJ1,,'jL~1 (fL) "JI,,'j~1 L~'"l1n'el[;J~1'C'I'l'U"1I'el,,'j~:::tJ:::Lrl~'el'UYl~1'U"1I1,,'j 

.J ,J" ... ,J ~ ... ~'i'''' 
~,,'j~~ (.1 ) LL~:::~:::tJ:::Lrl~'el'UYl~1'U"1I1,,'jYl'~rl~1n (.1)') ~1~1~(1~1 L~'"l1nL~'Ubrl,,'j"1ltl1J'Utlnu 

.J rS I "" '" .J ,J", 1.1 I0

(envelope curve) Yl'Yi~tl(J1~:::~'l1,,'j LLN m:::Yl1~1'U"1I1,,'j LL~ :::~:::tJ:::Lrl~'el'UYl ~1'U"1I1,,'j~,,'j~~'D'el,,'j LL(Jl~::: 

.... .J.:J J <Qq .J .d 1.1 " ~ .J 
'el [;1~1 ~1~Lrl~tl'UYl"1l'el,,'j n1~Yl ~~tl1J 'l!,,'j'lf] n1~~1~:::tJ::: Lrl~'el'UYl ~1'U'lI1,,'j~,,'j ~ ~ LL~ :::~:::tJ :::Lrl ~'el'UYl 

~1'Uif1,,'j~'~rl~1nnn1~~1~LL[;1mh,,'jn'U l'U,,'j1'Uij4'tJel~LL~~,,'jijfin1r~1rhm1~L~i1tJ'l 5 ijfi ~,,'jn 
ijfin1r~1rl'l1~IL~i1tJ'l~,,'j[;11~1,,'j~ 5_1 ~,,'jLLM1,,'jl'U~u~ 5,27 (),,'jru~ 5.31 

.. v 
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• ,"'" , ""'"'" 'i'~lJV1 5.29 PI1P1'l1lJLVI'WmV1L~'Wfl b(1lEJ Paultre LLfil::r1CW:: (2001)
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(l-ln) 

Priestley LL~:; Park (1897) 

C-09-200 14.5 117.6 8.1 

CC-09-200 15.1 l-l1nwh131.8 

Sheikh LL~:; Khoury (1993) 

C-09-200 24 .9 91.4 3.7 

CC-09-200 19.6 103.5 5.3 

Paultre LL~:;f'lru:; (2001) 

C-09-200 21 .0 96.4 4.6 

CC-09-200 20.3 110.2 7.6 

Legeron LL~:; Pualtre (2002) 

C-09-200 17.2 96.4 5.6 

CC-09-200 16.8 110.2 6.6 

First yield 

C-09-200 25.7 96.4 3.8 

CC-09-200 16.9 110.2 6.5 

~(;ln~')ur~u:;L~~'flu~1ulh~.win1n~~'flu~~H1Un1j''V1i?l~'flU "'llmrUL~~'flU~n~m.J1~n1j' 

L~~'flU~L'Vhnu~utf ii'fl~ILtlumn~~'flU~muV1rt'l1'flU 
fhn1r~~ltJ'Yi~'1'1IU'JJ'fl'lr;l,)'fltil'lL~1 CC-09-200 LL~~r;l,)'fltil'lL~1 C-09-200 LL~i?l'ln1r 

LmtJU L ~ tJU r:;V1~I'I fhmr~~1 tJ'Yi ~'1'1IUnU~m1~')w:;tI:;L~~'flU~ 1U'J!,)'1 ~')1lJilJ~wfr~V1~1'1 

LLj''1nj':;li1~lu;h'lnur~tJ~L~~'flU~~1U;r1'1tT'ILiJuL~U(;lNt!U~'fl1u'J!,)'1~m1n1n~~'flU~L'Vhnu 
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0.00% ~'I 1.00% rhn1~~'i'lltJ~~'I'I1Uilrh1n~L~tJ'Iri\n..nn ~U~lr;l,)'fl£h'lL~l CC-09-200 LL'i'l~ 

C-09-200 ilrhn1~~flltJ~~'I'I1U~~~).JilrhLVhn1J 893 LL'i'l:; 884 nt'i'lil')r;lU-n'i'l~L).JI?1~ 

1?11).J~1~U 1u'li,)'Itll?1nn1nrl~'flu~L'vhrl1J 1.50% ~'I 5.50% rhn1~~flltJ~~'I'I1U'lJ'fl'l LL(;]'i'l~~'flU 

"lJ'fl'lr;l,)'fl£h'l L~l C-09-200 ).Jlnn~lr;l')'flth'l L~l CC-09-200 ilril).Jln~UL~'fl LVltJUrlu1ULL(;]'i'l:; 

tlmlnlnrl~'flU~ tVlm~'fl~U~Vln1~'VlVl~'flU~tlmln1nrl~'flU~ 5.50% ~u~lilriln1~~flltJ• 
~~'I'I1U~:;~).J'IJ'fl'lr;l,)'fl£h'lL~1 C-09-200 Lvilnu 63131 nt'i'lil')r;lU-n'i'l~L).Jm ~'Iilril).J1nn~l 

r;l,)'flth'lL~l CC-09-200 ~'Iilriln1~~'i'lltJYl~'I'I1U~~~).J Lvhrlu 55947 iitflil,)r;lu-n'i'l~ L).J 1?1~ 
, 

r;l,)'flrJl'1L~l C-09-200 ilriln1~~'i'lltJ~~'I'I1U~:;~).JVl).Jlnn~1r;l,)'fl£h'lL~1 CC-09-200 

tl1ilT"ln11 

..: d 
L~M1UVl 

(%) 

Fi1n112lfl1UYi~-.l-.l1U (mflil~u-ijfl~ LlJ Iil1) 

C-09-200 CC-09-200 

LLvl fl ::1tlUVl UlMlU 2l::2llJ LLvl~:;nlUVlUl2l'flU 2l::2llJ 

0.0 0 0 0 0 

0.5 235 235 255 255 

1.0 647 882 638 893 

1.5 1315 2197 1187 2080 

2.0 2433 4630 2246 4326 

2.5 3650 8280 3139 7465 

3.0 5033 11313 4513 11978 

3.5 6200 19513 5739 17717 

4.0 8152 27665 7328 25045 

4.5 9898 37563 8996 34041 

5.0 11743 49306 10605 44646 

5.5 13832 63138 11301 55947 
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Cumulative energy dissipation 
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~tJ~ 5_ 32 n1~~~1EJYl~'1'11'W~~~~'lItl'l r;l'ltlti1'1 L~1~Vl Vl~tlU 
" 

5_7 fi11f6lyh'lJ1f (stiffness) 

rh~ tiYl L 'W~~'1'1-t11~r,l1nf)'l1~..n'W"1Jtl'l f)'l1~ ~~~'W1f~~'I-t~1'1 LLN n ~:;vh ~1'Wif1'1 LL~ ~~:;EJ:; 

Lf)~tl'W~ ~1'Wif1'1"1Jtl'l LLt;!~ ::;~tlU!l(;1 n n1 nf) ~tl'W~ ~'1 Yl~tl (;1 LmEJU L Y1 EJU ri 1 ~ tiYl L 'W~"1Jtl'l LLt;! ~:; 

r;l'ltlti1'1L~1~VlVl~tlU YlU~1r11~tiYlL'W~"1Jtl'lr;l'ltlti1'1L~1 CC-09-200 nr11~1nn~1 C-09-200 ~'1 

n~1 LL~:;r.l1mtJ~ 5.33 Ll.1'W1~~1r11~tiYlL'W~n1n~L~EJ'In'Wmn LLj;]r;l'ltlti1'1L~1 C-09-200 n 
" 

'lI I I A .J.d.J d. _ ..d.J I ,d '" 
LL'W'l t'W~'l1m~(;1Yl L'W~~ Vl~'1L~tln1nMltl'WVl"JJtl'l L~1~f)1tl(;1nn1~Lf)~tl'WVl~1nn'l1 5.0% '1I'1rl1 

q ..d..J - I 1 ' a q .J 1..­I ...1 I

~n1nf)~tl'WVl"1Jtl'lmtlEJ1'1 L~1 'Wn1~VlVl~tlU~1nn'l1 5.5% ~1mnl L'I-t'Wf)1~(;\n L'W~YI LLlJlnm'l Vl 

mh'l..nVlL'"I'W 

Stiffness for each Drift ratio 
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'ii~~1 

m~ 

... .. 
Lrl~'ilWVl 

(%) 

~'ilU 

Vl~MlU 

rh~~yJLw~, K (iit~imlw~'ilij~~LlJ~~) 

C-09-200 CC-09-200 

YiPl~U 

(-) 

YiPlU'ln 

(+) 

.oj 

Lll~t1 YiPl~U 

(-) 

.oj 

YiPlU'ln Lll~t1 

(+) 

0.0 - 0.00 0.00 0.00 0.00 0.00 0.00 

0.5 
1 -5.16 4.73 

4.86 
-5.31 4 .89 

5.00 
2 -5.12 4.41 -5.09 4.70 

1.0 
1 -3.77 3.47 

3.53 
-3.76 3.45 

3.55 
2 -3.58 3.28 -3.63 3.33 

1.5 
1 -2.86 2.57 

2.67 
-2.75 2.59 

2.63 
2 -2.74 2.51 -2.70 2.49 

2.0 
1 -2.18 1.837 

1.943 
-2.11 1.752 

1.883 
2 -1.977 1.781 -1.912 1.767 

2.5 
1 -1 .573 1.408 

1.460 
-1.594 1.462 

1.493 
2 -1.498 1.360 -1.541 1.385 

3.0 
1 -1 .292 1.119 

1.144 
-1.235 1.182 

1.211 
2 -1 .248 0.916 -1.245 1.122 

3.5 
1 -1 .095 0.929 

0.996 
-1.087 0.984 

1.020 
2 -1.054 0.905 -1.054 0.957 

4.0 
1 -0.900 0.761 

0.816 
-0.932 0.826 

0.854 
2 -0.871 0.729 -0.863 0.797 

4.5 
1 -0.779 0.628 

0.693 
-0.779 0.729 

0.742 
2 -0.735 0.631 -0.753 0.708 

5.0 
1 -0.653 0.545 

0.588 
-0.653 0.628 

0.633 
2 -0.633 0.522 -0.642 0.610 

5.5 
1 -0.503 0.483 

0.473 
-0.564 0.550 

0.554 
2 0.433 0.440 -0.548 0.554 
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lJ'Vl'VI 6 

r.nn n1r~n~1\'!~1\,!';jrolEJd~1mrCl~rtJ ~~H)~~ [;]tlltJd 

1. 	 r.nnn1r'VI~~tllJLlH~m~1l-lLLNm::v111l1t1HfLLN'il~~lJ~1LVI~m~1l-l~ij,J~'fln~~f~LVI~n 
, 	 , 

.o::!t..o:::lICill q 	 qq 

L~rl-l"1l\'!1~'VIl-lm1l-lEJ1'J 100 l-ll-l. LL~~l-lf)'J1l-lVl\'!1 9 l-ll-l. LL~~"1I\'!1~'VIl-lf)'J1l-lEJ1'J 100 

l-ll-l. 	LL~::ijm1l-lVl\'!1 6 l-ll-l. ~1l-l1rClflJLLNm::v11ml-lLL\'!'JLLn\'!Vli~9~f)nnHlf)~~ LL~::. 
ijrhn1r~~1EJ~i~~1\'!~ln~LAEJ~rl\'!~'fl 6.64 LL~:: 6.49 nt~ih;T\'!-Ll-l(;1r (;11l-l~1~lJ 9'1 

L~tlnHtJ~tln~~f~LVI~m~1l-l"1l\'!1~~ijf)'J1l-lEJ1'J 1 00 l-ll-l . LL~~ijm1l-lVl\'!1 6 l-ll-l . dj\,! 

..::S 	 ~ c:r .o::t...J,q .... .o::!t. """" Jq CJ

tJ~'fl nEJ ~ r~ LVI~ n L~ rl-l'VIl-l"1l\'!1 ~ LVll-l1~~ l-l LL~::l '1i L~ rl-l 1 \'!L~1f)'fl\'!nr(;1 L~ rl-l L VI~ n L~tl 

'VI ~~tllJ1l1 EJ UfLL N m::v11 LL lJlJt)!lrol m 

2. 	 tJ~tln~ ~f~ LVI~ m~1l-l~1l-l1rCl~1\'!'VI1\'!n1rLri~ L~1~'lItl~ LVI~n L~1l-l I1I1l-lEJ1'J1 \'!U1L'Jru 

r::EJ~~~1~~nl~dj\,!tlEh'l~ [;]'J'fl~1~L~1~ijn1n~1l-ltJ~tln~~f~LVI~m~1l-l CC-09-200 

hJ~urtlEJ LL(;1nf1'J LL~ ::n1rVl~ ~i'fl\'!"1Itl~ f)tl\,!n1(;1,xl-ll-l1nlJ1L'J ruLf)\'!L~1 ~~ LL(;1n [;]1~ rllJ 
, , 

[;]'Jtl~1~ L~1 C-09-200 Vi~lJrtlmL(;1nf1'JVi l-l1n n~1LL~::n1rVl~~itlWlltl~ f)tl\,!n1(;1,xl-l 

lJ1L'J ruLf)\'!L~1~~ L~\'!n1 r Lri~ L~1~"1Itl'lLVI~n L~1l-l m l-ltl1'J l~tlEh~i~ L9\,! 

3. 	 91m~\'!Lr'l~'lItllJ\,!tln~U~1 [;]'J'fl~1~ L~1~ijn1n~1l-ltJ~tln~~f~ LVI~m~1l-l CC-09-200 

LL~::[;]'Jtl~1~ L~1~hJijn1n~1l-ltJ~'fln~~¥~LVI~m~1l-l C-09-200 L~EJij~1 LLN m::,yh 

1111\,!.jh~~~~~LVhrllJ 85.5 kN LL~:: 85.1 kN (;11l-l~1~lJLL~::91n~~n1r'VI~~tlU~1mrCl 

Vl1~1f)'J1l-l LVlUEJ'J91n~n1rVl1r)1m1mVlUEJ'J~lI11L~\,!tll\,!tl~(;1~~Vll-l~ 5 ';jfi ~~ [;]'J'fl~1~ 
q I q I CI.' I 	 .J I 

L~1 CC-09-200 l-lmf)'J1l-lLVI\'!EJ'Jl-l1nm1(;1'Jtltl1~L~1 C-09-200 L'U~tll-l1nm1 27% 

4. 	 [;]'J'flEh~L~1~ijn1rL~1l-l,J~tln~~f~LVI~m~1l-l CC-09-200 ij~1n1r~~1t1~i~~1\'!~UtlEJ 
n~1~'J'flEh~L~1 C-09-200 L~\'!1~91n'J~r'fllJ'lItl~ m1l-l~l-l~\'!lh::VI~1~ LL N nr::,yh 

1111tJ.jh~ nm::EJ ~ Lf)~tl\,!~ cX1\'!-if1~"1I'fl~~'J'fl rl1'1 L~1 CC-09-200 LL[;]~::'il(;1 n~'J\'!r::EJ:: 

Lf) ~tl\,!~ij'J~ rtllJ LLf)lJ n~1tlrl1~ L~\,!lcXi~ L9\,! L~tl~91n ~'J'fl rl1~ L~1ij n1r~ ~ ~~'lItl~ r::EJ:: 

9~Vll-l\'!~~1~~n 
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