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Thailand. The variables used in this study are amount of transverse reinforcement and 

lap-splice in plastic hinge region. The column S1 and S2s possess 0.2% transverse 

reinforcement ratio according to AC1318-05 and 0.1% transverse reinforcement ratio 

has been used in S3 according to E.I.T 1007-34. The splice length of 600 mm is used in 
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are 3.14% and 0.2 respecitvely. All columns were subject to increasing lateral cyclic 

load while the axial load was kept constrant throuthout the test. The test program was 

terminated when the axial load could not be carried by the column. The test results 

revealed that all columns were failed by shear initiated by concrete cover spalling and 

following by bar buckling. The lateral resistance has significantly dropped when the 

columns subject to lateral displacement aound 1.5 - 2.0 % drift. For column S1, the 

gravity load collapse occurred at 4% drift and S2s at 3.5 % drift. The splice slip may 

result in reduction in the maximum drift of Specimen S2s. For column S3, the transverse 
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maximum drift at gravity load collapse. From the test result, the influence of amount of 

transverse reinforcement may be more pronounce. The results also revealed that the 

maximum drift at gravity load collapse was approximately twice the drift at lateral 

strength loss. 
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.... 
'lJ'VI'VI 1 

o 
'U'VI1J1 

, ., , 
U1::L"t'lfilYlLn(;lL'-1~n11nrLL~\6~\6i.Wl1JtltJI'l1~ L"Jl\6 ~~\6, i.tJfW)\6 '-1'1tl il,);LL~\6r;l LU\6tJf\6 

., 
,,::ii 1'l,),)2.J lJI1::'-1,rn ~~t1\6lJ11')tJ'tItl~ LLN m::vi'),,') n LL~\6~\6i. '-1') v1tl LI'l N~~')~tl') I'l,) 1 ~~,r\6 LI'lN ~ h~ 

L '-1~ ')~,,::tl ntltl n LLUU 1,xii I'l,) ,)2.J ~,)2.J,) 1tl 1 \6n1 11U LLN LL~\6~\6 i. '-1') i.~~ ~~ LLlJI n IJI,)~" ') n LflN~ ~')~ .. 
tl') 1'l,)11 \6U1::L "t'l fII~ LL~\6~\6 i. '-1') Ln (;I~\6 hhJtltJ f1f~ L"Jl\6 U1:: L"t'l fIIi. "t'ltJ LflN~ ~')~tl') f1,)1L '-1~')~,r n,,:: 

bJi.~~ntltlmLuu1,xtJf,)\6"t'l,)\6LL~\6~\6i. '-1') '-1') n Ln (;I LL~\6~\6i. '-1')~'tI\6,) (;I hl1 '-1qj,rn LI'lN~~')~~bJi.~ 

tltl n LLuu1 ,x1tl~1U LLN m::vi')" ') n LL~\6~\6i. '-1') ntl')" Ln (;I1'l,) ,)2.J L~tJ'-1,) tJ2.J,) mL~::tl')"" ::~~~~ 

ritl1,x Ln (;It1\6lJ11')tJ IJItlillJl ~ 1'l\6 i.~ 

, ., 
'-1u,)Yl 1U LLN m::vi') ~') \6;r')~ ~')tJ '-1') n L~,) Ln (;I 1"1')') 2.J L~tJ'-1')tJi.lJ~')2.J,) 1tl 1UU') '-1,rntl') I'l,) 1 i.~ ,,::vi ') 

., , 
1 mflN ~ ~')~ tl') I'l,) 1~~'-12.J (;I~~"t'l ~ ')tJ ~~2.J ') i.~ ~')tlth~ 1'l,),)2.J L~tJ'-1')tJ" ')n LLN LL~\6 i. '-1,)Yl n1::vi ') nu 

." ., 
L~,) ,r\6LL~(;I~1\6lUYl1.1 LL~:: 1.2 L~')1\6tl,)I'l,)1L'-1~')il~ntltlmLuu~')1,xfuLLN1'ULL'U,)LLn'ULYJtJ~ 

, ... i. 'i. IJ 'I IJ., 0 , "" i. .J... ,... i. ... ..J IJ 
'tltJ')~ L(;ItJ') 2.J (;I'tltl mLUU ~ '-1 L~,)1ULLN n1::"t'l'),,')mLc.J'U(;I'U '-1') L2.Jtl Ln (;I LLc.J 'U (;1\6 '-1') f1tl\6mlJl"t'l~2.J 

m~n L~l2.J"::Ln (;In11'-1~ (;I1tl\6 ~~ c.J~ 1,x Ln (;In,)1Lri~ L(;I')::'tItl~ L'-1~n L~l2.J lJI,)2.J LL 'U,) LLn'Uvi') 1,x L~,) • ., ., 
~ 'V L~tJ 1'l,),)2.J~,) 2.J,) 1tl1 'Un') 11uu,)'-1,rnu11YJ n LL~::~U~i.~ n,)1~U~'tItl~ L~,) 1 \6i n~ru::ilLn (;l 
.J ... CI U 'I.~ II.! ... ..J . .. ~ CI ... ... 

L\6tl~2.J')"')nn11L~12.J L'-1~n ~'tln ~'Uu12.J,)ru ~LVimVi'tl"t'l"::tJ (;IN L '-1~m~12.J LL~::LLn'Ul'ltl'UmlJl n11 

L~l2.J L '-1~ nU~'tln 1 'Um2.J,) ruUtltJ~ti~~~ c.J~ 1,x L~')ii 1'l,),)2.J L~tJ~ v1tl n11~U; LLUU L~tl\6 ~~ Li:JmJ') 1 
I I II I I 

~~Ylt1\6lJ11')tJ L iltl~,,') n LU\6n1 1~~ LLUU~\6Yl~\6 1(;1 \6'tl n,,') n,r\61 'U~')'Uri'tl~~,)~~,) i.u1 \6U 1:: L "t'l filii 
LL~\6~\6i. '-1') Ln (;I~\6i.lJtJtltJ ti~ih')tJ ~::LiltJ (;In11L~12.J L '-1~n~vi') 1,x L~,) L~tJ~ IJItln11~U; L~tl1ULLN 

, ... i..J ' CI..... 'i' ..J....., ... .J .!'I "" 
LLc.J'U(;I'U '-1') L-u'U n11lJ1tl"t'l')U L'-1~ntJ'UU1L,) ru ~1'l\6L~,) "t'llJl (;I nu l')\61,) n I'ltl'Un1lJ1 'H LU'UU1L,)CU'1'" 
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\UflJVifl1~~n (Plastic hinge) 111£J1.~LLNm'~v'hIil1mL~u~u'lVl'l LVI~m~1~~~tl'V111Jtl1IilLn~ 
m1LL£Jn~'ltltlnIil1nnU Ltlu~1LVlIJ.!1.~\~1Ln~m1';j1J'1i1.u1J1L'lru~,:jmh'l'l~ (Lynn, 1996) 

, ., , 
lUVi 1.1 1"l'l1~L~£JVl1£J'1Itl,:jL~1I"ltlun1l11L~1~LVI~niuVi 1 '1Itl,:jtl11"l11 Imperial 

County Services (Bertero V. V., NISEE-EQIIS Image Database) 

lU~ 1.2 1"l'l1~L~£JVl1£J'1Itl,:jLNVim1J1fl1.uLVllJ.!m1nrLL~U~U'lVl'l San Fernando l.uU1971 

(Steinbrugge K. V., NISEE Database) 

m1~m~t1Vi~~n11~1.um1f1JLLNLL~u~u'lVl'l'1ltl,:jL~1 ,rnlil~1.ftlfim1'V1~~tl1JL~1111£J1.~ 

LLNn1~yj1LL1J1Jtj!)4'm' m1'V1~~tl1JL~1~~1U~1 L"llU Park et al. (1982), Priestely et al. (1987, 
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~" ......... l' Jt 
1994) LLfl:; Razvi & Saatcioglu (1999) LlJl.I~l.I ~:;~fJ"'mlVl"'~flUUJflmfl.:J1ULLN,"1l.1"D'N'fl.:J 

..... :... ........ ,.: ...... 
L~1fl"'fl.:J 20% LLfl:;~l.m~'l1 L~1l.1l.1Ln "'m1'lU~ ifll.;lflmlVl"'~flU L~fl1l.1~:;lJU1:;LU'l.IUJfl L~1 

,rl.lLtll.ILflN~fl.:J~~nflflnLLuutfftJLLNn1:;~1~1l.1i1.:J'fl.:Jfl.:J~fl1fl11 LLtJi1:;UULflN~~1.:Jfl1fl11 
• I ..I ~" .,j ... • ... ... ~. !~ l' 'I "... • 

U1~lJ1:;LJlVl L'1Il.I ~flN~11.:Jfl""'"1V1lJmLL'N1ULLNL'flfll.l L~1 U.J ~,"~nflflnLLUU ~~1ULLNn":;Vl1 

~1l.1~1nLL~l.I~l.IL~'l LLfl:;ij~u1~~inL~U.:Jfu~1~,rnU11fJntl.lLLl.I'l~.:JLYh,rl.l ~.:JwJ~1L~1L~~1~ 
" , 

~:;Ln"'fl'l1lJL~U~1U~1nLL~l.I~l.Il~'l LLtJich~1n~.:Jfl.:J~1lJ1""fuu1~,rnU11fJntl.lLLl.I'l~.:Jl~ n~fl 
.,j" .,j " " 

~1L~1V1L~U~1UL~~1;j ~.:Jfl.:J~1lJ11"~1~u1V1fuu1~,rn'fl.:Jfl1fl111~LLfl:;~.:JU,j~fl~1L~1,rl.lLn", 
" " mn~ (Sezen LLfl:; Moehle,2006) ~.:J,rl.lm1~m~n"~iin11lJm1~~'fl.:JL~1'N:;fuu1~,rn 

U11fJ n~.:J Ltll.Iifll.;lfl~iju1:; LU,l.I1l.1m 1U1:;Lijl.lfl'l1lJ ~1lJ11" t l.In11fu LL~l.I~l.I L ~'l'fl.:Jfl1 "'"1 

" L ~~1;jflth.:J~lJ L ~1'J~fl ~'lU 

L~1 "'fll.ln1~ L~llJ L ~fl n t l.IU1:;L VI filL VlU "''ll.lt l1cUL~L~flfln LLUU L ~fl1fl.:Jfu LL~l.I~l.Il ~'l 

~.:J,rl.l 11 U fl:; Lfiu '" n11L~llJ L ~fl n'fl.:J L~ 1~.:Jij "''l1lJ L~ U.:J tJifl n11~~ Lrlfl Ln '" LL~l.I~l.Il ~'l 
,,"ufl:;LfiuIM"1L~llJL~fln~t1l.1~l1utJiflm1fuLL~l.I~l.IL~'l'fl.:JL~"L~~"~;;fl m,.t.rL~flnUflflntl.l 
mlJ1NUflU (~"lJlJ"~1l"l.1n"1flflnLLUU 'l~VI 1007 -34) "";n'l''''1tJL~flm~llJ~1lJU1'l 

ulL'lNL"'l.IL~1 ~.:JLtll.I""'~~l.I"fl1~iin (Plastic hinge) ~.:J,rl.lL~fl,\.\i1t~"~iim·"lJtl.lm"fu 
, _ ~ .. _ 'I ... f ... ,.r _ ... ': 

LL~l.I"'l.I ~ 11'l 1,)lJ "~,, ~ ~n11lJ ~ l.I n111Ul.I111l.1ntl1'fJ n'fl~ L~1 L l1fl1l.1 ~1l.1,)~Ul.I"'lt>" "'~flU L~1 

... , .,j ~ ... .,j... 'I'" .1 ;. 
~,)flU1.:JVI LlJl.I~'lLL VI l.I, fl.:J L~1V1lJ "''l1lJ~~ ~l.I1:;"'UlJ1l.1nfl1.:J 4 - 7 "Dl.I ~1n~ 'If'1'''l'fl.:J 

Suesuttajit tl.lil 2007 

...,. '1.1'.... ... .,j , . ,: 
L~1~,)flU1.:J~:;Vl1n11V1"'~flun1U~,"LL1.:Jn1:;Vl1LLUU')n"'ln1L~1V1~:;l.I1lJ1V1'"~flUl.I~t 

PI .10 04111 1 ... ..... ... ..J.... • r., 
LlJl.IL~1V1~1flfl.:Jtul1.:J, 'l.I1'" LLfl:;l1Ufl:;LflU"'L~flnL~"lJlJ1~1nL~1~N L'1Il.IlJm~1flfl.:Jl.I1~l.In 

~ 

u11fJn~1.:J n11~1flfl.:J11Ufl:;Lfiu "'n1"L~llJ L l1fl nUflfln ~1lJlJ1 ~1l"l.11~VI. 1007-34 LLfl:; 

lJ"~13"l.1 ACI317 -05 (Suesuttajit, C., 2007) l.Ifln"nn,rl.l ~~ijn11V1"'~fl'UL~1~ijn11tJiflVl1U 
" L~flnL~llJulL,)NL"'l.IL~1 ~flmlVl"'~flU~:;~1t~Li1t~~.:J"~iin11lJ'fl.:JL~1L~~1;jtl.lm1fuLLN 

• ...... ..t': ..... , .............,j 
n,.:;Vl1 LLUU'ln"'ln1 "''l1lJ¥'flJ''l.Ifi1:;~'l1.:J LLN LLfl:;1:;U:;L"'flfll.l~'l 1'llJ ".:J 1:;U :;L"'flfll.l~'l~.:J ~ "'VI 

... f... 'II" 'Itl ... ::. ..... 'I .,j ... 
L~1~1lJ11""Ul.I1~l.InU11fJn ~,"~fl ~ "'.:Jl.Il.Im1~11:;u:;n11L"'flfll.l~'l~.:J~ '" ~ l.I'N:;VI L~1U.:J "'~ 

fi1'l1lJ~1lJ11" t l.Im 1fu~1~,rnU11fJ n L~ ~.:J Ltll.Iifll.;lfl~ij fi1'l1lJ~1 Ltll.I t l.Imm NJl.I1 LLUU~1flfl.:J 
L ~fltl":;Lijl.lfi1'l1lJ~1lJ1 ,."'fl.:J L~1 t l.In11fu LL~l.I~l.Il ~'l l.Ifln~ 1 n,rl.lLLUU~1 flfl.:J ~.:Jn~1'l ~.:J 
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i\'l2.J'l1ml'l 'It.ltl1~~n tJi\.-n. un '1 1flfl n LLUU Li\'l t 1lii fiI'l'l2.J i\ 'l2.J '1 1Cl t un'l1fu~'l~Unu11'VJ n L~fl Ln ~ 
fiI'l'l2.J L~t1~'ltllil'ln LL~U~U1. ~'l LLfl~~.:Ji\'l2.J'l1ml'l t -n. Un'l1tl1~LijUfiI'l'l2.Ji\'l2.J'l1Cl'llfl.:J Li\'l filflun'1~ 

tUn'l1fuLL~U~U1.~'l L"'t1t.r~trnn'l1'11fl.:Jn'l1LfiI~flULK'l (Displacement-based principle) tu 

flU'lfil~1.liiin ~'ltl 

1. ~n~'nq ~n112.JIl'ltl tlllLLNn1~Yi'l LLuul'n~n1'llfl.:J Li\'l filflun'1~ Li\'h! L~~n~flfln LLUU 

L"'t1t;L~~ntlflfln~'l2.J 2.J'l~1l'lU E.I.T-1007-34 LLfl~ 2.J'l~1l'lU AC1318-05 

2. ~n~~fl'llfl.:Jn'l1lJ1fl'VI'lUL~~nLi\'i2.JlJ1fl'nq~n112.JIl'ltltlllLLNn1~Yi'lLLuul'n~n1'llfl.:JLi\'l 
... .....J 

filflUmlJlLi\12.J'VIflflnLLUUlJI'l2.J2.J'llJl1l'lU AC1318-05 

3. ~n~'nq~n112.Jn'ln~Il'ltltlll~'l~unu11'VJn'llfl.:JLi\'lfilflun'1lJ1Li\'h!L~~n~iJfiI'l'l2.J 
miltl'l~ '1 ri ",i.:J~iJ n'l1lJ1fl'VI'lutlfl'l tI LLfl~ U,jiJ n'l1lJ1fl'VI'lUtlfl'ltl L ~~ n Li\'i2.J lJI'l2.J LL U'ltl'l 'l 

., 
~'lU'lU 3 IIIu LVi'lUU 

., ., ..J 
3. n'l1'Vl ~i\tlULi\'l filflun'1lJ1Li\'i2.J L~~n t ufilf.:Jil1."'n'l~u~ LK'lLLtl1fi1'lU fl2.J'VIii~fllJ1tln'ltrd'.J 

., ., 
tl'l~un Li\'lIK.:J lJ1tl1.tlil 

n . ihtr.:Jn'ltr.:JfuLLNfl"'tl1~trtl'lltl.:Jfilflun'1lJ1ltl'VINn1~Ufln~fl'l~ 281'uii 

fihtl1~2.J'lCU 210 nn.l'l2.J.
2 

'II. t1l1~lKuLLNfl~lJI'l2.JLLU'lLLnU (axial load levels) iJfii'l 0.2fc'~ iJfii'lfil.:J~Li\2.Jfl 
... .J. ....... ..t..J" ......... , , ... 

fiI . tllJl1'l"''lUL~flnLi\12.JlJI'l2.JtI'l'lnu'nu'VI~U'llJlI'ILi\'lfiltlUn1lJ1 2.JfiI'l L'VI'lnU a.14% 
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. cr.. .J., II a ., II.... . a .. 
'I . 1:;t1:;"'1'1'tl'lL"'flmM~IJl'nJ''l'N'Vl ~'L"'fln RB9 b"'~1:;t1:;"'1'1'tl'lL"'flm~1~ 

lJl1~''l1'1 LYI1fi'U 0.30 ~. 
I a.. ..;.,,, a fill 11411 I cr .. 

"'I. 1:;t1:;"'1'1'tl'lL"'flm~1~lJl1~''l1'1'Vl b"llL,..fln RB6 ~"'~1:;t1:;"'1'1'tl'lL"'flm~1~ 

lJl1~''l1'1 LYI1fi'U 0.25 ~. 

4. ~1,..ruL,..~m~1~lJl1~''l1'1~'''I11ru1'''11m.J1~1ru~1fl~lJl1~;'tlri1'''U~'tl'l ACI 
, 

.. ~ 0 " 0 (American Concrete Institute) LLfl:;lJ1~1rulJl1~~lJl1~'tlm,..u~ E.I.T-1 007-34 • 

_. 0... ....., 
1.4 'lfin1'I'I1LUU-II1U'l'UI 

~ ~ ~ 

'11uiJ4't1umfim1L um 1~1 Lilum1lJl1~fulJltlUlJltl 'l.uu 

~" ... .,..1,.. ...,..1..1 ., 
1. I"1m~t1'tllJfl LLfl:;'11U'l"'ltl'Vl ~1U~1 L ~tl'VlU'Vl'lU'I1U'l"'ltl'Vl Lntl'lnUn11'Vl ~~tlU L~1 

1l1t1LiJfLLNn1dh'Vl1'1tJhu;'1'1LLuu1'iJ4'n1 LLUU~1fltl'l~~~n11~'tl'l"'tlun1lJl~hJijm1Ltluf~ 
.J... 4i' ...., I cr....; fill II 

LLfl:;'Vl~m1~tlU1~ "'flnm1m1lJltl'Vl1UL"'flm~1~'Vl"'l:; b"ll 

2. LlJl1t1~~'ltlth'lL~1"'tlun1lJlL~1~m~n ~1U'lU 3 ~'ltlth'l L~t1~'ltlth'l 3 ~'ltlth'l ij 

m1LmtlU L V1t1U L~1~ij m1lJ1tl'Vl1U LLfl:;'l.aJij m1lJ1tl'Vl1U L"'~ n L~l~L UlJl1~t11'l m~1ru'tl'l L"'~ n 
~ , , 

Ufltln L~t1ilm1u'l~u~1,..trnu11YJnLuLLU'l~'1"''1V1 

3. v'hm1'Vl~~tlUL~1"'tlun1lJlL~1~L,..~nL~t1m1L~LLNn1:;vi1LLuu1'iJ4'nn'l1'1~1U;'1'1 
"I " ., ..I.. ~ ..I~ l' 

LLfl:; b"'LLNtl~lJl1~LLU'lLLnU"''1'Vl LLfl:;LnU'tl~fl'Vl ~f1I"'I1nm1'Vl~t\tlU 
" 

o _ ,...I~ " 
4. 'Vl1m1'lL"'11:;"'~fl'Vl b~"'I1nm1'Vl~t\tlU 

5·t\tu~fln11~n~iJ4't1 

6. L;ltluiJ'Vltl1il~ufi 



... 
tJ'rI'rI 2 

~ I...... .....J..J " .... _ ... ~ I ...... 

1 utJ\'lU"I~n~')')Cl~VI~ nm~LL~~\'l ~~!l\'l LmJ,)"JJ~~ ntJ~,)u,)"Itlu Ll1'ItI"I~n~')')Cl~ VI~n m~ 
... J' ..J..J".... "'" I .- ., __ ... 

LL~~ \'l ~~!l~uS')U\'l Lntl,)"JJ~~ntJ LI"lN~~,)~ l'l')U\'l')ULLN LLeJUI1'IU ~VI,) ~ ~ I'lnTnJ"JJ~~ L~,) I"l~UnTl'l 

L~1~ L VI~ nJl'1t11tlf LLN n~~vi') LLtJtJrl!l4'nT ;l11'I~,) ri 11'I~~t1~LI"l~~U~,)~~Il')')~m~',)~ ~')t1~,)VI,rn 

.., .. ~.a.a '" .., t '" '" , ... 'I 
2.1 "tlnn1'lLLtl~YI"Vn'WU.!1UYlLn!J1'!1"i1~mJ A'l~"'l1UI1UYl1ULL'l~LLe.lU"U ,,"1 

~.!' ' ... ., ... J'..J..J SI ., 
Paulay LL~~ Priestley (1992) ~l1In~,),)Cl~VI~nn,)~LL~~\'l~~!l~U~,)U\'lLntl,)"JJ~~ntJ 

LI"l N ~ 1,)~ tlf')U\'l ')ULLN LLtJU~U1. VI') Ll1'ItI~,)VlTtJ~') I"l,) ~~~ 1 U\'l,)~',j fiI')nn~ LI"lN~ 1,)~ ij1.~ij n')~ 
OJ 

n')Vlul1'I 1 ~-n 11'1 L"IU~ ')"1 ~tlf~~ij I"l')')~ ~~Vl1~~,)u,)u~u~th~,J~t1 Lyh 111'1 VI') n UIJ1V1~')t1 ~~~') f'l') ~~ij 

I"l,),)~~~ Lfltl~~~~~~tJVI;l~"IunT~i~ij eJ~.yh 1 ~LLNn~~.yh ~')u,')~~') I"l')~ (lateral load) Li1~~"I,) n 

LLN~~Vl1t1 LLN LLtJU~U1. VI') ijtJ\'ltJ')\'l~ ~ ') ~ 'U lJ1t1m ~~~ n LLtJtJ Lf'lN~ 1,)~~,) I"l,)~ ~~"I ~tlft1~ijm~ 

1'l~,)"1 ~~tJ f'1') ~~t1~n')~ Lri~ ~,)"JJ~~ LI"lN~ h~ f'1,)VlU,) tI LLN 1 U~~ ~~') I"l,)~ LL~~f'l')')~,rUI"l~"JJ~~ 

LI"lN~1,)~ L i1~~"I,) n LLN n ~~vi') ~')U'')~ Ll1'ItI"I ~ij eJ~ 1J1t1"JJU,) 11'I"JJ~~~~ film I"l,)~ ~')t1~ ~L ~t1l1'1m~L~1~ 
SI 

L VI~ n 1 UI"l,)ULL~~ L~,) I'l~~ l1'I"IU~~ n')~~t1mLtJtJ~')unn~n ~')t1 ~~,ru ~~I1i~~ijn')~~"I,)~ru') 
0-

~\'lfi~~"JJt1~ LLN n~~vi') ~')u,')~ L VI fh il1 um~~~n LLtJtJm I"l,)~ 

2.1.1 "M~LU" (Stiffness) 

~ SI..J., 0 , .. '1 SI SI 0 .. ..J .. J' 
~I"lN~ n~\'l~tJ LLN n~~\'l,)"I,) n LLeJUI1'IU ~ VI') ~~t1n LLtJtJ"I ~1'lt1~ ~,)~,)~ClI"l')U,) rum~LI"l~t1U\'l Ln I1'I"JJU 

"JJ~~ LI"lN~ h~Il,)t1 Hi' LLN n~~.yh 1.~t1th~ ~ n tlf~~ Ll1'ItI L~~')~~th~~~ 1 U LI"lN~1')~tJ')~tl~~LIl\'l~ 

n') ~ 1 -n~ ,)U"JJt1~ LI"l N ~ 1,)~ ~ n n ,)VlUI1'I Ll1'ItI n ') ~ LI"l~~U ~Vl1t1 n') ~ Lri~ ~,)"JJ~~ LftN ~ 1')~t!U~ ,)VlTtJ 

LI"l N~ 1,)~~ TtJ LLN n ~~vi')"1 ') n utJ U~U 1. VI') ~t1t1 n LLtJtJ tlft1~ ~,)~,)1Cl ~')u') rum ~Lf'l~~U~\'l ')~ ~')u 
SI 'lSI 0 , .. ~.. .....I..!' SI J'SI ~_! 
"JJ,)~"JJ~~m l"l,)rIl')t1 LI'l LLN n~~\'l,)"I') nLLeJUI1'IU ~ VI') 'D~ m1n,)1LI"l~~U\'l\'l ')~ I1I,)U"JJ,)~UI'l~~ ~~') n"lu 
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., I 

vl'1 'l,x Ln (;I fil'l'1)J L~tl~'1tl (;jfl~lbtJ~h~1 'fl~fl'1 fil'11li~Vl LUtJ~'ltJ'fl~ LfilN~ ~'1~ LL~:;i.~'l' ~'ltJ'fl~ 

LfilN~~'1~ 

2.1.2 fhr~'!I'!l~t"'~"'71~ (Strength) 

m 1flfl n LLUU Lfil N ~ ~'1~ fu~ '1wwnu 11YJ n~'l i.1.1~1fl UN~)J L(;Itl~'l 1.1.1 ~ flfl n LLUU IA'fl~ 
~ s- 'I s-... 0 .,... ...; '" ...;.. .r 1. s- oJ 1. s- I 

flflnLLUU ~filN~1'1~ ~~)Jm~~ L'Vitl~'ViflVl":;1ULLN~~~(;IVlfl'1" Ln (;I'!ItJ (;I(;\~fl(;lll'l~m1 'iI~'1tJ LL(;\ " . 
m1flfl n LLUU LfilN~~~ L ~fllA''1tJVI'1tJLLN n 1:;vl '1" '1 n LL~tJ~tJ 1. ~'l ~flfln LLUU" :;lA'fl~~"'11ru'1 LUtJ 2 

n1ru i.~ LLri n1ru~ LL~tJ~tJi. ~'liJ'!ItJ'1 (;I L~ n~~fl'1" Ln (;I~tJi.~~~'1tlfilf~ 1. tJ''l~fl'1!Jm1'l '~'1tJ ~1fl 
I ., 

n 1ruVlLfilN~ ~'1-:J IA'fl-:J i.~ Ln ~ fil'l '1)J L~ tl~'1tl L~tl1:;~~'1-:J LL~tJ~tJ 1. ~'l LfilN~ ~'1-:Jt!tJlA'fl-:JiJ n'1 i-:J L Y4tl-:J 

'Vifl~":;fu LLN~ Ln (;I1:;~~'1~ LL~tJ~tJ 1. ~'l 1. tJ''l-:J~~'1 ~ ~ n L(;Itl i.~ Ln (;I fil'l'1)J L~tl~'1tl~tJfiu LfilN ~~'1~ 
LL(;j'l tJn 1ru~ LL~tJ~tJi. ~'liJ,tJ '1 (;I 1. ~ qj n '11flfl n uuu'l,x n'1i~'fl-:J LfilN~~'1-:J)J'1 n"tJ~'1)J'11t1 
lA''1tJVI'1tJLLNm:;vl'1'''1nLL~tJ~tJi. ~'l'!ltJ'1 (;I 1. ~qj~-:JtJ'1tJ1 ":;Ln (;I~tJ L(;Itli.~ Ln (;Ifil'l'1)J L~tl~'1tl L~tl,rtJ 

II I I I 

tlfl)J~ LUtJm11.11:;~U (;I ~-:Jt!tJ LYlfl~~n L~tl-:Jm1~-:JVI~'1tl'fl~ LfilN~~~ Lijflil LL~tJ~tJi. ~'l'!ltJ'1tJ 

1. ~qj ~'1 LUtJlA'fl-:Jfl'1 ~tl LVI fililfil m1flfln LLUU'l mfilN~~'1~iJ fil'l'1)J L ~iltl'l L Y4tl~'Vifl~":;VltJVI'1tJm1 

Lfil~fltJ~VI'1-:J ~'1tJ;r'1-:J L(;Itl~ Ln (;Im1~-:JVI~'1tl 

... ... .,., . 
2.1.3 'lZ!I:::n1n".'!lUVlVl1~~1U'!l1~ (Lateral Deflection) 

0... ...;... .....1 ... 0 s- s- s- ...; 
~'1~1U L~'1V1)J~n~ru:;LLUU fil'1tJtltJ (Cantilever column) 'iI-:J~nn1:;VI'1(;1'lmLN (;1'1 tJ'!I '1-:JVI 

1.1~'1 tl~~ 1:;,rtJ 1:;tl:;m 1Lfil~fltJ~VI'1~ ~'1tJ;r'1-:J,rtJ":; LUtJ~~)J'1"'1 n 3 ~'ltJ tltJi.~ uri UN ~ (;I 
(flexure) m1~tJ~~(;I (bond slip) 1:;~~'1-:JL~~nEitJ'ltJl'1tJ1'1nnUfilfltJn1(JJffiU1U~:; LLNL~fltJ 

I I I I ... ~-!... 1. .......... 1 ... i.s-~ 
(shear) LL~:;L)JfllJ..l)Jm1~~tJ tJ3'1tJ1'1n~)Jm1'Dfl-:J1:;tl:;m1Lfil~fltJVlVll.l~'1m~'1'"l:;L'tltJ (;ILutJ 

., 
d, = m1L~tlt1.11'l)Jli~~)J(;I 

d f = m1L~tlt1.1Lrtfl-:J"'1nLLN~(;I 
d s = m1L~tlt1.1Lrtfl-:J'"l'1nm1~tJ~~(;I (bond slip) 

d Sh = n'11L~tlt1.1Lrtfl-:J'"l'1mLNL~fltJ 

(2.1 ) 
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t ' ... "" 2.1.4 n" n~LUfl~~'nLL'~"" 
I I "I I 

~ .... " .-::II ... "" .... ,!II 4 ...... 
L(;Itl~~ n LL~'l n11L~~flt.lVlVl1~ (;I1t.1'!11~'!Ifl~ L~ 1t.1t.1" ::Lut.l~ ~ L t.lfl~lJ1"1 n LLN (;I (;I 'lI~ L~1":: 

Ln (;I, (;I~~t.I'Yi~1 ~ ~n;t.I~tJ1L'l ru~,j1 ~ (;I~ n ~ IJ1 ~ 1~ftJ L~1~~iilUi1~~ Lyh rit.l(;l~fl (;I 1'l'l1lJtJ1'l, (;I 

... ... J' .J~ ~. 1..1 ~ I .. ., 

~~t.I'Yi~1~lJ1n"::Ln(;l'!lt.lVl Lfi)t.lL~1 L(;ItlluVl 2.1 LL~(;I~n11Ln~Lt.lfl~"1n~~'!Ifl~LLN(;I(;I 

~y = 1::tl::n11Lri~~'(;I~11m;lfl~"1mLN~(;IU1::~V1fi~~ 
(effective flexural yield) '!Ifl~~,j1~(;I~n~1J1 

~ I .. ., .. .. 

~p = 1::tl::n11Ln~Lt.lfl~"1nn11~~t.I'!Ifl~'lIJ1QLL'!I~LnN 

(rigid body rotation) V1'(;I~~t.I'Yi~1~~n 

Mu -T-
I 
'I 

I 
I 
I 
I 
I 

Curvature 
)!fQlo' '10' (n) fl11lJC11J'rf\J'li'l'::111H 1Jl1J\J~ 

tlUtilfl111J M~ 

I I I 

(0.2) 

.. ~ 4 ... c;'... ...... .." I 4i''' 
L~1tlt.l L(;ItlVl Mer LL~::9'cr I'lflUJLlJt.lIJ1V1Ln(;ln11LLlJ1n11'l (cracking moment) LL~::fil1fil'l1lJLfil~ 

I ., 

(curvature) IJ11lJ~1 ~tJ LL~::"1nluVl 2.2 ~1lJ11Cl~11::tl::n11Lri~ ~'lVl1~~1t.1;1~( ~y ) Ut.l 

~1lJ11Cl~1't~"1n~lJn11~ 2.3 LL~::~lJn11~ 2.4 

(2.3) 



(aJ (b) (c) Yield (d) Cvrvafure (eJEqviva/ent (fJDefledions 
Moments curvatvres of max. curvatures 

response 

lU~ 2.2 (a) L~,)~'W (b) umJ'Wt;] (c) fil,)fiI'l,)'-IL~-.1~'f;lfil1')n (d) fil,)fiI'l,)'-ILA'-.1~-.1qf;l 

(e) fil,)fiI'l,)'-ILA'-.1~~'-I(;J~ (f) m1L~tJlU Lf;ltJ Paulay LL~:: Priestley (1992) 

9 

(2.4) 

..J"; ...... J'.J "..,... .. . ..J 
ronnlUYl 2 .2 L'-Jfl'f;l""~'WVi~,)~ [;1mn f;l'1l'WYl,...'W') [;1f;l'l n'l[;1'11fl-.1 L~')tJ'W 1::tJ::m1 Ln-.1YlU~')tJ 

L~,)foiI::ij fil') L~'-I~'WL;jfl-.1foi1')nm1""~'W'1Ifl-.1.r [;1~ LL;-.1 Ln1-.1 (rigid body rotation) ~-.1~,)'-I,)1C1"",) 'llA'foiI') n 

.... ,. .. ~ .." . ..J.... .. .. I ..J 
fiI'l ')'-1 i'-l Vi 'WfiYl ')-.1 L1'11,) fiI CU[;1'1-.1 ~'-I '-I [;1 L,..., f;l""~'WflFJYl n-.1 n ~')-.1'11fl-.11::tJ::Vi ~')~ [;1 n'l-.11::tJ::n ')1 Ln-.1Yl 

- ., G' " 'lSl..J..J 
Lnf;lfoil')nm1""~'W'1Ifl-.1'l[;1~LL'1I-.1LnN (rigid body rotation) foil::,...') f;lfoil')n~'-Im1Yl 2.5 LLfl::~'-Im1Yl 

2.6 

L1 =B (/_lp)=(tA -¢)I (/_lp) 
p p 2 m Y P 2 

'i' ..J "" 0 'i'''..J " ., ~f;ltJYl 'Pm = fiI')fiI'l,)'-I LfiI-.1'-1')nYlqf;l'1lfl-.1""'W')[;1f;lL~,) 

¢p = fil,)fiI'l,)'-IL~-.1~'f;l""~'WVifl')~~n 
¢y = fil,)fiI'l,)'-IL~-.1~'f;lfil1')n'1lfl-.1""U,)~f;lL~,) 

(equivalent plastic hinge length) 

1 = fiI'l,)'-I~-.1'11fl-.1L~,) 

(2.5) 

(2.6) 
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.,1mU.Jmn12.5 LL~:;~~.m11~ 2.6 ":;ViU~1rl11:;tJ:;LYimJL'Vl1'Dtl-:J'(;l'U~UVi~1~~n( I p)iJ 

I .. .J lot" ~ J''' .... ,J... o....J I 11 "" t.I~ j;]tl1:;tJ:;n11LPl~tlU"''''1-:J (;l1U'D1-:J'Dtl-:J L~1 L Vi~'DU 'D-:J LUUIJI'l m.h.,,~ Pl'l1~~1 Pl'kJ ." t.l1U ~(;l~ 

" m1~n~LL~:;L~Utl~~m1Pl'l1~i~~ufi~-:Jnfh'l H~-:Jj;]tl1.tJil 

" ~~m1il1.~"1nm11'(;l1:;tJ:;"1nm1Vl(;l~tlUL~1fl1tJ1~LLNn1:;vhLLuu1'!J4'n1Vl1-:J~1U;;1-:J 

L(;ltJ~ lp = 1:;tJ:;'(;l~~UVi~1~~n 
L = Pl'l1~tJ1'l'Dtl-:JL~1 

db = 'DU1(;lL~U~1U~UUn~1-:J'Dtl-:JL~~nj;]1~tJ1'l 

,(;lPl11n (yield strength) 'Dtl-:JL~~nuu 

I = 1:;tJ:;"(;l~~UVi~1~~n p •• 

L = Pl'l1~tJ1'l'Dtl-:JL~1 
db = 'DU1(;lL~U~1U~uun~1-:J'Dtl-:JL~~nIJl1~tJ1'l 
/y = ri1i-:J~'(;lPl11n (yield strength) 'Dtl-:JL~~nuu 

(2.7) 

(2.8) 

L(;ltJ~'lhj 1:;tJ:;'(;l~~UVi~1~~n (plastic hinge length, lp) ~1~fULPlN~11-:JL~1"1n 
~~m1~ 2.8 t.I~iVifi~1.~iJrl11h:;~1ru ~~m~ 2.9 ~-:Jfii11:;tJ:;"(;l~~UVi~1~~n1u~~m1~ 2.9 • • 
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(2.9) 

(2.10) 

L M er 
uneraek = F (2.11 ) 

F 

b 

D 

f 

(2.12) 

.. - II' ... = 1"l'J'1lJflnqYlfi"1l'll..:!'\.n.nrJH~L~'1, lJlJ. 

= ilJU1:;~Ylt~'1~ftJm1M:;~'1tJ'W~~'1 L~lJ'll 
'1I'll-:!LLNL~'lltl~'1n~lJ~~l'1t1ij~h 1.2 ~'1~ftJ~U'1~C;!~L~~tJlJ 

= UJ~i~I"l'J'1lJuc;!~~tI'1I'll-:!I"l'lltln11J1 
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2.1.6 fl'l1a.1L\tU!I'l (Ductility) 

fl'l'uJmiltl'l (Ductility) 'Dtl\lLflN~1,)\I lUJ"ltln\l fl'l,)2J~,)2J,)~C1'lt!m~L~tlltJL"lltl m~ 

U~ m~~~ ~ffim1~11 L~tI~J\lfl\lfm~t')ri')i\l"ht!l'l')t!~'ltl'l~'kl (L"lltl 80 % 'Dtl\lri')i\l~htll'l')tI 
... 

~\I~~'Dtl.:);t!~'ltl) ltJ1.~ L~~'),,:;jm~L~tI~tJL~tI"ll'l\l~~')~~nltJLLi\''l 
" • OJ 

<i" '" 0 ~ '" • ~..J.J.-.r I I AI 

~flN ~ 1'1,:)" ') L ut! (;1 tl.:) ~ ,)2J ') 1C1l'lt!l'l ')t!(;1tl n ') ~Lfl ~tltll'll'l": Ln ~'D t!tltl ').:) 2J ') n 1:~'l ')\1 Ln ~ 

LLeJt!~t!l ~'l L~tI~ n ') i\lfu LLN hJ~ ~ ~':)2J,) mrn L ~tlU~1L l'l,) fl'l,)2J L~tI~')tI~tl')"": Ln ~~t!LL~:L ~tl 
I I "I I 

L ~2J fl'l,)2JlTt! 'l,,~') LflN~1,)\I,rt!;j fl'l,)2J~,)2J,)1C1Vi,,:fu LLN n~:vhl'l,)':) ~,)tI;r').:)Vi Ln ~ LLeJt!~t!l ~'l1~ 

"') n L ~ lJJ ~':)nfh'l vh 'l ~~tltln LLUU LflN ~ 1')\1 fu LLN n ~:vi')~ Ln ~"') n LLN LLeJt!~t!1 ~'l4') LilwJftl\I 

~,,')~ru') n\l flru~2JU;l'l,)\I ~')t!fl'l,)2J L ~ilmi'l2J ~'ltl 'l t!m~tltl n LLUU • 
fl') fl'l ') 2J L ~iltl 'l'Dtl\l LflN ~ 1'1\1 ~ ') 2J,)~C1 ~ ')t!'l ruL mtlu L Vitlu nt! L~tI 'l;r fl')t1 (;1 1'1 ~'lt!fl'l ') 2J 

L~ilm (Ductility factor, J.l) ~\I~2Jm~~ 2.13 

~ ~tl m~L~tlltJ'Dtl,:)LflN~1,)':)~~,)LL~ti.:)~rt\lJl,)tI~i\lm~fl1')n (Yielding) 

~y ~tl m~L~tlltJ'Dtl':)LflN~h\l ru '~~2JI1ft!~Ln~m~fl1'1n (Yielding) 

(2.13) 

~\ln')n~tlltJ (~) t1')",,:tl~'lt!ltJ'Dtl':)fl')n')nfl~tlt!~ (Displacement) l'i,)fl'l,)2JL~':) 

(Curvature) fOhm1~2Jt! (Rotation) ~1tl fl,)fl'l,)2JLfl1t1~ (Strain) nl~ L~tli'lltJLLi\''l":~t!'l,,I'i') • , ... 
t1(;1~,)fbtlfl'l,)2JL~ilm ru ,~ViLn~m~~u~,rt!~tl 

(2.14) 

..J ., ., ...; ..J~ ., 
"')n~2Jm~l'l 2.14 'It!m~tltlmLUULflN~~').:)'l~~,)2J,)~C1l'ltll'l,)tlm~Lfl~tlt!l'l ~~ ~u L~tI 

hJ Ln ~m~~Ui lhtltln LLUU'l mflN~1').:)tl~'l t!~Jl,)'l:~~,)~ ~ n (;1~tl ~,,:l1ftl.:)tltln LLUU'l ~fULLN 

n~:vh 1~ Lilt! J.l L'V1'1'Dtl.:) LflN~ 1').:)~;j 1'i,)t1lJ11'1~'lt!fl'l,)2J L ~iltl'l L'V1'1 nu J.l ":L~t!l~~')n')~ 

tltln LLUULflN~1,)':)'l ~tl~~Jl')fj~~')~ ~n lJ1~tl ~ L~tlhJtl') flitltJ~:LtI'l!,r'Dtl\l f'l') fl'l,)2J L ~iltl'l'Dtl.:) 
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" " Lf"lN~11~ L£H,I,r\.l 'fl1" LtI\.In11~\.ILU~'fl~~.J1 nLn\.lLtJ Lv.11:; "(;l~~'\uJ1u1 \.In11'fl'flnLLUU 

Lf"lN~11~U1~U1:;LfIYl,r\.l ~'fl~n11LYlmi1'fl~ri\.l'W1..xLn(;ln11~'VL~u~1JI1\.1n1nl~Ln(;lLLeJ\.I~\.It~'l 
1 ,,::. .. 1"'" ~ "' ~ "... 1" "1I\.I1(;l ~'VLYl1\.1\.1 (survival limit state ) 'D~U'fl2.J ~Ln(;lf"l'l12.JL~U~1UnU~f"lN~11~~1'flU'fl2.J ~ 

Lf"lN ~ 11~~ 1'flu'fl2.J 1 mf"l N ~ 11~ L;{ 1 ~'i'l~ii\.liifl1 ~ ~ n t~ LLtJ1~ 1~fu Lf"l N ~ 11~U1~U1:;LfIYl~ ii 

f"l'l12.J ~ 1 ~ 'V ~~ LL~:;ii f"l'l12.J~ 1 LtI\.I~,,:;l ;{~1\.1'fl~ LLlJ~ 1":; Ln (;l LLeJ\.I~\.I t ~'l"1l\.l1 (;l1 ~ '\if\.l L'\.I 
, " 

L1~~tI1U1fl ~ mil1Cl t ~ L;'fl\.l Lf"lN~11~ L ~fhil~1 LtI\.I~'fl~'fl'fln LLuu1..x'fl~1 \.I~Jl1~iifl1~~n 

L ~'fl1 mf"lN ~ 11~ hi Ln (;l f"l'l12.J L~ U~1U U~ fl~ ~Jl1~ n11 H'~ 1\.1t~li\.lYlJl1U~~~ Ln (;l LLeJ\.I~\.It ~'l 

"1I\.I1(;l1~'\i 

, c¥ ... 

2.1.7 n1''''iI'YI1tJL'\4tlnL1IUI 

LLN~~~ eJ1\.11:;~~1~ ~'l\.l~ tJ1'flYl1U"1I'fl~ L ~~ n L~l2.J ~'fl~,r\.ll"~1ii f"l'l12.J~~1 L~2.J'fl LLfl:; 

~12.J11mhuLLNt~lJIfl'fl(;l1:;U:;n11tJ1'flYl1U L(;lut2Jihj'V~11\.1L1'fl~"1I'fl~n11~(;lL~tiU'l1:;~~1~L~~n 

L~12.Jriuf"l'fl\.ln11J1(Bond) 1:;U:;n11tJ1'flYl1U (Is ) ~l;{ri\.l..r'ltuLL~(;l~l\.1lU~ 2.3 ~~Pauley LLfl:; 

Priestley, 1992 t~~1ij.J\.I1'fl'flmLuuri1~~n11tJ1'flYl1UL~'flfULLN~~ L(;lU~12.J11Cl~1\.1'lru1:;U:;n11 
'" 

tJ1'flYl1U (ld) t~"1n~2.Jn11~1\.1;{1~il 

1.3841;, 
Idb = [7 

cVh 
(MPa) 

, 
" • I'" C = 1:;U:;Yl1~\.I'flU~(;l LL~(;l~1JI12.JluYl 2.3 

= 3 Lvh "1I'fl~L~\.IeJ1\.1~\.I6nfl1~L~~m~12.J, db 
, 

d .. "...-.GiI"" CIt .... = 1:;U:;Cl~" (;l ~\.IUnfl1~'lJ'fl~ L ~fl n LM2.J" 1 n ~'l f"l'fl\.ln1IJ1Yl (;l1\.1L(;ltl'l n\.l 
• OJ 

= 1:;U :;f"l1~~;l~ 1:;~~1~" (;l ~\.I6 nfl1~"1I'fl~ L~~ n L~l2.J~'fl~ ~1\.1L~tI'lri\.l 
m -db -

%. • 1 ~,.(. I"' " ..... , 
~2.Ju1:;~Ylfiu1ULLn 'D~2.Jfl1 1.3 

(2.15) 

(2.16) 
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(0) 

(bJ 
(dJ 

. ~:. ~ICO~ spli tting IOTC.S . . db 

(e) lI~ttI hlf" QJI 
-~s 

l,j~ 2.3 m111l~V11uL~~m~1~(Paulay LL~~ Priestley ,1992) 

Lf;1u'h..!~11J1131U'!l~.:J ACI 318-05 m111l~L~~n;r~t1~tJfuLLNtlf;1 fil'l1~tJ1'l'!l~.:Jm111l~ 

V11U1ULLNtlf;1 tJl~.:Jilf'i1L'Vhriu OJ)()71;,db (0.0711;,db )~1~1U f y hJLnu 4,000 nn./'11~ .2 

(420 MPa) ~1~ilf'i1L'Vhriu (0.0131;, -24) db ~1~1U 1;, Lnun~1 4,000 nn./'11~ .2 (420 

MPa) LLl1lfilf.:J~tJl~'1hJ,J~tJn~1 300 ~~. '1.~L~~1~tJ~V11ut)n~;l'l'1.u~1~~1~1U h ,J~tJn~1 
21 0 nn./'11~. 2 (21 MPa) 

... r ~-!... 2 
~~ J y ~Lnu 4,000 nn.I'lI~ . (2.17) 

Lf;1tJIJI1~~11J1131U'!l~'1 ACI 318-05 LL~~ E.I.T.1 007 -34LrA'n~1'l~'1fii11~tJ~\h.:J1~~~1'1 

L~~m~1~1JI1~'!I'l1'1 (s) '1.uu1L'lru~L~Lnf;1LL~U~UL~'l~1~Lnf;1LL~U~UL~'l,J~tJ'1.~~"'I11ru1fh 
0-

1~tJ~~1'1,J~tJvi~ f;1~'1 ~'1I1l~ L,jil • 



, , 
II _ CIiI " .., 

(;I1tlVlLLl'ltJVl~(;I'!I'fl\l~tl1lJ1(;1L~1 

,Jf'fl\l'Wtnn~1 16 L'Vl1'!1'fl\lL~tltJ1tl~tl6n~1\1L~~ntjtl 

,Jf'fl\l'W2J1n~1 48 L'Vl1'!1'fl\lL~tltJ1tl~tl6n~1\1L~~mJ~'fln 

2J1lJ11~1tl'!l'fl\l E.I.T.1007-34 'ttJfmh)~1 

L~~ntltlVJm~tl,Jf'fl\lih~~mJ~'flm~tltJ1tl~tl6n~1\1 'WU'fltJn~1 6 2J2J. 

, , 
1I.q Q 110' 

(;I1tlVl LLl'ltJVl~ (;I'!I'fl\l~tl1lJ1 (;I L~1 

,Jf'fl\lhj2J1n~1 16 L'Vl1'!1'fl\lL~tltJ1tl~tl6n~1\1L~~ntltl 

,Jf'fl\lhb,J1n~1 48 L'Vl1'!1'fl\lL~tltJ1tl~tl6n~1\1L~~mJ~'fln 

[
A ]!, , 

A Sh = O.3shc --.!. -1 (_c_) 
Ac iyh 

," 
1'(;1 ttl~~Vl1\1Vi~\I~1nritJLLN 

.tel "'" ............ Gtl = 'rItlVl~tl1lJ1 (;I'!I'fl\l LLntll'l'fltln1lJ1 I'l (;I C'l\l ~'ltl'fl n'!l'fl\l L ~~ n ~'fl n 

= n1i\lfuLLN~(;Itl1:itJ'!I'fl\lI'l'fltln1lJ1 

15 

(2.19) 
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cJ.1 • .... 
2.2.1 r.JiI'II'a~L ,..tmlJiI'an 1Jl'a"" IJl n'l'l~'II'!HJLtl1 

Park LLfl:;filCl.l:; (1982) 1~vhm~Vl!1'l~'tltJL~1'11'\J1!1'1"'1J1~!1'I 0.55xO.55 2.J. ~.:J 3.30L2.JIJI~ 

· " 1" 0"" .... ., .J~ -~1'\J,)'\J 41J1'\J 111tJ IJIUN m:;Vl1 !1'I1'\J'II1.:J LLtJtJ')!l~ n~LLfl:;LLN 1J112.J LL '\J') LLn'\Jfil.:JVl ~!1'ItJVi~1 ~ru 1 ~fl LLN 

n~:;~11J112.J LL '\J') un '\J LLfl :;m2.J 1 ruL"'~ mJfl'tl n L!1'ItJm2.J1 Cl.l'll 'tl.:J L"'~ mJfl'tl n ~ n'tltl n LLtJtJ 1J112.J 

2.J11J1~l1'\Jm~tltln UtJtJ'IItl.:Jtl,)~LLfl'\Jr;l (New Zealand Code) 'II'\J1 !1'ILLfl:;l1JUtJtJ m~L~12.J L ,..~n 

l.lfltlmL~!1'I.:J1'\Jll.l 2.4 LLfl:;filCl.l~2.JtJ"ij;h.:J1'11tl.:JL~1LLMt.:J1'\J1JI1~1.:J~ 2.1 ~flm~Vl!1'l~tltJVitJ~1 
, , , 

., I qO _, CIiI.. .cI_ 
1JI')'tltJ1.:J L~1VlVl1m~Vl !1'I~tltJ2.J fil1 fil,)12.J L "''\JtJ') L'II.:Jm~Lfilfl'tl'\JVl (displacement ductility factor) 

iiI"11tlth.:J1J'tltlL'Yi1ritJ 6 LLfl:;iiI"11~.:Jq!1'll.l~:;2.J1Cl.l10 ~.:JLL~!1'I.:J1'\Jll.l~ 2 .5 fl1fil,)12.JLfil1tJ!1'I~.:Jq!1'l 

'II'tl.:J fil'tl'\Jn11J1 1 '\JLLn'\Jfiltl'\Jn1IJ1ii fl1~:;"'~1.:J 0.016-0. 026 ,..i.:J~1 n fil'tl'\Jn11J1~2.J Ln!1'l m~"'fl !1'Ifltl'\J • • 
tl'tl n '\Jtl n~1 n,r '\J6.:JVitJ~ 11"11 ri 1 i.:J JJf1'\JVl1'\J L2.J L2.J'\Jt;l ~!1'1~ LL Vf~ 1.:J ~:;ii 1"112.J1 n n ~ 11"11 JJf 1'\JVl1'\J 

L2.J L2.J'\Jt;l ~ !1'I1JI12.JVl'l~n L!1'ItJ L~Vi1:;1 '\Jn~ru~ fl1 LLNtl !1'I1JI12.J U '\J') LLn'\Jii 1"112.J1 n LLfl:;iil.l~:;~VlfiIl1Vi 

m ~ LtltJf!1'l~~ L"'~ nl.lfltlnii 1"11 fil,)12.J Lfil1tJ !1'I~.:J~ !1'Ifil~1 n LLj;J'W~.:J ~fl j;Jtl L~1 L ~tl.:J~1 n fl1 fil,)12.J Lfil'1tJ!1'I • 
~~'!1'1 fil~1 n LLj;J6.:J hj~.:J,h.:J'IItl.:J m~LL;.:J ~') L ~2.J~'\J (hardening) ~fl m ~Vl !1'I~tltJU.:J~~1m2.J1 Cl.l 

L,..~nl.lfltln 1J112.J2.J11J1~l1'\J SEAOC ii 1"112.J1 nVitl~~:;ftJl~~1"'ftJ LLN n~:;~11J112.J LL '\J') LLn'\JfiN~~ 
... ~ ,~_! PI ..J ..... .J.J ... 

~:;!1'ItJ 1J11 UIJIIJ.J LlJ'\JVl L"'2.J1:;~2.J~1"'ru LLNm:;Vl11J112.J LL '\J') LLn'\Jfil.:JVlVl~:;!1'ItJ~.:J 
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Specimen Concrete Axial Axial Force Longitudinal Transverse 

1 

2 

3 

4 
• ~..,j 

strength 

(MPa) 

23.1 

41.4 

21.4 

23.5 
. ... 

P ••• 

... . u .. 
,,,,,. Am .. 

Load 

(kN) 

1815 

2680 

2719 

4265 
• ~ ..,j 

, 
(n) ~'ltlth\liJi'UV11 

, 
(~) ~'ltlth\liJi'UV1 3 

ratio 

(P/fC'Ag) 

0.26 

0.214 

0.42 

0.6 
. 

Reinforcement Ratio Reinforcement Ratio 

PI fy (MPa) Ps 

0.015 

0.023 
0.0179 375 

0.02 

0.035 

~~~~~.~~~~~-4 . .. , - . ..
'Hf t o.~ 

... -1 _, ..l _1 Il00 

.... r 0..,,"," 
,,,,,.o.1'lSIItM 

fSh (MPa) 

297 

316 

297 

294 

, 
(\I) ~'ltlth\liJi'UV14 

lU~ 2.5 ~'l1~i~~ufi1~~~'NLLNri1Jm1L~~tlU~~1U;r'Wlltl\lL~1iJi'u~ 1- 4 

(Park LL~~~ru~, 1982) 
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Ozceve LL~~Staacioglu (1987) ltllYi'1n'l1Vl(;l~'lltJL~1'~'W'l(;l'\nJ'l~(;l 0.35l-J. x 0.35 l-J . 

~'l'W'l'W 4 ~'WI1'ltJ 1.~ LLN n 1~Yi'l LLtJtJ1'n4' n 1Vl'l~ tll'l'W;r'l~ LL~~1. ~ LLNt1 (;llJl'll-J LL 'W'l LLn'Wfil~~ L(;ltJij 

I"l'l'll-J~~ (;)'llI"l'l'll-J~nWU'l ~ (;l Lyi'lritJ 2 .86 LLtJ1~'Wn'ln~1l-J L~~mJ~'lln ltJLLtJtJL~~ntJ~'lln~ 
, " 

LLlJIn(;)'l~ri'W 3ltJLLtJtJ ~~LL~(;l~1.'WltJYl 2.6 L~'l'ti~ 4 ~'WL~ll-JL~~nlJl'll-JtJ'l'l~'l'W'l'W 8 L~'W'D'W'l(;l 

L~'Weh'W~'Wun~'l~ 25.2 ij~~UJlJI1 fiJtlJ~l-JU;(;)'l~1'D'll~L~'lLL~(;l~1.'WlJI'l1'l~~ 2 . 2ltJ~ 2. 7 LL~(;l~Ci~ 
e.J~n'l1Vl(;l~'lltJ~~Iilj~L~'Wltll~'ln'l1L~1l-JL~~ntJ~'lln1(;l1'lltJ (hoop ties) 1'll-JritJn'l1H'L~~n~(;lVl'l~ 

'D'l'l~ (crossties) Iilj ~ij e.J~ (;)'llY4~ ~n11l-J'D'll~ L~'l~~n~'l n'l n~ll-J L ~~ ntJ~'ll n 1(;l1'lltJ L YltJ~'llth~ L~tJ'l 
" , " 

Ci~ LL~~'1 L~'l'ti~~'ll~ ~'W1ilj ~ijml-J'l tlJLL~~1~tJ~~'l~'D'll~ L~~ntJ~'llnYl1.n~ Lf)tJ~ ri'W 'W'llnlilj'l m!'W 
, " , 

ml-J'ltlJn'l1L~1l-J L~~nYlltlln'l~'W(;l H lJI'll-Jl-J'llJl1l'l'Wn'l1'll'llnLLtJtJ ACI 318-83 ,j'Wijml-J'ltlJYl 

" " 
L Yl tJ~Y4'll LL(;) 1'1 tJ ~~ LiltJ (;l n'l1L~1l-J L ~~ ntJ~'ll n,j'Wu~ hI L YltJ~Y4'll 'W'llnlilj'l nilY4tJ~'l L ~~ n~ (;lVl'l~'D'l'l~ 

.- 350mm---l I ., t--- 45mm 
I • . '--' , -

I 

I 
350mm 

~:l 
2Smm bars 10mm bars 

TYPE A 

6.4mm bars 
(double I .. )' ~r\ 

TYPE B 

bars 
(do u b le layer) 

TYPE C 

ltJ~ 2.6ltJLLtJtJn'l1L~1l-JL~~n 'D'W'l(;l'D'll~~~'l~(;lLL~~ltJLLtJtJn'l1Vl(;l~'lltJ 
(Ozceve LL~~ Staacioglu,1987) 



19 

(;l111~~ 2.2 f.lCl..!~UJtJ~"1J'tl~L~1"1J'tl~ Ozceve LL~::Staacioglu (1987) 

Specimen Concrete Type Axial Longitudinal Transverse 

strength force ratio Reinforcement Ratio Reinforcement Ratio 

(MPa) (P/fC'Ag) PI fy (MPa) Ps fSh (MPa) 

U3 34.8 A 0.15 0.0169 
438 470 

U4 32.0 A 0.15 0.0254 
0.0327 

U6 37.3 B 0.15 
437 0.0195 425 

U7 39.0 C 0.15 

0 ., ... .. .. 0 ., .... .. 

(n) ~')'tlth~ U3 

ltJ~ 2. 7 fl,)1~i~~'\..Ifi1::"'~1~LLNritJm1Lfl~'tl'\..l~~1'\..1;r1~"1J'tl~L~1LL~::~1l1ViL~1,..tr~m1'Vl"'~'tltJ 
(Ozceve LL~:: Staacioglu,1987) 
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Lukkunaprasit LL~:: Sittipunt (2003) L~Yhm1Y1(;1~~UL~1'lJ'\..nr;mU"H~'(;I 0.40 lJ . X 0.40 

lJ. ~.:J 1 . 5lJ . ~1'1..!'l'l..! 5 i1f'l..!1l1tJ1i1fLLNm::~1LLUUtS'!J4'mY11.:J~1'1..!;r1.:JL(;ItJ~1~~.:Jm11'IXLLNLLUU 

LLeJ'I..!~'I..!L ~'l LL~::1 'IX LLNti (;I j;l1lJ LL 'I..!'l LLn'l..!fil.:J~~1 m1LL1J 1ej'l..!mlJ1 ruLLNti (;I j;l1lJ LL 'I..!'l LLn'l..! mlJ1 ru 

L~~ n1J~~nLL~::iin11H' fil~1Ju (;I'lJ~.:J~ 90 ~.:J fil1 L ~~fil'l1lJ~1lJ11tl1 'l..!n11fuLLN LLUUtS'!J4'n 1 

Y11.:J ~1'1..!;r1.:J ~.:JmlJ1run11L~1-lJ L~~n1J~~ niimlJ1 run11L~uf(;l1 'l..!1::~u1J1'1..!n~1.:J j;l1lJ 

;r~rh~'I..!(;IL(;ItJlJ1mS1'1..!m1~~mLUU ACI 318 'lJ'I..!1(;1LL~::l1JLLuum1L~1-lJL~~n1J~~nLL~(;I.:J1'1..!l1J 

~ 2.8 ~ru~lJ~(;]1.:J1'lJ~.:JL~1LL~(;I.:J1'1..!j;l111.:J~ 2.3 

400 

l1J~ 2.8 l1JLLuum1L~1-lJL~~n 'lJ'I..!1(;1'lJ~.:J~U1~(;ILL~::ntJ~::L~tJ(;I'!l~.:J'lJ~.:J~ 

(Lukkunaprasit LL~:: Sittipunt, 2003) 

j;l111.:J~ 2.3 ~ru~lJ~'lJ~.:JL~1'lJ~.:J Lukkunaprasit LL~:: Sittipunt (2003) 

Specimen Concrete Axial Force Longitudinal Transverse Hook Configuration 

Strength Ratio Reinforcement Ratio Reinforcement Ratio 

(MPa) (P/f; Ag) P, fy(MPa) As / she fsh(MPa) 

1 38.9 0.3 90 crossties; no clips 

2 35.7 0.3 135 crossties; no clips 

3 31.7 0.3 0.0314 472 0.453% 308 90 crossties with clips 

4 30.5 0.37 135 crossties; no clips 

5 32.4 0.37 90 crossties with clips 

. ~-I . ... ~ -I to . . . ~-I . 
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.. ~"', 'I'" ... .t,;. 'I"" ... 
~fim1Yl (;l~tl1J LWlJ ~(;l'llm1 ~~LLNtl(;lj;Jl~ LL'I.I'lLLm.!~ln'1l'l.l'Ci~~fi ~~f'11fil'll~ L~'I.Im LLfi:; 

m1~filU'Yi~~~I'1.1~:;~~i1,hUtlUfi~ LLfi:;'Yi1J~I~'ltlth~L~I~i1m1L~~fil~Utj(;l'1ltl-:Jtl 90 tl~flll i1 

fil'l1 ~ ~ 1~11tlL 'I.In l111J LLN ~1'1.1' 1-:J LL1J1Jt)iJ4' mLLfi:;i1 fil'll~ L ~ilU'l~1 n n~1 L~I~m 1L~i1'11tl-:Jtl 
135 tl-:J"'1 LLfi:;U-:Ji1m1~filU'Yi~-:J-:Jl'1.1~;;;n~I~'lU L~tl-:Jlilln~'ltlth-:J L~I~i1m1L~~f'1~Utj(;l'1ltl-:Jtl 

90 tl~ "'1 1iI:;i1m1Ltl1J1(;l'1ltl-:Jf'1tl'l.ln1j;J~;;;n~1 L~I~i1'11tl~tl 135 tl-:J fill u1:;~Ylfi.nl'Yi'1ltl~ f'1~Utj (;l 
0'1'" ........ ..., J''I'" _ 

'1Itl~tlYlI ~~f'1'lI~Lfil1U(;l'1ltl~L~fimJ(;lYll-:J'1I'lI-:J (crossties) ~f'11~ln'1l'l.l ~'I.I1J1L'lrulil(;l~~'I.I'Yifil~ j;Jn • • 
~ , 

LLfi:;U-:J'Yi1Jiin~llULL1J1JU1:;~m111J~I~1!n (loading history) Y1LLj;Jn~l-:Jn'l.li1~fiy'hL~,hf'1'lI~ 

. a...... ... 
2.2.2 e.ijl'IJ'8·m1'1IJ1'8f111J L ~jlmtlnJ1J'1L'lW·U"U.J'U"jl1t1lJ1n (Plastic hinge) • • 

, ,~ 

Pauley (1980) 1~y'hm1Yl(;l~tl1JL~I~I'1.1'l'l.l 12 rA''I.I ~-:Jih:;u:;m1~tlYll1JVli'l.lL'I.Im1 
'" I .... I I 

Yl (;l~tl1Jil'Yi1J~1 Ci~ LLlJ1:;u:;m 1[;]tlYll1JYlL'IiI:;i'l.l LL~ L~IU-:J fil-:J~1~11m Vi~ nl~-:JVlIiI (;lfil11n L '1.1 • 

L~~nL~l~j;Jl~m'll~ ~-:J~tul~~1 tllm1~tlYll1J'1Itl-:Jm~nL~r~~i1n11L~~m~lruL~~nUfitlnL'I.I 
_ .J. I c:r'" II I I til' " ... .J J' 

1J1L'l ruYl~ n11(;1tlYll1J'1Itl-:J L~fi nU'I.IL ~1::U::~1-:J1:;~'lI-:J mfi nUfitln'l.ltlUfi-:J'\Utltl~1 n'1l'l.lIil:;~-:J ~fi 

y'hL~'Yi~~n11~'1Itl~L~1 i1fil'lI~~1~11m~~nl~-:Jl~;;;~'1.1 

~ 

n 1::y'h ~1'1.1'I-:J LL1J1Jt)iJ4' n 1LLfi:;iJ n1 nLU1~'I.I~I~1!n1J11'VJ n L 'I.ILL 'I.I'l LLn'l.l 'Yi1J~1 ~fi ~'Yifi'1ltl-:J ~'ltlth-:J 
.J ....,J ... II ..J ~ I 1I 0 ~ " Q I .....1.. " ..J 

Yl(;l~tl1JYltl(;ll1'Ci'l'l.lLLNtl(;l ~'I.ILL'I.I'lLLn'l.lYl~fill'1.1tlU IiI:;YlI ~~L~I~fillfil'lI~L~'I.ImYl(;l LL(;I ~'I.I'1Iru:;Yl 

L~I~i1t1(;111 ~'l'l.lLLNt1(;lL'I.ILL'I.I'l LLn'l.l~i1 ,.h~1 n 1iI:;y'h L ~L~1 ~'ltlth~ Ln (;lnl1~,jiLL1J1JLUl1:; 

Ci~ LLlJ~1 L~1 ~'ltltll-:JIiI:;~1~11tlYl (;l~tl1JIiI'I.ICi-:J' (;l~ Ln (;l fil'll~ LA''I.I~' (;l fil11 n L 'I.IL ~~ n L~l~ LL[;]t1(;111 

n11fi (;lfi-:J'1Itl~ nl~-:J~'I.I LtI'I.IlUtltll~1'l (;lL1'l L~tl-:J~11i11n n11LL(;In~I'l~Ln(;l(;lI~1J"h'lru~i1n11[;]tl 

Yll1J 
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Specimen Longitudinal Axial Load Ties 
Hoop Spacing SpUre Length 

Reinforcement Applied (mm; in) (db) 
3CLH18 8 - #10 0.12~fc Hoop 457.2 (18) no splice 
2CLH18 8 - #8 0.12A~fc Hoop 457.2 (18) no splice 
3SLH18 8 - #10 0. 12~fc Hoop 457.2 (18) 25 
2SLH18 8 - #8 0.12A~fc Hoop 457.2 (18) 20 

2CMH18 8 - #8 0.35j~J·c Hoop 457.2 (18) no splice 
3CMH18 8 - #10 0.35A~fc Hoop 457.2 (18) no splice 

3CMD12 8 - #10 0.35~fc Diamond 304.8 (12) no splice 
3SMD12 8 - #10 0.35~fc Diamond 304.8 (12) 25 

~ , 
'Vlf'l~tl'UL~'l~'ltlth,n4,nUlf'l 6 ~'ltlth:J '"l:;LL~f'I'I'ttl(;l'l1'l'lYl 2.5 Lf'ltl1'ltl~:;Liitlf'l'!ltl'lL~'l~'ltlth'l 
II I " I 

"''1 6 "'tI illtJ LL'U'U Yl L ~~ tlwitl LLj;Jil n 'l1LLtJ1~tl1l 'l~'I!n 'U 11YJ n (;l'l).J LL tI'l LLntlYl j;J'l'l ntl fl'l 'l).J 

~ ... tJ.- ....,j "" tJ1 " , .., .,j ... , 
L~t1~'ltILL'U'U L~tltl LL~:; 1:;'l (;In'l1Lfl~tltl'Vl f'I'ltl'!l'l'l ~l f'I'l'l (;l'ltltl'l'l'Vl f'I~tl'U'Vl).J1:;t1:;n'l1(;ltl 

, ~ 

'Vl'l'U LVI'l n'U 20 L vl'l'!ltl'l L~tlthtlPltltfn~'l'l'!ltl'l L~~ n~tI LL~ :;n'l1 Ltl'Ui'f'I fl'l'l).J'!I'l'l'lYlhl f)tltl ~'I!tI 
'" 

'Yi~ ~ n TT).JIl'lti 't"'UN m':;v1'1 ~'ltl''l'l LL'U'Url!Jr.1 n1'"l:;l~ t.J~~hl~ i1'1 tr'l ~'ltl''l'l'!ltl'l ~'ltlti'l'l'Vl f'I~tl'U 
~ .cJ ..I....,," ..... .. I'; I ~ 
L1).J~f'I~'I'Vln'l1Lfl~tltl(;l'lf'l'ltl'!l'l'l 1.0%-1 .5% LL~:;t1'1'Yi'Utln'l'l n'l1L~tltl~~f'I'!Itl'ln'l1(;ltl'Vl'l'UtItI 

I cv I ... I .J., ......,," 
LL~ f'I'Itltl 'l'l"ll f'I L '"ltl(;ltl n'l1(;ltl'U~ tltl'l n'l1~2.ltl'!ltl'l (;l'ltltl'l'l'Vl f'I~tl'U 'Vltl (;l1'l n'l1Lfl~tltl(;l'l f'I 'l t1'!1 'l'l 

~ .,j ,.,j.. 1 "... ,.. , 
1.5% ~f'ltI'Vl 80%-85% '!Itl'lfl'ln'l~).JtI'Vl'lf'l f'I)Jfl'l'l)J L~).J'l:;~).J (;ltln'l1L~tltl~~f'I'!Itl'ln'l1(;ltl'Vl'l'U • • 
~'I1l'lltJ~~ (;l1'l n'l1~ f'I~'I'!Itl'l n'l tr'l ~'l''l'l~~'I~tI 

, ... ..-
(;l'lT'l'l'Vl 2.5 flru~).J'U(;l'!ltl'lL~'l'!ltl'l Murat Melek, John W.wallace, Joel P.Conte (2003/2004) • 

AxiAl Load Split'f' Is p""ride 
Shf'al' Load 

Spf'dmf'n 
(%A,f'() Length ISJ"'I'liTe (V.@MJN. 

Column Hf'ight 
Histol'Y 

SIOMI 10 20~ 0.65 0.67 1828.8 nun: 6' 0" Standard 

S20MI 20 20ch, 0.65 0.70 1828.8 mm: 6' 0" Standard 

S30MI 30 20ch, 0.65 0.78 1828.8 nun: 6' 0" Standard 

820HI 20 20~ 0.64 0.81 1676.4 mm: 5' 6" Standard 

820HIN 20 20ch, 0.64 0.81 1676.4 llUll: 5' 6" Near Fault 

S30XI 30 20ch, 0.64 0.93 1524.0 mm: 5' 0" Standard 
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2.2.2 n1,1~'!I'fl~L.1111!Jt~ LL'~ t ,r~,,~~ 
~1\1~4'U~ ~m~t1 n1 ~~Uii'f)~ L~1 filf)\ln1~ L~1l-J L "'~ nJ11ultlf LLN L Ul-J d'l~~\1~~ n1~~t1'1iij 

f)tJf)th~r.l1n~ L"lI\I Sezen LL~~ Moehle (2006) 1~l11n1~'V1~~f)t1L~1'\l1~"'U1~~ 0.457 l-J . X 
'IJ ., 

0.457 l-J. ~~ 2.946 l-J. r.l1\1'l\lli~"'l-J~ 4 ~\lJ11ul~LLNn~~l11LLtltl1'!I4'n~'V11~~1\1'1~u~~1~ 

LLNtl ~ ~1l-J LL \I'l LLn\lfil~~ LL~~hJ fil~~L~U LLth~\lml-J1ruL "'~ mJ~f)n LL~~th~1in1 ~1 ~ UN 1 \I 
., 

LL \I'l LLn\lLL~ ~LLN'V11~ ~1\1' 1~ \If) n~ 1 mr\lU~ ij n 1 ~'V1 ~~f)t1 L~1J11ultlf LLN n ~~l11'V11~ L~U 'l 

... " ..I tJ..I (monotonic) ~~LL~~~ ~\I~1~1~'V1 2.6 LL~~l 'V1 2.29 

1 
762_ 

ilL] 

4470_ 
[1 7 ilL] 

--r 
)OJ_lila) 

t---1431 nDI (96in..)~ 

.3 tioo@ 305I11III [12 ia.) O.c:. / 

1119 ....... 
JoaaiIudiDal reinbcemeat 

ltJ~ 2. 9 ltJLLtltln11L~1l-J L"'~n '\11 ~'f)~"'U1 ~ ~LL~~ltJLLtltln11'V1 ~~f)t1 
(Sezen U~~ Moehle, 2006) 

, ... .-
~111~'V1 2.6 I'Jru~l-JtI~'f)~L~1'f)~ Sezen LL~~ Moehle (2006) 

Specimen Concrete Axial Axial Force Longitudinal Transverse 

strength Load Ratio Reinforcement Ratio Reinforcement Ratio 

(MPa) (kN) (P/fc'Ag) PI fy (MPa) P. fSh (MPa) 

1 21 .1 667 0.157 

2 21.1 2670 0.63 
0.025 438 0.0017 476 

3 20.9 2719/-250 0.636 

4 21.8 667 0.152 

. ...... or ... . ... ..1 or 
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... 
tJ~ n'11Yl (;I~t:lU L~1~-:J 4 ~'lt:ltl1-:J~U~1 L~1'VJ n 1A''U':3Uii ~'ltJlULLUU'Dt:l-:J LLN L~t:l'ULL~:::LLN 

., .....1 .J.. ~..r.... ..... 
1Jl1~LL'U'lLLn'U (;I-:JLL~ (;I-:J(;I-:JlUYl 2.1 0 L(;ItJYl~~lJln11~'Dt:l-:J L~1'U'UIiI:::'D'Ut:l'JnU'D'U1(;1LL~:::U1:::'l1Jln'11 

1,x LLN L~1~fu LLNtl (;I1Jl1~ LL 'U'l LLn'U~il fi1~1 ntl''UIiI:::Ln (;In'11':3U~ LLUU LU11:::~'ltJ LLNtl (;ILL~:::LLN 
L~t:l'UL(;I'UL~11i1:::~ 'Y L~tJ "''l1~~1~11tll 'Un11fu LLN 1Jl1~ LL'U'l LLn'U~'Uii L~t:l Ln (;I n11~U~ L~1~ 

... , , 
Yl(;l~t:luL(;ItJn11LLu1~'ULLNIJl1~LL'U'lLLn'U'I!'UIiI:::il~~~n11~iiIJi1-:Jri'U1'U'I'l-:JiifuLLNtl(;lLL~:::LLN~-:J 
~ .... .- ... .l.J. 1 IV 'I" 0"... ::. 
~(;ItJn11'lUIJlLn(;l'D'UYlluLLUU'Dt:l-:JLLNt:l(;l n11Yl(;l~t:lUJl1tJ ~IJlLLNn1:::Yl1(;11'UL(;ItJ'l (monotonic) 'U'U 

.- tt " .cJ ",,,,,J I ........ 

L~11i1:::~"''l1~~1~11tl ~'Un'11L"'~t:l'UYlYl1-:J(;I1'U'D1-:JYl~1nm1n11Yl(;l~t:lULLUU'lilliln1 n11~'U~~(;I 
... 

(slip) 'Dt:l-:J L~~n!j'U'I!'Uil~Ylfi~~t:ltl1-:J~1nlJit:l~~~ L'U~Yl1-:J ~1'U;h-:J (lateral stiffness) 

(a} (b) 

(c) (d) 
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~'lUVl(;lM1UL~'lI1'ltJLtli'LLNm':;";''lLLUU.)!J4'n1~tJ'lU~'l L"J!U Park et al. (1982), Ozceve 

& Staacioglu (1987) , Priestely et al. (1987, 1994), Razvi & Saatcioglu (1999) LLfl:; 

Lukkunaprasit & Sittipunt (2003) LtlUtli'U '"I:;~~(;In'l1Vl(;l~flULdflri'li~fULLN~'lU;'l~'!Ifl~L~'l 
" II I II 

fl (;Ifl~ 20% LLfl:;~~~ ~~'l L~'l,rULn (;In'l1~~ ;fl~fl n'l1Vl (;I~flU L~ihil'"l:;;hJ1:;LtJ'!It!Ujfl L~'l,rU 

LtlU LflN ~ ~'l~~ ~ nflfl n LLUU L ~fu LLN n 1:;";'l ~'lU;'l~'!Ifl~fl~")fl'l fl'l1 LL(;\L U LflN ~~'l~m fI'l1U'l~ 

U1:;L/1Vl L"J!U LflN~~'l~fl'l fl'l1~iiri'l LL 'YNfu LLN L~flU L~'l L Ufl~,.)m fl'l127 nlil:;'W't~~nflflmLUUL ~ 
" I " II 

fULLNm':;";'l~'lU;'l~ LL(;\~nflfln LLUUL ~fUU'l~,rnU11YJn L ULL U'l~~ Lvh,ru ~~ LL2J~'l L~'l L ~£'hil'"l:; 

Ln (;Ifl'l'l~ L~tJ~'ltJ'"I'l n LLtJU~U't ~'l hJ~'l~'l1ClfULLN ~'lU ;'l~'t~~n LL(;\~'l nu~ fl~~'l~'l1Clfu 
" I II II 

U'l~,rnU11YJnLULLU'l~~'t~ nU~~fl~'lL~'l,ruhJLn(;ln'l1~~ LflN~h~fl'lfl'l1U1:;L/1Vlil'"l:;~u~ 
, ~ 

L;Jfl LflN~~'l~fu LLNm':;";'l ~'lU;'l~~ qJ L~tJ ri'li~fULLN LLfl:;L~'lfl'l fl'l1hJ~'l~'l1Cl fu U'l~,rn 
~ s. "s.... .:;" • I .. " ...,... ~ ..J 

u11YJn ~(;I n'l1 ~"li~flnn'l1U ~Un'l1u1:;L~Ufl'l'l~~'l~'l1Cl'!lfl~mfl'l1 ~Un'l11ULL~U(;IU ~~'l ru ,(;IVl 

fl'l fl'l1~~ (Life safety) '"I:;";'l L ~n'l1U1:;d1ui1 fl'l'l~U1:;~U(;l LLfl:;L ~~'l:;~~n~'l n'l1U1:;Li1Un'l1 
, ~ ~ 

~~ ru '(;IVlL~'l~qJL~tJri'li~fULLN~'lU;'l~ Ufln'"l'ln,ru ~inn'l1ilu~iiu1:;LtJ"liu1Un'l1 
, ~ 

U1:;~ntrL-nUn'l1L~1~ri'li~L~'lVl'W't~Ltlu LI'lN~h~fULLN~'lU;'l~ L~~'l~'l1Clfuu'l~,rnU11YJn 
~ s...J • I tr.... ...I... , ~. I 
~(;IVl1:;tJ:;Lufl1L"liUIJln'l1LflflflUIJI'l~~ 1 IJIfl ~u 

~'lU ~4'tJ~ L~tJ'l;fl~nU n'l1~U"i'!lfl~ L~'l flflun'1IJ1I1'ltJLiA' LLN Lu~'i'l~u~iifl~ UfltJL U 

U'"I,U-U (Elwood & Moehle 2005) L"JIU Nakamura & Yoshimura 't~Vl(;l~flUL~'lflflun'1IJ1L~1~ 
.. 0 s. ..J ~ ... .,J.....-" .... ~ .1 . ""., d ~ .J ... 

L~fln'"l'lU'lU 4 IJIU VlLuUIJI'lLLVlU'!Ifl~fl'lI'l'l1Vl'lUIJI ~U~fl~ ~mu u1:;LVlfilqJ~U {"li'lLuUL~'lVl~I'l'l'l~ 

... .. .J- ..... ~ ~.., "4 I ..l 
L~UtJ'l) n'l1Vl (;I~flUIiI:;Vl (;I~flU'"IUCl~'"I (;IVl'lUIJI LUfl~'"I'l nU'l~UnU11Vln "li~UtJ'l~'l'l LtlU'"I (;IVl L~'l • • • 
~'l~'l1ClL~UlU~~~(;I'!Iru:;~U~~'l~'l1Clfu~'l~,rnU11YJn't~ ~'lLLU1~L-nUn'l1Vl(;l~flUf1fl i(;lfbu 
~ , 
U'l~,rnU11YJ n (Axial load ratio) LLfl:; LLNm':;";'l ~'lU;'l~;~ LtlULLN m':;";'l LLUU.)!J4' n1 (Cyclic 

load) LLfl:; LLUU~1JI1'lL~~fl~~ (Monotonic load) n'l1Vl(;l~flU~U~'l 1:;~U'!Ifl~~'l~,rnn1:;";'l~t.i'l 
.. I cv -.....- 41 ::., 0 ... I ..l., .., ~ ... 

L~'l~ ~fl IJIflfln'M'ru:;n'l1'lU IJI L~flU'l~Un m':;Vl'l~ fl'l~'l n n'l1LflflflUIJI'l~~~ (;I'!Iru:;1UU'l~Un 
, ~ 

U11YJ mLfl:;i (;I ttl '1 Un'l 1Vl t(;l ~'l'!lfl~ L~'l L ULLU'l ~~i1 "hUfltJ LL(;\~'lnU'l~,rnm':;";'li1 "hUflU L~'l'"l:; 

L~tJlULLfl:;Vlt(;l~'l't~~'ln 
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., , 
n11 Ylc;lM)Un11~~"n~'l L~1Ll.I"nt1J::Juu1~~nUnYln"ntN L~1V1ijfO),)1~ L~tlt.l,)~1nc;l1~ • 

L1-~li1~~~1~Yltl1trtl California, Berkeley L~1~1l.1,)l.I~1nn~1 12 IIfl.l 1~li1n11Ylc;l~~UL~~ 

~m~t1trm!t1J:n11~u~"nt1J:fu~1~~nU11"t'Jn tc;ltl~n';jr.rtl~fl1t1Yl1l.1 L'l.I Lynn Ll.IU 1996, 

Sezen Ll.IU 2002 Ltll.Illfl.l LLUU~1fl~'lLl.In11~1 n11LfO)~~l.I~,)~'l~ c;lLl.I"nt1J:fu~1~~nU11"t'J n 1~ 
.... 0 J' 

~ nYi 1ij.Jl.I1 LLUU'il1 fl~'l"nl.l 

I" I' I 

fO)') 1~ ~1~11t1n 11L~ tlluVI, c;l~,ji ~')tlU1~~nun"t'J n Ll.ILL l.I,) ~'l"n~'l L~1V1 L~tI~1t1 L U~'l'il1 mLN 

L~~l.I(~tr'l'il1mnc;ln11fO)11m~~'l'il1mLN~c;l) Elwood LLfl: Moehle,(2005)1~~~l.I1LLUU~1fl~'l 

~;l.I tc;ltl~~~ ~l1l.1"n~'lLLUU~1fl~'l Fi~ LLN~c;lLl.ILL l.I,) LLnl.l~nIlf1l.1~')tIL ~~ m~1~ j;]1~tl1')~fu 
LLN ~ c;l LLfl :n11thtl L Yl LLN L~ tI c;lYl1 l.ILLUU L~~l.IUl.I1:l.I1U n11~U~ LLUU L~~l.Ij;]1 ~~~~ ~ l1l.1 ~'l 

LL~c;l'lLl.IlU~ 2.11 

de 

Shear friction equation 

As/;'1 .-----+ ~---+ 

t 
P, 

tu~ 2.11 LLt.JWl1YiLLN~~1:(Free body diagram ) "n~'lL~1~tr'l'il1n~U~LLUUL~~l.I 
(Elwood LLfl: Moehle, 2005) 

All ... 1,cJ .JJ'_ _ .... AI .J. 
L~~l.I ~l.Ilu LLUU~1 j;]1~1l.1 YlU1:~1 t1J'il1 n~111Yi~~ ~fl"n~'l LLNYlYil.lt.J')"n~'l n11,)Uj;]LLUU L~~l.I 'II'l 

fO),)1~ i~~l.Ifi1:~~1'l n11~1l.1,) t1Jf'h i ~U1:~YltLLN L~tI c;lYl 1l.1nU~ j;]11 n11L"'~~l.I~ ~ n11~miLl.I 
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" I I I 

f'lfJ12.Ji2.J~'l.!tfilL~~~'l.!1LLUU~1~'fl..:!~1~fum~Yi1'l.!1t!~j;]~1m~Lf'l~'fl'l.!;i mu~'l'l.!LL'l.!fJLLn'l.! L(;It! 

f'l1~CJ~ LJl'flm~Yi1'l.!1mLUU~1~'fl..:! L~ LLn LLN~ (;I 'l'l.!LL'l.!fJ LLn'l.!, m2.J1 tl.!L~~ m~l2.J {;l12.J'IIfJ1..:! LL~::~2.J 

m~LLj;]n11fJ ~..:!LL~(;I..:!'l'l.!~2.Jm~ 2.19 

(2.19) 

s 
J' ..I " ... ... ... = ~'l.!'Vl~'l.!1j;](;I'II'fl..:!L~~m~~2.Jj;]12.J'IIfJ1..:! 
o ... ..1 ... ... 

= m~..:!'VlIil(;lf'l11n'll'fl..:!L~~m~~2.Jj;]12.J'IIfJ1..:! • , 
.. 4111111 ... ..,..... 

= f'lfJ12.J~n'll'fl..:!LLn'l.!f'l'fl'l.!n~j;] ('VlfJ(;I1il1n~'l.!tln~1..:!Cl":! 

fII'l.!Un~1..:!L~~ntl~'fln) 
OJ 

..... I .,"'.....J' 0 ..J
tl 

... " 
(;I..:!n~1fJ ~(;I~~'l.!11il1n~'l.!l1'l.!'II'fl..:! LLUUIil1~'fl..:!'Vl ~ULLnIil1nn1~'Vl(;l~'fl..:! (Empirical 

model) ~..:!;j;r'fl~1 n (;I 'l 'l.!m~Yi1'l.!1t!~~ ~n1~2.J'II'fl..:! L~1~;j ~fJ LLtl~~1n (;I'fl~~ L~1~'l-rl 'l.! m~'Vl(;l~'fl..:! 
., , , 

Lvh'l1'l.! LLUU~1~'fl..:!~..:!nfhfJhJ~12.J1~ClYi1'l.!1t!~~~n1~2.J'II'fl..:!L~1;i;j~fJLLtl~;iLLj;]nLJ11..:!n'l.! L"lI'l.! L~1 
., , , 

'l'l.!tl~::L'Vl filL 'Vltl L~'fl£h..:!~ n iJi''fl..:!LLl-I'l.!ih ~..:!'I1'l.! m~'Vl (;I~'flULYl'fl~1m~Lfl~'fl'l.!~fJ~":!~ (;I'IItl.!::fu 
"', , 
u1~'I1nu~~YJn'll'fl..:! L~1;i~1~'fl":!2.J11il1 n L~1Iill..:!'l'l.!tl~::L 'Vl filL'Vltl~..:!;j f'lfJ12.J~1 LiI'l.!'fl£l1..:!u..:! 'l'l.! 

., 
m~~mt1~~~n~~2.Jm~~Ui'l'l.!n1~fuu1~'I1nunYJnIil1nLLNn~::Yi11il1nLLtJ'l.!~'l.!L~fJ CJ~n1~ 

'Vl (;I~'flU~12.J1~ClU1 Ltl'l-rl 'l.!m~~ ~'l.!1 LLUU~ 1~'fl..:!~ L ~2.J1::~2.JnUL~1 'l 'l.!tl~::L 'Vl fIIL'Vlt! L ~'flYi1'l.!1t! 

~~~n112.Jm~~U~'II'fl..:!L~1~~niJi''fl..:!LL~::LLlJ'l.!ihLJ1'flLtl 



.001 
'l.I'V1'V1 3 

~ 0 

t 'Wn'l5'LIJi1tll-l ~'ltlth~VI c;,~tltJil n fl,)'l n~ n''Wih~'Wc;,i n~ru:: L~,)YlIiI::,j,)l-I,)VI c;,~tltJ '!I'W,) c;, 

~ih ~c;,'!Itl~ L~,) 1"l'l,)l-I~~'!Itl~ L~,) ntl~::Liitl c;,'!Itl~ L ~~ m~1l-15'::tl::n'l 5'lJ1tlVl')tJ'!Itl~ L ~~ n~'Wt 'W 

~'ltlth~ L~,) I"ltl'Wn"1lJ1 I"lru~l-ItJ~'!Itl~t)~ c;,~t -n 'Wn'l5'VI c;,~tltJ tl')\1 L 'll'W ri')i~ I"ltl'Wn"1lJ1 '!I'W,) c;,L ~~ n • • 
~ 

... I'" ........ .., _.... I ... 

L~5'l-I LLtJtJ~~tll"ltl'WmlJl lJI~tl c;,1iI'WIiI::tlfitJ')tl tl~'!I'WlJItl'Wn'l 5'LlJI5'tll-l lJI'ltltl ,)~VI c;,~tltJ n'l5'LlJI5'tll-l n'l 5' 
~ ~ 

VI c;, ~ tltJ LL~ ::i'WlJItl'Wn ') 5'VI c;,~tltJ LLIJI ~ ::i'WlJItl'W tl')\1 L 'll'W ~fi n')5'~ c;, Lnlilt) c;, I"l'l ') l-I LI"l"1tl c;, (Strain 

gages) ntJ L~~ n L~1l-1t 'WL~,) I"ltl'Wn"1lJ1 ~fin'l5'~fltl L~,) ~'ltlth~VI c;,~tltJ fJru~l-I~'!Itl~ LI"lN;tlLL;~ 

VI c;,~tltJ (Test-F rame) ~t -if~')~ftJt \¥ LLN~ c;,lJI,)l-I LL 'W'l LLn'W n'l5'~c;, i~ L~,) ~'ltlth~VI c;,~tltJntJ~'W~ 
o ~ 

t 'W\¥tl~u!j~ n'l5'LL~:: LI"lN;ttl LL ;~VI c;,~tltJVit \¥ LLN~ c;, lJI,)l-I LL 'W'l LLn'W ~fin'l5'~ c;, ~~ LL~ ::r;i') LL ~U~'!Itl~ 
.. ..::II .... ....I 'I _~ ..... cr 

LI"l5'tl~l-Itl'lc;,n'l5'LI"l~tl'WVlLLtJtJ ~-W'"') (Linear Variable Displacement Transducer) 'lfin'l5'LntJ 
~ 

;ttl~~ t 'W5'::~~,)~n'l5'VI c;,~tltJLc;,tlH' Data Logger i'WlJItl'Wn'l5't \¥LLNm::vh rA'')'W;t')~ LLtJtJt){)4'n5' 

ntJL~,)~'ltlth~Vlc;,~tltJ Lc;,tl~ LLN~~ t 'WLL'W'l LLn'WI"l~~ lJI~tl c;,n'l5'VI ~~tltJ 5''ll-ln~ LL 'W'lVl,)~ n'l5'~ ~'W,) 

LLtJtJ ~ ') ~tl~ LLN LL~::n ') 5'LI"l ~tl'W~'ltlth~~ ') tl L ~ tl L i1'WLL 'W'lVl ')~ n ') 5'~ ~'W,) LLtJtJ~ ') ~ tl~VI,)~ 

I"lrulJlfil,)~lJIflJltl'lu 

...I 0 ~.J.... ... ... CJ 'I .., 
L~,)VlIiI::'W,)l-I,)VI c;,~tltJ Lu'WL~,)Vll-I'!I'W,) c;,l-I')IiI') n L~,) I"ltl'Wn5'lJI L~5'l-I L~~ n ~ 'Wtl') 1"l,)1~~1::c;,tJ .. 

1.h'Wn~')~Lc;,tli'lhJ (5 - 10 .f'W 1.h::l-I,)ru 23 Ll-IlJI5' lJI,)l-In{)~l-I,)tl) liI')nn'l1~n~Li~'tl~IA''W .... tJ~,) 

n ') 5' IJItlVl ') tJ L ~ ~ n ~'W tJ1 L'l ru U ~ ') tl L~ ') ~ ~ Lil 'W~fi~t -ift 'W n ') 5'rltl ~ 1')~~t -ifi'l 'l utl')liIvh t \¥ 

I"l'l ') l-I~,) l-I,) 5'tl t 'Wn') 5'LI"l ~tl'W~'l LL~ ::I"l'l ,)l-I L ~iltl 'l'!ltl~ L~,) ~ ~ ~~ Lc;,m~ .... ') ::tlth~~~ L~,)~~~ 
o ~ 0 

Liltl~liI,) n LLN L~tl'W ~~u'W~'ltlth~ L~')ViIil::,j,)l-I,)VI c;,~tltJliI::Lu'W~n~') n~ ~~'!Itl~n'l1IJ1tlVl')tJU~,)tl 

L ~~ n L~1l-1'!1tl~ L~,)~~Ui L;jtl~IiI')n LLN L~tl'W LL~::~~'!Itl~ n'l5'~ c;,U1::l-I') ruL ~~ n L~1l-1 lJI,)l-I'!I'l,)~ 
~ 0 ~ 

~~u'W~'lLLu5'~inVit-n'Wn'l5'Vlc;,~tl~il~tl ~fin'l5'lJ1tlL~~nL~1l-1tJ1L'lruLI"l'WL~,) ml-l')ruL~~nL~ll-l 

lJI,)l-I'!I'l,)~ LL~ ::1"l'l,)l-I~~'!Itl~ L~')~~IiI::ij ~~ IJItllU LLtJtJ n'l5'~~'!Itl~ L~') 
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, " " 
~')~fu rA''ltlth-:J L~,) Vi '"I :;11 ,)lJ,) VI ~ ~tlullJ-:J ') \.(;S4't1 il '"I dj rA''ltlth-:JVI ~~tlUl1-:J~lJ ~ 3 

rA''ltlth-:J L~t11')m~:;Ltitl~L~~n~t.I L~~m~1lJlJl,)lJ"'l,)-:J 1:;t1:;m1IJ1tlVl,)uL~~m~llJ LL~:;"t.I')~"tl-:J 

rA''ltlth-:J L~,)~VI ~~tlU'"l:;L~LL~ ~-:JLt)l.t.l1Jl,)1,)-:J~ 3.1 LL~:;nJ~ 3.1 ~-:J nJ~ 3.3 ~-:JrA''ltlth-:JL~,)~ 
~ ~ 

" ., ... <i" 
VI~~tlU'"l:;"t.I')~~t.I,)IJl~L~,) 0.40 lJ. X 0.40 lJ . lJf'l'l,)lJ~-:J"tl-:JL~,) 1.65 lJ . ~~t11:;t1:;f'l'l,)lJ~-:J"tl-:J 

L~,)'"It.I~-:J ~t.ltJ n~,)-:J LLNn1:;y'hVl,)-:J ~,)t.I;r,)-:J LLUUt)'n4' m 1 .50 lJ. ij tllJl 1') ~'lt.l"tl-:J 1:;t1 :;fl'l,)lJ~-:J"tl-:J 

L~,)'"It.I~-:J~t.ltJn~,)-:JLLNm:;y'j,)VI,)-:J ~')t.I;r,)-:J nUf'l'l,)lJn~,)-:J"tl-:J~U,) L~,) (Shear span ratio) LYi'1nu 

" 
3 .75 m1tltlmLUUL ~~m~1lJlJl,)lJ"'l,)-:Jl t.I-:J')t.li)4't1ild:Jt.lLUIJl,)lJ ACI 318-05 LL~:;lJ,) 1Jl13')t.I 

4\''''' .r.J"..., cr .. I I I I a 
'l . ~ . VI. 1 008-38 ~~t1lJ1tltl~:;Yit.lVl~t.I,)IJl~"tl-:J L~~nlJ~tln IJltl~~f'ln.!1:;~'l,)-:J1:;t1:;~,)-:J"tl-:J L~~n 

~ 

'Dtl-:J L ~~ nU~tl n IJItl ~~ ~CU1:;~~,)-:J1:;t1:;~,)-:J'Dtl-:J L ~~ nU~tl n nU1:;t1:;, ~~t.ltJ n~,)-:J ~-:J' ~ ~t.ltJ'Dtl-:J 

L~~nU~tln'Dtl-:J~u')rA'~L~,) LYi'1nu 0 .098% l'L~~nn~lJCj'lL1t1U"t.I,)~L~t.I~ht.l~t.ltJn~,)-:J 6lJlJ. 

(RB6) ijfh~-:J~'~flnn'Dtl-:JL~~m~llJmlJ"'l,)-:J (iy ) hJutltln~') 2400 nn.l'lllJ.
2 ~'lt.lL~~n 

.. AI..... I J'''; ".., Q' _ I J' cJ~ ".., 
L~1lJ lJl,)lJm'llJtlIJl1,)~'lt.l1:;~'l ,)-:JYit.lVl~t.I ') IJl ~'Dtl-:J L ~~ n L~ 1lJ IJltlYit.lVlVl-:J~lJ ~"tl-:J~t.I') IJl ~( Asl / Ag 

%) LYi'1nu 3.14% H'L~~n;rtl~tltl"t.I,)~L~t.I~ht.lfllt.ltJn~,)-:J 20 lJlJ. (DB20) 'l,)-:J~,)t.I~:; 5 L~t.I 
~ 

" , 
1'llJl1-:J~lJ~ 16 L~t.I L~t1ijn,)~-:JVi'~f'lnn'Dtl-:JL~~m~1lJlJl,)lJm'l (iy ) 'Wutltln~') 4000 nn.l'lllJ . 
," , 

2 ~-:J rA''ltlth-:J L~,)VI ~~tlUl1-:J 3 ~t.I ijtlIJl1,)~'lt.l1:;~~,)-:J LLNtl~Vim:;y'j') 1 t.lLL t.I'l LLnt.lnU LLNtl ~U1:;~t1 

Lyhnu 0.2 L~t1~tl~n')~t.I~"tl-:J rA''ltlU,)-:JVI ~~tlu~l, LmtiU L VitlU~ n~cu:;IJI,)-:J1 'Dtl-:J rA''ltlu,)-:J 

" VI~~tlU ~,)lJ,)1tltlfiu')t1L~~-:Jil 

, 
;tlrA''ltlu')-:J L~,)VI~~tlU S-(X1 )-<lS) 

(Xl) LL~~-:J~,) ~U'Dtl-:J rA''ltlU,)-:JVI ~~tlU 

(~) LL~ ~-:J ~ n~cu:;'Dtl-:J L ~~ n~t.I ~ii m 1IJ1tlVl,)U~Lflt.lL~')~1tl 'Wii m1IJ1tlVl')u~Lf'lt.lL~,) 
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3.2.1 ~~'iI!h~L.1Y1".'ilU 81 

~'lfltl1~L~1'Vl{M~flU S1 'nJ1t1~~ L~1I'1fllJnrj;\~ii·Jn.I1~ 400 X 400 ~nJ . "fl~L~~ntlflfln 
..J... .. 1.1 ..J... ' . ~ ~ 
'Vl1~ffiU (hoop ties) LLfl:::L~fln flfln'Vltl~j;\1~"'l1~ (crosstles) j;\1~u1~1ruj;\1q~"fl~~1j;\1l1lJ 

AC1318-05 ~ii"lJ1~L~lJ~.hlJfJllJULYhriu 9 ~~. 1:::tI:::~1~1:::~~1~L~~ntlflflmyhriu 300 ~~. ~~ .. 
Gill J'.cJ".... cr 1.1 I I I cr 1.1 ... 
~1fltl fl:::'V'4lJ'Vl~lJ1 j;\~"fl~ L ~fl n flfl n j;\fl eJfll'1 ru1:::~'l1~1:::tI:::~1~"fl~ L~fln flflnnU1:::tI:::1iI ~ .. . 

L~1~j;\1~"'l1~ (Iy ) Lyhriu 3050 nn./'li~ .2 ~'llJL~~nL~1~j;\1~tl1'liit1j;\11~'llJ1:::~~1~ 
J' .J "" ... CJ _ I J' ..J~ It .... I .... ....0 .... ..1 
'V'4lJ'Vl~lJ1j;\~"fl~L~flm~1~j;\fl'V'4lJ'Vl'Vl~~~~"fl~~lJ1j;\~( Ast / Ag %) L'Vl1nU 3.14% ~mfl~'Vl'~ 

1'111n"fl~L~~m~1~j;\1~m'l (Iy ) Lyhriu 5250 nn./'li~ .2 L~tI'Wiim1t;ifl'Vl1uL~~m~1~lJl1~m'l 

~Ll'1lJL~1 iiri1i~t1~tl1:::itll'1fllJnrj;\ LVi1riU 350 n n ./'li~. 2 L~tlfULLNt1 ~ t lJLLlJ'l LLnlJ Lyh riu 

1098. 7 nLflil'l~lJ (0.2 fcAg) LLfl:::iiltlLLuultlLLUU~1'11~~11i1:::~Ui~fl m1~UiLLuU~~-L~fllJ 
(Flexure-Shear Failure) 

.., . 
3.2.2 PI~'iI!l1~L.1Y1".'ilU 82s 

~'lfltl1~L~1'Vl~~flU S2s ~~1t1~~ L~1I'1fllJnrj;\~ii"lJ1~ 400 X 400 ~~. "fl~m~ntlflfln 
~f~1flU (hoop ties) LLfl:::L~~ntlflfln~tj~j;\1~"'l1~ (crossties) ~i1"lJ1~L~lJ~1lJ~lJULYi1riU 9 

I t CI' I .... .. ... ", .r..J It .... CJ I 

~~. 1:::tI:::~1~1:::~'l1~ mflntlflflm'Vl1 nu 300 ~~ . 'li~~1fltlfl:::'V'4lJ'Vl~lJ1 j;\ ~"fl~ L ~fl ntlflfln j;\fl eJfl 

I'1ru1:::~~1~1:::tI:::~1~"fl~L~~ntlflflnriu1:::tI:::liI~fJllJUnfl1~~~IiI~fJllJU"fl~L~~ntlflfln"fl~~U1~~ 
'U .. III .... 

L~1 Lyhriu Lyi1riU 0.181% iiri1i~~'~1'111n"fl~L~~n~~1~j;\1~"'l1~ (Iy) Lyi1riu 3050 nn.l 
2 CJ.- ....... I J'..J ~ .... G _ I ~ .J~ 

'li~. ~'llJL ~fl n L~1~ j;\1~tl1'l~fl j;\n~'llJ1:::~'l1~'V'4lJ'Vl~lJ1 j;\~"fl~ L ~fl n L~1~ j;\fl'V'4lJ'Vl'Vl~~~ ~"fl~ 

~U1~~( ASI / Ag %) Lyhriu 3.14% i1ri1i~~'~I'111n"fl~L~~m~1~P11~tl1'l (Iy ) Lyi1riU 5250 
, 

n n ./'li~ . 2 L~tliim1t;ifl'Vl1U L~~m~l~ j;\1~tl1'lViLl'1lJL~1 LUlJ1:::tI::: 600 ~~.ii ri1i~t1 ~tl1:::itl 

I'1fllJnrlJl Lyi1riU 210 nn.l'li~ .2 L~tlfuLLNt1~tlJLLlJ'lLLnlJ Lyi1riU 659.2 nLflil'l~lJ (0.2fcAg) 

LLfl:::iiltlLLuultlLLUU~1'11~~11i1:::~U~~fl m1~u~LLUU~~-L~fllJ (Flexure-Shear Failure) 

3.2.3 ~~'8!h~L.1Y1".'8U 83 

~'lfltl1~L~1'Vl~~flU S3 ~~1t1~~ L~1I'1fllJnrj;\~ii"lJ1~ 400 X 400 ~~ . "fl~L~~ntlflfln 

I .... I I G I .... .. .:lilil ..r.;".... cr 
L'Vl1nU 6 ~~ . 1:::tI:::~1~1:::~'l1~L~flntlflflm'Vl1nU 250 ~~ . 'li~~1fltlfl:::'V'4lJ'Vl~lJ1j;\~"fl~L~fln 

tlflfl n t;ifl eJfll'1 ru1:::~~1~ 1:::tI :::~1~"fl~ m~ n 1.1 flfl n riu 1:::tI:::1iI ~ f'llJU n fl1~ ~~1iI ~ fJllJU"fl~ L ~~ ntlflfl n 
" 'II 'U ~ tJ 
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'1It),rWU1~c;lL~1 Lvi1n1J 0.098% iln1i~~'c;lfl11n'1l'il~L~~m~l~m~'1I'l1~ (fy ) Lvi1n1J 3035 

2 ../. ..... .....,../. I J'.,J " .., ...... , or...J!:. 
nn ./'!!~ . l'l'lt.!L~~ n L~ 1~ (;l1~tl1'l~t) (;l11l'l'lt.!1::;~'l1~~t.!Vl~t.!1 (;lc;l'1lt)~ L~~ n L~1~ lJIt)~t.!VlVl~~~ c;l 

'1It)~~U1~c;l( Ast / Ag %) Lvi1n1J 3.14% iln1i~~'c;lflnn'1lt)~L~~m~l~1Jl1~tl1'l (fy ) Lvi1n1J 

5250 n n ./'!!~ . 2 
Lc;ltlhlil n11j;Jt)Vl11J L~~ m~l~ lJI1~tl1'l~Lflt.!L~1 iln1i~flc;lU1::;itlfl'ilt.!n1lJ1 

Lvi1n1J 210 nn./,!!~ . 2 Lc;ltl11JLLNflc;lLt.!LLt.!'lLLnt.! Lvi1n1J 659.2 m~U'l~t.! (0.2 fc Ag) LL~::;il 

~LL1J1JlULL1J1J~fl1c;l~1r.t::;~1J~~t) n11~1J~LL1J1J~c;l-L~t)t.! (Flexure-Shear Failure) 

~ ~ 

n11LLU1~t.!Lmtl1J L Yltl1J ~'lt)th~Vl c;l~t)1J";~ 3 tift.! iJ m1LLU1~t.!Lmtl1J L Yltl1J ~~;'j 

1. Lmtl1JLYltl1Jn11j;Jt)Vl11JL~~m~l~lJI1~tl1'lLc;ltl~'lt)th~Vlc;l~t)1J S1 LUt.!~'lt)th~ 

Vl c;l~t)1J~'Wilm1j;Jt)Vl11J Lmtl1J L Yltl1J n1J ~'lt)th~Vl c;l~'il1J S2s ~il m 1j;J'ilVl11J~Lflt.!L~1 ~'l tl1::;tI::; 

600 ~~. ~~'1It.!1 c;lU~::;1::;tI::;"h~'1It)~ L~~ n L~l~(;l1~'1I'l1~~~~t)~ ~'lt)th~Vl c;l~t)1J Lvi1nt.! Lc;ltl 
I 

I I CI'" I'" cr _ I .. .. 

1::;tI::;~1~1::;~'l1~L~~mM~LVl1n1J 300 ~~. LL~::;'1It.!1c;l'1lt)~L~~mM~1Jl1~'1I'l1~LVl1n1J 9 ~~ . '!!~ 

LUt.!lU(;l1~~1lJ11l1t.! AC1318-05 

n~1~~Hf L ~~m~l~ 1Jl1~'1I'l1~'1It.!1c;l 9 ~~. ~~ LUt.!'1It.!1 c;l~H'nt.!~'lluLLj;Jil1::;tI::;"h~1::;~~1~ L~~ n 

L~l~ 300 ~~. il1t)tI~::;~t.!~~U1~c;l'1lt)~L~~nU~t)nj;Jt)~~flru1::;~~1~1::;tI::;"h~'1I'il~L~~nU~t)n 
OJ 

n1J1::;tI::;r.tc;l flit.!tJ n~1~~~r.t c;lflit.!tJ'1It)~ L ~~nu~t)n'1l'il~~U1 ~ c;l L~1 Lvi1n1J 0.181 % Lmtl1J LYltl1Jn1J 
~ ti q ~ 

.., I ~ L"" ... ..." J'.,J"... .. .1 
lJI'lt)tl1~Vlc;l~t)1J S3 '!!~r.t::; '!!L~~m~1~'1It.!1c;l 6 ~~. LL~::;r.t::;~1t)tI~::;~t.!Vl~t.!11Jlc;l'1lt)~L~~nu~t)n 

j;Jt) ~~ flru1::;~~1~ 1::;tI::;"h~'1It)~ L ~~ nU~t)n n1J1::;tI::;r.t c;l flit.!tJn~1~ ~~r.t c;l flit.!tJ'1It)~ L ~~ nu~t) n'1lt)~ 
" ~ " q " 

" .... I ... .. .. ~ CI......I .c ~ .... t 

~t.!1lJ1c;lL~1 LVl1n1J 0.098% ,!!~~c;lu1~1ruL~~m~1~~~u1::;~1ruI"lN~t.!~r.t1nlJl'lt)tl1~Vlc;l~t)1J S1 

LLj;J1::;tI::;1::;~~1~m~m~l~~c;l~~~'lti Lc;ltlil1::;tI::;lA1~Lvi1n1J 250 ~~. 11t1~::;L~tlc;lL~~m~l~1Jl1~ 
~ 

'1I'l1~";~~~c;lLut.!lUlJI1~ ~11Jl1S1t.! ACI 318-05 U~::;~1lJ11l1t.! 'l.~.Vl . 1007 -34 1Jl1~~1~1J 



S1 

350 

L~1 

0.2 

",J. M 'fl(;J11l'l'JU _n_ 

a-V n 

1.16 

S2s 

210 

0.40 ~. 

0.40 ~. 

1.50 ~ . 

3.75 

16-0B20 

3.14% 

5250 (nn./(;J1. '!I~.) 

3-RB9@300 

0.181% 

3050 

(nn./(;J1. '!I~.) 

0.2 

1.26 

... 
~ .. 

LLtJtJLil'flU 

S3 

3-RB6@250 

0.098% 

3035 

(nn./(;J1 . '!I~.) 

0.2 

1.49 
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~, 16mm. 

IH+-i+-i+-Hf+-- 16-DB20 

~H+-"*,*H-- 3-RB9 stmJp .300 rrm. 

16 ' ..... . . ' _. ' .. .• ': . - 1 Strong Floor 
~----~~~~~~--~~ 

.---
I--

g 
"" 
§~II 
.~~,-,-.,J 

~ !~ 
- ;U 

, 
= ~ 

~ . - . ,', .- " 
. " ... 

+-Bats • 16 mil\. 

J 
/" 

~ 

!:::::::; 

16-1lI2O 

3-RB9 Stmp 0300 mm. 

B9 8-R 

~ 
"\! 

r-
~ 

Hook staeI 20 mrn. 

IJ :J} St 
= 

HI Pluto 100x700x6 mrn. 

·-1 Strong Floor 

I" 
400 

~ 

-#-
clear coo.ering 

20 nm. 

cIea r coo.ering 
20 nm. 

400 

~ j Z 1/4" 
(+I """,) 

1 

1 
1H)82() 

~ j Z 1/4" 
(+I """,) 
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~. 161M!_ 

,--- /J r--

16-0820 

'>-RIl6 stirrup 0250 mm. 

8-R B9 

II <or---

~ I - - -

8 §+-~ l~r .., 
rlrliVl1 I : 

'---

I~, 
:~ UI l[~: ~ , )H St 
:c:::! == 

Hook staG! ZO mm. 

eel Plate l00x700x6 mm. clear covering 
20 mm. 

~ - - - : - 4 -' _ : . - _. - 4 -.. . .:' . - I Strong Floor 

... 
3.4.1 A'elUn'llJl 

4()O 

f'«: _ 2 1/.· 
(44 l1'/li.) 
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~1~f1Jf)tl'Jn1(;1~'t-n~~tl ~')tlth~ L~1Vl c;,~tl1J~~ 3 tli'un Ltluf)tlun1(;1tJ~~ L~1'"t~ti')tJ 
~ , 
tJ.1~untln~ i11"l1tJ1J~,)LVi1ri1J 10 ± 2.5 i1ri1i~tic;,tl~~itJ (/) Vl't-n'tum~tltlmL1J1J~')tlth~ 

... • 1 ' ... 2 'i' ,..., .... 1 ..J't II 
f)tlUn1(;1l1JVlNn~~1JtlmVl1n1J 21 0 nn.I"lI~. ~c;,mL1J1J~fltl(;1')tltJ1~f)tlUn1(;1l1JVlNn1~1JtlnVl "lI 

'tum~~~tlf)tlUn1(;1~,)tltl1~i1"l1U1c;,L~UehufllUUnfl1~ 15 "lI~. ~~ 30 "lI~. ~~'tUm~Ln1J~')tltl1~ 
~ ~ 

f)tlun1(;1rJftl~Ln1J~')tltl1~UtltJ 3 ~')tltl1~ ~~LL~c;,~m~Ln1J~')tltl1~f)tlun1(;1~~ltl~ 3.4 LLIJl'tUL~1 

~')tltl1~Vl c;,~tl1J S 1 ~i1tJ C\I~1 't um ~f),)1J ~~ ri1 i~ti c;,"lItl~ f)tlun 1(;1 L titl~'"t1 ntJ'"t4'tJIl1tJUtl n~fl1tJ 

tltl1~ ~~vh't~rhi~tic;,"lItl~f)tlun1(;1i11"l1LVi1ri1J 350 nn./"lI~ .2 LLfl~1.~~ttlfhri1i~tic;,"lItl~L~1 

~')tltl1~Vlc;,~tl1Jf)tlun1(;11.r)1uLJn~1~~ 3.1 
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" , , 
p\'Wrrmn~ 20 :W:W.(DB20) H'Lil'WL~~m~1:W(;11:wm')1'W~,)'tlrh,:jYl(;1Ml'IJli,:j 3 ~,)'tlrh,:j ;,:jiJn1~,:jY1 ., 

~(;1~~1nhJi!'tlrJn~1 4000 nn.l'll:w .2 ~,:jiJn1~,:j~~(;1~nn"1J'tl 'H~~m~1:Wj;]1:WrJ1,) (iy ) LVl1n'IJ 

5250 nn.l'll:w .2 L~~nn~:W~,)L1-rJ'lJL~'W~1'Wp\'Wrrm~1,:j 9 :W:W.(RB9) 1'ifLil'WL~~mJ~'tln~f(;1~'tl'IJ ., 

(hoop ties) LL~~L~~mJ~'tln~U(;1j;]1:W"1J,)1,:j (crossties) 1'W~')'tlrJ1,:jYl(;1~'tl'IJ C L9 LL~~ Cs9 LL~~ 

m~nn~:W~,)L1-rJ'lJL~'W~1'Wp\'Wrrn~1,:j 6 :W:W .(RB6) 1.jfLil'WL~~mJ~'tln~f(;1~'tl'IJ (hoop ties) LL~~ ., 

L~~mJ~'tln~U(;1j;]1:W"1J,)1,:j (crossties) 1'W~')'tlrJ1,:jYl(;1~'tl'IJ CL6 ~,:jiJn1~,:j~'"l(;1~~1ni,:j 2 '1I'W1(;1 • 
'bJi!'tlrJn~1 2400 nn .l'll:w.2 ~,:jiJn1~,:j~'"l(;1~~1n"1J'tl,:jm~m~1:Wj;]1:W"1J,)1,:j (f. ) LVl1n'IJ 3035 nn .l • y 

'lI:w .2 t(;1rJU1~,)'tlrJ1,:j L~~ n L~1:wYJ n'1l'W1 (;1 hJYl (;1~'tl'IJ~1 ~ru~:w~ (;]1'11 L'll'W ~hn1~,:jf'IJLLN ~,:j~' (;1 

~~1n rl1n1~,:jf'IJLL~,:j ~,:j1.h~~rJ rl1 t:W(;1~~U (;1~rJ'W"lI'tl,:j m~ m~1:w Lil'W~'W ~,:j'"l~LL~(;1,:j ~,)'tlrJ1,:j n1~ ., . 

_. , I'" ,. 



36 

" I " 

m-:;LL'Vln mJ'~ Lf'l1'el'l~f'I'elt.ln1(;1't'l..lJ':;'VI~1 ,:m1J'L'Vl L(?luhJiJmJ'L~unJ U'hu(?l'el'eln U(?l'l'el i'.ll-J~'1mJ' 
OJ 

'" I I '" • II 

m (?If'll1'"1 (?l ~'el ~'el'l LL ~'1 LLNl1'1..lf'l'l 't 'I..lmJ'~'1 L'VI~ n L~1-l-J 't 'I..lL~l n'el'l..lL'Vl f'I'el 'I..ln1 (;1 l1Yl'l..l~'el'liJ1~ LL1J1J'.ll'1 • 
" I 

J''el'l n'el'l..l LL~:;n'el'l..lmJ'lh:;n'el1J LL1J1J'VIrl'el f'I'el'l..ln1(;1 L;r 1 ~1'1..l;r1'1~'el'l L~l ~1 LU'l..l~'el'l'Vl1'1~1l1'1..ll1Cj'.l 

~'el'l LL1J1J'VIrl'el n'el'l..lL~l-J'el L ~'eli1'el'l rl'l..l~ (?l~'el'l f'I'el'l..ln 1(;1 rl1J LL1J1J'VIrl'el f'I'el'l..ln 1(;1 ~'1 't 'I..lm nh:;n'el1J LL1J1J 

I " " 

'VIrl'el f'I'el'l..ln1(;1 ~1'1..l;r1'1'"1:;~'el'liJ mJ'(;1J''.l'"l~'el1J~11~LL 'I..l'.l ~'1V1'1 4 ~1'1..l L(?lU mJ'~lU'l..l't ,"LL~'1 LLN hi't '" 

Ln (?l m J'Lf'I ~'el'l..l ~ ~1'1..l;r 1'11~ 't 'I..ln n)j~ LL1J1J'VI rl'eliJ J'¥'.l 'VI1'el-rl'el'l~ 1'1 ~'el'lVi 1 n1J''el (?lJ'¥'.l 't '" L1U1J~'elU 
OJ • OJ 
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, " , 
~1~fUn1~L[;i~m.J ~,)'tlth~ L~IYl'"l:;tJll.Jl'Vl ~~'tlU1 'IJ~I'IJ";)r.rtln L1'l.J'"l1 n n1~L(;11-mJ L~~ n 

L~1'l.J~'"l:;.yh ~')'tlth~'Vl ~~'tlU~~~l.J ~ 1 ~ '"WU tl')'IJ '"l1 n,r'IJYlI n1~~ ~ L ~~ n L~1'l.J (;11l.J ~:;t1:;~ t1f'tl~ n1 ~ 

LL~:;Ylln1~~ n L~~n L~1'l.J t~t1 L1l.J'"l1 n ~ n L~~ n L~1'l.J~ ~1'IJ~1 nn'tl'IJ LL~,) L1l.J~'lJL~~ nU'IJLL~:;L~~n 
'IJ 'IJ.a 

, " 
tl~'tln LiJ 'tlYl 1 n1~~n L~~ n L~1'l.J'1n t1f'tl~ (;11l.J LLUULL~,) '"llm!'lJtJl L~~ n L~1'l.J1 'lJL~1 ~')'tlth~l.Jl,)l~ 1 'IJ 

'IJ 'IJ 

~1 LL ~~~~ L(;11-t1l.J It)L~t1 ~'tl~ 1~ LLUU~~'lJL ~'tli1'tl~ n'IJ hJ1 ~ ~'tl'IJn 1-(;1 ~ ~ nU~'IJ~1 'IJ ~'tl~tllju~ n1 ~ 

t~t1~:;~~ 1~ L ~~ n L~1'l.J nu 1~ LLUUij n1 ~~'tl~ ~')t1 ~ n ~'tl'IJn 1-(;1 n'tl'IJ 
'IJ 

" " , .,0 .c:lIt.CV cv.q q cr ~ crdl 
'"l1 n'IJ'IJ'Vl1 n1~(;1 ~ (;1~ Ln'"l,) ~ ~,)Il.J L~~t1 ~ (strain gages) 'Vl L ~~m~~l.J LL~:;L~~ntl'IJ(;11l.J 

~ILm~~[;]1~1~~LL~~~1'IJltl~ 3.7 ~~ ltl~ 3.12 t~t1~'IJ(;1'tl'IJn1~~~~~Ln"'lr)~~,)Il.JL~1-t1~ij 
~~[;]'tlltl~ 

, " 
"lJ'tl~ L~~ni'tl~'tltl'tl'tln 1 'lJU1'L,) ruYl'"l:;YlI n1~~ ~ ~~ Ln'"lr) ~ ~,)Il.J L~1-t1 ~ 

2. H'm:;~I'M'Vlntl"llil~~:;L~t1 ~i ~~') L~~n L~1'l.J~'"l:;~ ~ Ln'"lr) ~ ~,)Il.J L~1-t1 ~ 1 ~ !StlU 

3. Yll ~,)Il.J~:;'tl1 ~U1'L,) ru~'"l:;~ ~ Ln"'lr) ~~,)Il.J L~1-t1 ~~')t1~I~'tl:;~t(;1'IJ (acetone) 

4. 1-ifn1')1"lltJ1t'IJ'tl:;~1-L~(;1 (Cyano-Acrylate Adhesive) "llil~ CC-33A ~~'tl Kyowa 'Vll 
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5. '"llmr~vlln1~~(;1Ln'"l.r"HO)'JI2-JLf·"~t1(;1~\l1J~~'mwt.l\l~~'el\ln1~ t(;1t1HLLeJ~Yl~I~I~nn(;1 

V11J Ln'"l.r(;1 I"1'JI2-J LI"11-t1 (;1Hth:;2-JIrL.l 20 ';)~IVh~'elHn1'JLL~\l~'J 

6 . ~2-JLn'"l.r(;11"1'JI2-JLI"11-t1(;1~'Jm'Y1tJn~~ILL~:;n~n~:;LL'V1n Vinyl Mastic Tape (VM Tape) , 

L~'eli:l'el\l n~I"1'JI2-J L~m.ntl1 ~~:;~~I\l L'Y1 I"1'el~n1-(;l 

L~'el~ (;1 ~\l Ln'"l.r (;1 I"1'JI2-J LI"11-t1 (;11J~L~~ n L~12-J L~~'"l LL~'J vll n1~tJ~:;n'el1J LL1J1J~~'el ~1~.jfI\l 

"jJ'el\ltil~nn LL~'JL'Y11"1'el~n1-(;l~~I~nnri'el~ t(;1t1~'el\lnn1~~ltr~L~~n~~~~nHLL~'JL~'eli:l'el\ln~ 
~ ~ ~ 

I " "'" I 

~1~.jfI\l t(;1t1~(;11~~\ll"1\l~ltr~1~LL~\lLLN ~~\l'"lln,r~vlln1~~(;1~\li1'el(;lViH~I~f1J~(;1n1J~'JLYl~1 

L~~n~~-wI~Lij~"'l(;1~'el~~~ (hinge) 



I I 
;.m " Lateral Lood 

< :> 

I~I *~2 - - 143 *~~ 

131 *32 - - 133 *3~ 

121 *22 - - 123 *2~ - - - - - - - -

--- -- -----
111 *12 -- -- 113 *14 

r// // // // h '// // // // // // // // // // // //// //// 

1:0 <I . 
<I 

d " 1 
.. 

141 143 
., 0 0 0 Q 

o 
I) 0 0 0 Q 

'42 '44 

Strian gage LoYeI 4-

131 #33 
I) 0 0 0 Q 

o 

I) 0 0 0 a 

'32 '34 

Slrian gage Lavel 3 

#21 m 
p 0 0 0 Q 

o 0 

o o 

o 

I) 0 0 0 CI 

m 124 
Strian gage Lavel 2 

III 

I) 0 0 0 Q 

o 0 

o 0 

I) 0 0 0 Q 

112 '14 
Strion gage Love I 1 

Strong Floor 
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I I 
.,II IL 

Lateral Load 

<: :> IJ2R 

St rion gage Lovel ;3 

121L 

Stn (J n <J09iI Lovel J 

122R 

Str ion gage Lovel 2 

Stn on me Lovel 2 

Str ion goge Love! I EEl 
#12R 

- - - - - St 

I I 
rian gage Lovel 1 

r '/ // // // // // // // // // // // // // // // ///LL/L:, 'j 

1<3 

q 

<1 . 
<1 

Strong Floor 



I I I~I 1~3 
.n .n III 0 0 0 CI 

oterol Load L 0 

:> <. o 
I) 0 0 0 Q 

'42 '44 
Strion goge LaYel 4-

IJI 133 
" 0 

0 0 CI 

0 0 

0 

0 

II 0 0 0 CI 

'32 '34 

Strian gage Lavel 3 

14-1 142 - #43 N4-4-
121 #23 

III 0 0 0 Q 

o 0 

I 0 

131 132 - #33 N34-

121 122 - 123 N24-
~ - - -
--- -- - ----

111 112 -- 113 N14-

r// g // g ~ // // // // // // g g // // // // // g //J 

16 .. « . ; "." I .. 4 

o 

Ell 0 0 0 Q 

m ,24-
Strian gage Lovel 2 

11 1 113 

II 0 0 0 CI 

o o 

o 0 

o 0 

I) 0 0 0 Q 

112 ,14-
Strion gage Lovel 1 

Strong Floor 

41 
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I I 
Lateral Load 

:> < EE 
#J2R 

SI rio n gage Lavel ;5 

Stri on gage Love 1 J EE 
#22R 

St rion qage Love! 2 

Str ion gage Lovel 2 

Stri on <Jo<Je Lovel 1 EE 
#12R 

. - s I I trion gage Love! 1 

I. j/ // // // // // // //L'LL'L/L/L/L/L/LLLL'L/LLL'& j 

I~ <1 . . . ... ; . I . . 
Strong Floor 



I I 
.... 

oterol Load 

:> 

#41 N42 - - #4J II.I. 

#31 NJ2 - nJ IJI. 

#21 N22 - #2J 121. 
- - - - - - -

----- - ----
#11 N12 -- -- #13 #11. 

[// // // // a // // // // // // // // // // // // // // //J 

Iii 4 · 
<1 

., " J 
.. 

I~I 143 
I) 0 0 0 CI 

o 
II) 0 0 0 a 

'42 '44 

Stria n gage Lavel 4-

131 #33 
II 0 0 0 a 

ID 0 0 0 Q 

'32 '34 

Strian goge Lovel 3 

121 123 
I) 0 00<1 

o 

o 

o 

., 0 0 0 Q 

m 12~ 

Strion goge Lovel 2 

III 113 
I) 0 0 0 a 

o o 

o 0 

o 0 

I) 0 0 0 (I 

'12 '14 

Strion goge Lovel 1 

Strong Floor 

43 
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I I ,.... 

Loteral Load 

> EE 
#J2R 

Stria n goge Lavel .3 

EE 
on CJoCJe Lovel J 

Stria 
Stri 

#22R 

n gage Lovel 2 

Stn 

'on CJoCJe Lovel 2 

'on g(Jge Lovel 1 

Stri 

83 
#12R 

Stria n gage Lovel 1 - - - - -

I I 

1// // // // // // // // // // // // // // // // // // // /- J 

I~ .. <T . : .. J .. Strong Floor 
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1 'Wi'W[;J~'Wn 1 ~'VlIn~~U~"'l :;~fiU1£J~'1 n1 ~~ In ~'1 L~1 ~'J~rJ1'1'VlIn~~unu~'W~1 'W 

~~'1Ulj~ n1 ~LL~ :;tf1lN;]~ LL~'1'VlIn~~U~1 ~ LLN~ In [;J1lJ LL'W'J LLn'W ~fin1~~ ~ ~'1 LL~:; ~1 LL 'WW'l'1l~'1 
Lf1I1~'1;:j~tJlnn1nf1l~~'W~LLuuhHh (Linear Variable Displacement Transducer , LVDT) 

~fin1~LnU;]~~~ 1 'W~:;'Vd1'1 n1~'VlIn~~utln£J1.jf Data Logger i'W[;J~'Wn1~1 ~ LLNm:;vh ~1'W.;r1'1 
LLUUtJ{)4' mnu L~1 ~'J~rJ1'1'VlIn~~U tln£J~ LL~'1~ In 1 'WLL'W'J LLn'Wf1I'I~[;J~~Inn1~'VlIn~~U tln£J"'l:;~1 ~U 

0-

1'Wn1~~1 LU'Wn1~~'1i1 
" , , 

1. ~1n~'1LYl~1L'VI~nYivh'VIii1YhiJ'W'1In(;]muJ'W (hinge) U'Wtr'JL~1L~ 1 f11~'Wn1[;J 

Rndian WoII 

"" >-
2. ';hn1~~~~'1~'J~rJ1'1'VlIn~~unuYl'W1'W~~'1ulj~n1~ LL(;]m~'VlIn~~ui1hj~~'1Vl1n1~ 

Lf1I~ ~'WU 1£J ~1 LL 'VI'll'l'1l ~'1 Lf1I1~'11 ~ LLN ~1 'W;] 1'1 (Actuator) ~'1~1 LiJ'Wtll~'14' ~Vl1 LL vl'W 
>-

f1I~'Wn1[;J ~~'1 ~'J~rJ1'1'VlIn~~U "'l1 mr'Wufu~:;~u'1l~'1 L~1 ~'J'flth'l'VlIn~~ut tn~ LL 'W'J 

'" .'-' 
~, 

.J 
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, 
Q. lid IV I '" I "0 .... I 

~:;'W1lJ LL~:;LL 'W'J I?!\l LL~'JU I?! r;J'J'tltl1\lYlI?!~'tllJ l?!'JtlLLYl\l L~~ n n1~\l~\l1:J1'W~1'W~'tl\l 6 'ill?! 
OJ... • 

bl?!Ui1 2 'ill?! ~n1~~I?!~'JU~fi~I?!LL~\l bl?!tILLlJlJ41~'tl\ln1~YlI?!~'tllJ'il:;LL~I?!\l1'WnJ~ 3.13 
• OJ ., 

LL~:;~'J'tlt.l1\l n1 ~~ I?! ~\l L~1 ~'J'tlt.l1\lYlI?!~'tllJ L;h nlJ bI"lN-if'tl LL ;j\lYlI?!~'tllJ (Test Frame) 

L~'tlvhn1~Yl(;1~'tllJ LL~I?!\l1'WltJ~ 3.14 

, ., 

Cross Beam 

Linear Roller System 

Axial Load Jack 

Hinge Connection 

Actuator 

Test Frame 

Column Specimen 

High Strength 

Anchored Bolt 

High Strength 

Anchored Bolt 

ltJY1 3.14 ~'J'tlt.l1\ln1~~I?!~\lL~1~'J'tlt.l1\lYlI?!~'tllJnlJbI"lN-if'tlLL;j\lYlI?!~'tllJ (Test Frame) 
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I Q..',4 '" .c.l.QJ' I 

(We:JmJ'Ukl'VI nJ''fltl LL(;1 nn'J'VI Ln ~"IJklJ':::'Vf'J1..:J mJ''VI (;1~'flU 

4 . ~ ~~..:J LL~ LLN (Hydraulic Jack) LLuuhHh~ LLN~ ~ 1 klLLkl'J LLnkl nui'J L~1 ~'J'flth..:J 

~'flkln1(;1 t~t1'"l:::~'fl..:J'J1..:J'fltJ~ ~1 LL 'Vf\!..:J~..:J n~1..:J"IJ'fl..:Ji'J L~1 ~'J'fltJ1..:Jl-«trJ\~..:J~'fl..:J LLnkl 
'lJ 

" , 
LL~ ~..:JmJ'~~~..:JLL~ LLJ'..:JLLuuhHhukli'J L~1 ~'J'fltJ1..:J ~..:JJ't1Vi 3.13 

'lJ 

Lateral L.ood 

• • 
• 0 00 

• • 

Test frame 

Specimen 

Base-Concrete 

• • • • 
00 

00 

• • 

II I I I 'I 

5. -rh mJ'~ ~~..:J L~1'fl..:Jil'fl~ ~m J'L~~'flklVi LLUuhHh t~t1 ~ mJ'lI..:Jil'fl (;1 LYi'flm ~nu ~'J'fltJ1..:J 

'VI ~~'flU LL~:::{ ~"r11J1kl{ (;1 L~1'fl..:Jil'fl~ ~ mH~~'flkl~ LLUuhHh ~ ~1LL'Vf\!..:J (;]1..:J1 LLUU 



!! 

§ 

j;! 

~ 

~ 

~ 

~ 
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h,:j n1~~(;l~,:j L~i~'el,:jiJ'el1' (;ln1~L,",~'ellJ~ LL1J1JL ... Hh 1lJ~:::"v1~1,:j n1~Yl (;l~'el1J LL~ (;l,:j ~,:jlU~ 

3. 14 LL~:::~1LL"v1oJ,:j~:::tJ ::: n1~~(;l~,:jL,",i'el,:jiJ'el1'(;ln1n,",~'ellJ~LL1J1JL~Vh(;l1~lU~ 3.15 

LVDT 10 

Lateral Load 
-------- - --

<: > LVDT 1 
@ I 

------------

-- . t . / . LV01 

(Uneo' Vorioole Dfspiocemem Trans<lt.eef ~) 

LVDT 2 , 

~ ~ lVOT 22 
LVDT 18 

LVDT 3 , 

LVOT 17 

~ ~~ ~ lVDT 21 
7)( 'v 

LVDT 4 

?l 7<' ~ lVOT 20 'I' ~ 

LVOT 6 
~ ~~ 

LVOT 9 
LVDT 5 

LVOT 15 ~ ~ LVDT 19 

VOT7 

SPECIMEN 

LVDT 8 

DIAL GAUGE 
BASE CONCRETE 

DIAL GAUGE 

1JOO 

I "" I I I 

lU~ 3. 16 ~1LL"v1oJ,:j~ ::: tJ ::: n1~~(;l~,:jL'"'1'el,:jiJ'el1'(;ln1n'"'~'ellJ~LL1J1JL~vh 
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6. j;]'e) L~11'e)--l iJ 'e) r) (;1 W) J' LI"1 ~ 'e) 'W~ LL U tAyHh Ln"'l r) (;11"1') 1l-J LI"11-U (;1"l! il (;1~1-n ~ 1"~~ fu r) (;1 

1"1')1l-J LI"11-U (;1U'WLVI~ n L~1l-J J',)l-J ~--l~ '1J '1J1 ruLLN ~'Wl ~.yh"'ll n LI"11'e)--l1 ~ LLN ~1'Wifl--l 

(Actuator) nu Data Logger LLUU Data Acquisition Unit L~~lLnuif'e)~~~l~'lJ'WI(;1 

n'lJ''Vl(;1~'e)ULL~:::LI"11'e)--l1.l-Jbl"1J'I"1'e)l-J~,)LI'l'e)f PC (Personal Computer) L~'e)ftJ';i'e)l-J~~ 
" 

l~"'lln Data Logger l-JIL~'e)'th'W~IJ':::VI~I--ln'lJ''Vl(;1~'e)ULL~:::u'WVim.J~n'lJ''Vl(;1~'e)U 

7. n'lJ''Vl (;1~'e)UL~Ir;i')'e)th--l "'l:::~1 Lil'Wn'lJ'b(;1U ~l-J1 ~LLN'el(;1I'lIl-J LL'W,) LLn'W~i1~IV1~n 1"1--l~ 
..-

I'l ~'e) (;1 n 1 J''Vl (;1 ~'e)U VI ~ --l "'l1 n ~ 'W"'l:::1 ~ LLJ'--l 'Vl1--l ~ 1 'Wif 1--l LLUUr){)4' n J'n J':::Vi 1 n U L~ 1 

r;i')mh--l'Vl (;1~'e)U b(;1U n'lJ'I"1,)U 1"1l-J n 1 J'1 ~ LLN n J':::ViI ~1'Wif 1--l"'l :::1, n 1 J'1"1,)U 1"1l-JJ':::U::: 
q q 

.J .c::J" '" Q..<' Q..' I 4 
LI"1 ~'il'W'Vl (;11'W'lJI--l'lJ'e)--lVl,) L~ 11'l,)'e)U 1--l'Vl (;1~'e)U (Displacement Control)"l!--l LL~ (;1--l 

" . , 
th:::~ n 1 J'fUUIV1~n'lI'e)--l L~1 r;i')'e)th--l'Vl (;1~'e)U b(;1U n 1 J'1"1,)U 1"1l-JJ':::U :::n'lJ'LI"1~'e)'WV1'11'e)--l 

q 

dIUlui'WI'l'e)'Wn'lJ' 1 ~ LLNm:::,yh ~1'Wifl--l J''e)U LLI'l n h')~ ~ ~ n J'J'l-J j;]1--l1~ Ln (;1~'WJ',)l-J~--l 
u'WVi m.J~J':::VI~I--l n'lJ''Vl (;1~'e)Ub(;1U~:::L~U (;1 L'll'W n'lJ'LI"1~'e)'W~ ~1'Wifl--l'lJ'e)--l L~1 r;i')'e)th--l 

"'lIn LVDT , Ln"'lr)(;1I"1,)Il-JLI"11-u(;11'WLVI~m~1l-J, J''e)mLl'lnh') , ~~~mJ'l-Jn'lJ'';)u~ 

LU'W~'W 

Loading scheme 

.. , , 
• I , • 

6 ...•.. ; ........... ; ... : ... ~ ... : .. ...; ... : .. ~ ... : ...... ~ .. ~ ... ; ... : ..... ~...; ... : .. ~ ...... ~ ...•.. , .. ! .. 
• • , , " I." " " " •• 

5 ... ~ .. ; ........... ~ ... ~ ... ~ ..• : ...... ; ... ~ .. ~ ... : ...... : ... ~ .. . : ... : ..... ; ... : ... ~ .. ~ .... ~ .. ' .~ .•.. 
f , • , I , • I 

4 ... ~ .. ~ .......... . . j ... ~.--~ ... ; .. - -'-~-"~"j"'j'" ... ~ .. j ... ! ... ~ .... j .. j .. ;.~ ....... " 
3 ... ~ .. ~ ........... ~ ... ~ ... ~ ... : ...... ~ ... ~ .. ~ ... : ...... ; .. ~ .. ; .. ~ ... ~ .. ; . .: .~ ", 

" • I", , • , , 
I I I , " '" I ,,' I I I , 

2 ---:--.~- •. _0- -- ---~---~---\._--:--- ---~---~ -~ --~ -- --: --: -f __ , __ .J - --

?j1 
;;;- 0 

, . 

Ci -1 ... : ... ~ .. : .. ~ ..... ; ... ~ ... ~. ; .... ~. ~. ' .. '. . 
• , I , , 

-2 ---i---1---t---(- ---1---~---i----l--- ---~---~- ~-- t-- -
-3 ··.;.··:···t···~·· ... j ... ~ ... ~ ... !"- " ' :--'~"j"'j'" 

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

, " 

-4 ...•..• - .. ; ... ; .... -~ ... : ...•.. ~ ... «";"';'" ... ;- .. j"'j ... ! .... ~ .. :--
-5 ... ~ ..•. --:.-.~ .. "+--~"':-"j'" ... ~.+++-- .. -:-.+.! ... ~ ..... ~ ... ! ... ~ .. ~ .... :";- :'- ;" 
-6 .... ~ .. j ... j.--! ... -.j ... :-.. ~ ... j ...... ! ... ~ .. ~.-.: ... ·-·~-·~··-!···t··· '-j"'j"':"~'" "':"'~"i" j" 
~L-~~~~~~~-L~~~~~~~~~~~ __ ~~~~ 

o 5 10 15 20 25 30 

NLmber of cycles 



50 

8. IjLr1~I:;~e.J~~1~fOllnm~Y1t9l~'el1JL'W"''e:mJDmim~ -wIL~'W'ele.J~m~Y1t9l~'el1J 

9. ~~'I.J e.J~ m~Y1 t9l~'el1J~1~fOll n m~Y1 t9l~'el1JL 'W"''el--l'I.JDmi mn1.n£J1J LVl£J1J n1J e.J~fOll n 

I I '" I 

fOlln,r'Jif'elVl 3.2 'elfi1JlmnmL~Ir1'el'Wn11'111--l 3 ~'W Vlij'il'WIt9l 400 X 400 ~.u.J. 'iI'el--lL,"~n 

'I.J~'eln~ft9l~'el1J (hoop ties) LL~:;L,"~n'I.J~'eln~Ut9lI'1I~'iI'JI--l (crossties) I'1I~m~lru~I~t9l'il'el--l 

~11'1~~I'W AC1318-05 ~ij"ll'W1 t9l L~'W~I'WPI'WuL'Yl1n1J 9 ~~. ~:;£J:;'lAI--l~:;,"~I--l L,"~ n'I.J~'elm'Yl1 n1J 
~ ~ 

, '" , 
'I.J~'el m'Yl1n1J 250 ~~. ;--lij~'el£J~:;Yl'WVl,"ill~ t9l'il'el--l L '"~ n'I.J~'eln (;]'tle.J~ r1ru~:;,"~I--l~:;£J:;'lAI--l'il'el--l 

~ 

'" I '" I '" 

"1!~. 2 ~'J'WL,"~ n L~1~ I'1I~m'Jij.a 1'I~1 ~'J'W~:;,"~I--lYl'WVl,"ill ~ t9l'il'el--l L,"~ n L~1~ (;]'elYl'WVll1--l,"~ t9l"ll'el--l 

,"ill~t9l(A'I/Ag %) L'Yl1n1J 3.14% LL~t9l--l~ILL,"l.l--l"ll'el--lL,"~m~1~I'II~m'J~--ll'I.J~ 3.18 ijnl~--l~ 

't9lr1nn'il'el--lm~m~1~1'I1~£JI'J (iy ) L'Yl1n1J 5250 nn'/"1!~. 2 Lt9l£Jhjijm~(;]'elY111JL,"~m~1~ 

I'1I~m'J~Lr1'WL~1 ijnl~--l.at9l'I.J~:;~£Jr1'el'Wn11'1 L'Yl1n1J 350 nn./"1!~. 2 LL~:; 210 nn./"1!~. 2 Lt9l£Jf1J 

LLN.at9lL'WLL'W'JLLn'W(0.2 I"A ) L'Yl1n1J 1098.7 iiL~U'J~'W LL~:;659.2 iiL~U'J~'W ij~'l.JLL1J1J~'l.JLL1J1J~ J c g ~ ~ 

r11t9l~lfOl:;ljmi~'el m~ljmiLL1J1J~(;H~'el'W (Flexure-Shear Failure) Lt9l£JfjfOll~rulfOllnjDl1L~L~'W(;] 

~t9l (Mn) fOlln,"~nm~~LL~t9l--l1'Wl'I.J~ 3.19 Lt9l£J1"11LLN~t9lfOl:;~I'W'Jru1~fOlln Mn ~--l1"11 Mn 
a 

1~~lfOlln m~~I'W'J ru Lt9l£J L'I.J~LLm~ Respones-2000 Lm£J1J LVl£J1Jn1J1"11 LLN L~'el'W~fOll n~ l'I~m~ 
~ 



• • • 
• 
• 
• 
• • • 

o o ...-

• 
• 
• 
• 
• 

• 

• 

• • 

• • 

en • .....;. ~ 
0 

~ 0 

• 0 
N 

• 
• 
• 

nJ~ 3.18 bb~(?I\I~')'!.n.l\l"lJ'el\lb~~m~1a.J(;]1a.JtI'l') 
'" 

Cc = 0.003 

I- ~ I 

• • Cb 

• 
-----

• 
• 

• • 
"" bbtJ'WJl1Yi ~,)1a.J b~~tJ (?I 

In 
0 
cO 
N 

VcAC1318_0S =O.17 7bd[1+~] ; (MPa) , . -Vic 14A 
g 
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S 
to 
n 

O.8St 

H 

{ c1 

Cc 
c2 

N.A. 
- -7; 

- -T 2 

--7; 

bbtJ'WJl1YibbN 

(3.1 ) 

(3.2) 



~ ,J 0 ............:::1 q 

bi1ltlYl Vc , AC / 3 18 -05 = n"l~'l~tJLLNL'U'tl'W"ll'tl'lf'l'tl'\..ln~j;J 

s 

fc '= ih~'lftJLLN~i1IU~:;~tI"ll'tl'lf'l'tl'Wn1j;J 

d = f'l'J1),J~nu~:;~Ylfi~~"ll'tl'l~i(1~i1IL~1 

Nu = LL~'l~i1Ij;J1),JLL'W'JLLn'W ff1Ltl'W~'l1""ijrhLyhritJ 0 

A = 1 ~1~ftJ f'l'tl'Wn1j;J'*'JLU (normal weight) 

= O. ~1~ftJ f'l'tl'Wn1j;J),J'J~LtJ1 (light weight) 

Avi yhd 
V, = --'---

s 

52 

(3.3) 

(3.4) 
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Vn ,ACI -05 

Vn,Ft.NfA-273 Vn,FEMA-273 

Vn ,Moehle. I 999 

S1 257 281 438 202 305 

S2s 217 210 313 130 237 

S3 217 178 280 98 203 

.. 
Mn 

Mn Mn 
Mn Expected 'l!'elL~1 

a v,. ,FEMA-273 aVn FEMA-273 

aV" ,ACI-05 a Vn,Moehle. I 999 ~'J'elth'l 
(kl' = I) (kl' = 0) 

Failure Mode 

S1 0.92 0.59 1.27 0.85 Flexure-shear 

S2s 1.03 0.69 1.67 0.92 Flexure-shear 

S3 1.22 0.77 2.21 1.07 Flexure-shear 

iJ1-L'Jru~~1~~fjn~(;l ~'1'"l1n~l-.Jn1~~ 2.2 ~'1~l-.Jn1~~ 2.9 ~1l-.J1~mL~~'1~:;t1:;n1~tri'lL~'el'l'"l1m.J~ 

"lI'f)'1LL~'1~~1.Ji' ~'1LL~~'11'l.!(;l1~1'1~ 3.4 

, 5 ; Park & Priestley 5 ; Paulay LL~:; Priestley .. .." 

51; (lp = O.Sh) 'l!'el L~1 (;l'J'eltl1'1 I I 

(1987) (1992) 

S1 24 21 23 

S2s 44 34 40 

S3 44 34 40 
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I I I " 

~1n,.r'd;rf)Yl 2.1.4 ~ C;}~1 ri c;,1:::[J:::LR~'f)U~'JYl~1l1'J:::nlJ'~Uii tJI'J[JU1trt!nU11Yln1l'f)~ L~1 • 

I " I I I 

Vilil (;)':jUii ~,)tI'W1V1,rnU~:j"Vl n 1 \lLL\l') ~'l'lJ'el'l Lfl1Vi L~tlVl1tl Lil'el\l1il1 n LLN L~'el\l (VI i\l Iil 1 n Ln (;) n1 ~rl~1 n • • 

" , , 
Ln(;)n1~':jUiitl1Un'V1n l\lLL\l') LLn\l 1~1il1nfl~n1~Vi 2.19 LL~:;LLfl(;)\le.J~n1~~1\l')ruIil1nfl~n1~Vi • 

n1~Lrl~'el\l~ ~ Ln (;)n1~':jUii~1U~~'V1 n 1 \lLL\l') LLn\l~ rl1 (;)~11il:;Ln(;);\l • 
~'fl Lfl1 j;J,)'flU1\1 ( .<'I) 4 I + (tan BY 

L ana,= 100 [s) tan Bs +P 
A,,/yndc tan Bs 

81 0.5 % 

82s 0.7 % 

83 0.4 % 

!'.. cv 11 o...".d .c=J", '" 
1 \l'lJ\ll11'el\ln1nhu LLn e.J~ n1~'V1 (;)fl'elU LL~:;n1~rl1\l,) ru'ell1111 n1~~'fltl~:;Lrl~'el\l'V1 (;11\l'lJ1\1 

1il1 n e.J~ n1~'V1 (;)fl'flUelil:;'elflU1tl ~\I n 1~':j Lrll1:;'!.f e.J~~1~1il1 n n 1 ~'V1 (;)fl'elU ~\l1 \l~:;VI~1\1 n1 ~'V1 (;) fl'elU 

LLuut3'{]{m~\I~1 LtI\l~'el\lufuLLn e.J~ n1~'V1 (;)fl'elU ri'el\l~Iil:;tll'ii'el~~ 1m Lrll1:;'!.f e.J~ n1~'V1 (;1fl'elU LL~:; 

n1 ~~1\l,) ru'tl111~1 n1 ~~'eltl~:; Lrl~'el\l~ ~1\l;r 1\1 L ~'el~fl1~1H1V11 rl,)1~~~~\lfi~:;VI~1\1 LL~\I n ~:;l11 

tl CV

., - - - - It 3.8.1 n1'i 'i'll un n1'iLfI~'!IU'VIL U'!l~1Cf1 n n1'iL~'!I,atl~ u~::n1'i"'~U"ll'!l~11U'i1 n 

1 \ln1~'V1 (;)fl'eluIl1tl1~ LLN m:;l11 ~1\l;r1'l LLuut3'{]{ n ~1il1 n L rl1'el \11 '"" LLN m::l11 ~\I L ~'el\l1il1 n 

1 \ln1 ~'V1 (;)fl'eluiJ n1 ~,)1\1 Lfl1 ~,)'elth\l'V1 (;)fl'elUU\l fi1\lrl'el\ln1(;1 ~'el\l fu L ~'el1 ,",,~:;tl:;rl,)1~ fl'l'lJ'el\l Lfl1 
~ ~ 

~,)'elrJ1\1 iJ rl,)1~fl\l~\I~::tl::Lrl1'el\ll ,""LL~\I n~::l11'V11\1 ~1\l;r1\1 ~\I~\ll \l~:;VI~1\1 n1~'V1 (;)fl'elUmliliJ e.J~ 
~ 
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" I 

"1l'fJ-:J b~1 ~'J'fJu1-:J'!!'Wil rhVlhl Cln ~'fJ-:J t;]1~'il1-:J L(?)tJ ~'fJ-:Jiln1J'uflmn'il~nJ'~vh L(?)tJ,J1J'~tJ~n1J' 
'IJ 

I II II I 

~'J'tl U1-:J b~1 Vl l' (?) 1~ l1-:Jt1 ti1'Wb~ 1 ~'J'fJU1-:J'Vl (?)~'fJU'fJ1 'il bn (?) n 1 J'VI~'W~'J"lI'fJ-:J ti1'W ~-l n1 J'VI~'W 
rJJI q cI.I <III 

~'J'fJU1-:J~1'Wt!'W 'il~v111 ,xJ'~tJ~n1J'bf'l~'fJ'W~"1l'fJ-:J b~1 ~'J'fJU1-:J bn (?) f'l'J1~~ (?)YH'l1 (?)hl ~n ~'fJ-:J ~-:J 

~1 btl'W~'fJ-:Jil mJ'ufu bbn L(?)tJ m J'~1'W'J ruVl1J'~tJ~m nf'l~'fJ'W~'Vl1-:J ~1'W.;r1-:J~ bn (?)'il1 n mJ'VI~'W"1l'tl-:J • 

~1'W~'J'fJU1-:J'Vl (?)~'fJU'il1 n f'l'J1~i~~'Wfi'Vl1-:J f'l rut;] f111~ t;]fbb~'Jv11 m J'~U'fJ'fJ n'il1 nJ'~tJ ~mJ'bf'l~'fJ'W~ 
oJ 

"1l'fJ-:J~-:J J'~UU~ bn (?);'WU'WoX'J b~1 ~'J'tlU1-:J'Vl (?)~'fJU ;'1 J'u~ 3.20 bb~ (?)-:JJl1ViuJ'~n'fJU n1 J'ufu bbn 

F - -, 

1- _., 

I 

I---+----_+_ - - ~ 
I 
I 

F 

- .... -.. 

'IJ 

--- -, , 
I , 
I I , I , I , , , , 

I , , , , , , , , , 
I I , , , , 
• , 

I 

'"-

--- ... 
'. j 

~real = ~record - X I - X 2 

F -

, , , 
I , , , 

J 

I 
I 

I 

..::tI .cJ", 1I ~ '1.J4J' 
x I = J'~tJ~mnf'l~'fJ'W'Vl (?) 1 'W"1l 1'1 b'W'tl-l'il1 n mJ' ~Cl~'Vl bn (?)"1l'W 

...l ..I" " ...l ..I .... J' x 2 = J'~tJ:::mnf'l~'fJ'W'Vl (?) 1 'W"1l 1'1 b'W'fJ-:JmJ'VI~'W'VlLn(?)"1l'W • 

(3.5) 

(3.6) 
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I 

o ..... .."" 3.8.2 n1'iFl1'U 'J tu'el t;l'i1 n1'iLFI~'el'U'VI t;l1'U'II1.:J (%drift) 
I I I I II 

n1nrl~'fl'WYl'V11~~1'W-if1~Yltlnn1~~~nLL~::;~~n~tJL(;1t1Lrl1'fl~1~LLN~1'W-if1~,r'WtlnnTvl'W(;1 
~ ~ 

L(;1t1 Lrl1'fl~'\.nJ1t1 + VI~1t1 ti~ LLN'V11~ ~1'W-if1~~ ~ ~ ni'.l L~1 ~'.l'flth~'V1 (;1~'fltJ1 ~ Lrl~'fl'W~'fl'fl n hJ 

Vi P1'V11~ ~1'W~'fl~ (;IN-if1~ntJ Lrl1'fl~1 ~ LLN~1'W-if1~ (Actuator) LL~::;Lrl1'fl~VI~1t1 - VI~1t1ti~ LLN 

n ~::;Vl1'V11~ ~1'W-if1~~~~i'.l L~1 ~'.l'flf.h~'V1 (;1~'fltJ Lrl~'fl'W~ n~tJ~ 1Vi P1'V11~ ~1'W~ Lrl1'fl~ 1 ~LLN ~1'W-if1~ 

'fltl L(;1t1 fOi1~~~ (;11 'Wn1~Lrl~'fl'W~ ~1'W-if1~"'l::;rl'.ltJ rl~ ~'.ltl~ (;l~1~'fltl~::;n1 nrl~'fl'W~ ~1'W-if1~ (%drift) cu qJ q q 

~~Vl11~"'l1n~~n1~~ 3.7 LL~::;~1~1~tlVl1rl'.l1~~~~'Wfi~::;VI')1~LLNnm::;Vl1'V11~~1'W-if1~ntJ~(;ln 

~'fltl~::;n1~Lrl~'fl'W~~1'W-if1~1~"'l1n fOi1LLNm:;Vl1'V11~~1'W-if1~~~~(;1,j'W~nl~ntJfOi1~~~(;1"I1'fl~~(;ln 

g 

H 

cu q cu cu 

(3 .7) 

VI~~ 1~i1 mnJt'tJ LLn ~ ~ n1 ~'V1 (;1 ~'fltJ"'l1 n ~~ m ~'V1 (;1~'fltJ 1 'W~h'Wm ~~1'W'.l run 1~L~tlnJ 
~ 

~ , 
~1'W-if 1~"'l1 n ~ ~ m ~'V1 (;1~'fltJih::;'flfitJ1 tI ti~ n1 ~';j Lrln::;'\.f ~~Yll~"'l1 n m ~'V1 (;1~'fltJ m ~~1'W'.l rum ~ 

L~tI nJ ~1 'W-if1~"'l1 n ~~ n1~'V1 (;1~'fltJ "'l1 n Lrl1'fl~;J'flr) (;1 n1~Lrl~'fl'W~ LLtJtJl yJYl1~ tl n ~ (;1 ~~ L -if1 L~1 '" ~ 
'" I I .... 

~'.l'fltl1~~~VI~ (;1 ~1~1~tl~1~1 ~1'W'.l ruVl1~::;tI::;mnrl~'fl'WYl L~tlnJhJ~~VI~ (;1"I1'fl~ L~1 ~'.l'fltl1~ 
~ 
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, , " 
LL~ :::~:::tJ::: n 1 ~LI"l~ 'fl'W~'J"l1 n ~'fltJ [;]'fl LI"l ~'fl'W 'LlfltJ L 'W~'J 'Wtl"l:::n ~ 1'J ~'I ':Jfin 1 ~~1'W'J ru'Vl1 ~:::tJ:::n 1 ~ 

, " 
~1",fu ~1'W'J run1n~mU LLUU'LA''I ~Ifl LU'fl'l"l1 n LLN ~(;nr'W ~1~1~~ ~1'W'J ru"l1n n1~LL1J'I 

" , " 
"ll'J'I1"l'J1~tJ1'J L~ 1'fl'fl n LtI'W"'~1tJ~'J'W"1J'fl'l m1~ 'LA''IVI ~1 LL",tl'lLIfl1 "l1 mr'W~1'W'Jru"'1 ~~~m~'W 

Lti'fl'l"l1nLLN ~Ifl (Bf ) 'LlfltJn1~~1 ~~ [;]1'1 rhn1nl"l~'fl'W~t3' Ifl 'LlflmI"l1'fl'lil'flt3'Ifln1~LI"l~'fl'W~LLUU 
'" I '" '" 

1 Yh~ 1~'fl'l~'WVI ~ Ifl ~'I~::: ~U L~tJ'J n'W ~:::"'~1'1-n'W"1J'fl'l n ~~ n1 ~~1'W'J ru~1"'1 ~~'J tJ ~:::tJ:::L 'WLL 'W'J nu • 
I I I "" II I 

~'YIfi"fJ'fl'l LI"l1'fl'lil'flt3' Ifl n1nl"l~'fl'WVI LLuu1 ~yhY;'I~'fl'l~'WL 'W'YI n-n'W"fJ'fl'l n ~~ n1~~1'W'J ru ~'I'fl1"l LL~ Ifl'l • • • 

" , 
"'~'I"l1 n~ 1 rh ~ ~ 1"l'J1~ 'LA''IL 'WLL[;]~ :::-n'W"fJ'fl'l n ~~ n1~~1'W'J ru ~1"'1~~'JtJ ~:::tJ:::L 'WLL'W'J ~'I • • 

" II I I 

~1flt!'Wl"lrunUI"l'J1~~'I~'YIfi"fJ'fl'lLL[;]~:::-n'W"fJ'fl'ln~~n1~~1'W'Jru LL~Ifl'lL'W~~n1~V1 3.8 LL~::: ~~n1~V1 
ClJ III q q 

3.9 

F 

(J r-...... 
e 

Ie e Lv 

lOOm 
/ -- ;- ~ 

7 m 1- --------- , 
- - 1 t--

'"""' 
1 

~ 
1 

: 6 1 
- - 1 ~ '-: 1 

1 - --------- _1 4 m 

- -
I ~ 

'"""' 2 100mm 



t~tJ~ <p = ~1~1rl'J1l.Jt~'l~~(Curvature) 

Bf = ~1~l.J~Ln~~1nn1J'rl'J1l.Jt~'l~~ 
!J.J; = J':;tJ:;n1J'Lrl~'el'W~LU~mJLLU~NhJ 

'" Lh = rl'J1l.Jn~1'l LL 'W'Jnu~'Vlfi"lJ'el'l LL(;]'Cl:;i'W"lJ'el'l n~l.Jn1J'~1'W'J C\..! 
, '" 

L = rl'J1l.J~'lLL'W'J~'l~'Vlfi"lJ'el'l LL(;]'Cl:;i'W"lJ'el'ln~l.Jn1J'~1'W'JC\..! v llJ l1li q 
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(3.8) 

(3.9) 

L ;j'el'l~1 n n1 J'L~ tJlU LLUUJ''tltJ (;]'el Lrl~'el'W Ln ~~1 n1 J'Lrl~'el'W~'J J':;~1'lJ''eltJ (;]'tl L~'ell.J"lJ'tl'l L~ 1 

~'J'eltJ 1'l'Vl ~~'elUrlU~1'Wrl'el'Wn~(;1 ;'lYi1L'-" Ln ~n1J'~l.J'W~'W ~'l Lil'Wt.J'ClL '-"Ln ~J':;tJ:;n1 J'Lrl~'tl'W~'J 
~ , 

I '" I I I 

L"''el'l~1 n n1J'~l.J'W;j ,J1~n1J'Lrl~'el'W~'JVii'J L~1~'J'eltJ1'l~1m'eltJ(;]'elL~'ell.Jrl'W( &-) ~1~~U~1'W'J C\..! , " 

I I I I • I II I " 

~1 n1J'Lrl~'el'WVi Vi~ ~ t~tJ Lrl1'el'lil'el~ ~n1 J'Lrl~'el'WVi LLUU'1. yJYl1~'el'l:n'WVi~~ ~'lLn~ rlU ~1'W"lJ'tl'l L~1 
~ 



F 

H 

I ~ 

I 

/ 
I 

I 

/ 

• 

I 

/ 

• 

" ......... 
t ' .. ---

I -------~."__.::a 

An horag~ ip 

---
/ 

/ 
t 

• 
I 

t 
I 

I , 
/ 

• • 
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.lS ipl e;:ip----._. 
-~~--~~~-~--.-.~~ .lS -pl 

: - -}--+--- -- -- - -- -- -- -+I -: / 
-~~ ______ ~~~ ________ LL~ ______ _, 

t1.s 

t1. Slip i 

, , 
'- - - - - - - - - - - - - - -' 

() = t1. Slip I + t1. Slip 2 

Slip L 
h 

= l"i'lrhl"1')'l2_JL~'l~(;) ( Curvature) 

= 1"i'l2_J2_J~Ln(;)~'lnn'lJ'I"1')'l2_JL~'l~(;) • 
= J':;t1:;I"1')'l2_J~'lL~'l~'Vlfi 

= J':;t1:;n'lJ'LI"1~'el'W~ LU~tI'I..lLLU~'l hJ 

(3. 10) 

(3.11 ) 
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3.8.3 n1'i~1'U'Hlm1'iLi!.l'itJ u'U'U L~'el'U ... 

n1n~tlnJLL1JlJ L~'tl'W(Shear deformation) Ltl (;l'"l1 nLLJ''1 L~'tl'W~lJ1 m-:::vh '"l:::iJ~ n~n.l::: ., 

J''tl tI LL(;l n ¥1 'J L tI 'W L~ 'W Y1::: LLti '1lJ lJ ~ 'W 1 'Wf11.J LL 'W'J n 1 J'1 '" LLN m-dh Y1 1'1 ~l'l 'W if 1'1 ~'tl'l L~ 1 ~ 'J mh 'I , 

Y1 (;l~'tl1.J J':::tI:::n'lnl"l~'tl'W~'J LLl.Jl.J L~'tl'W,r'WiJ 1"l'J1lJ J''WLLJ''1lJ1 n ~'1~1lJ1J'rJ1' (;lLJi''"l1 n LI"l~'tl'l~'tl1' (;l n'lJ' , 
I I II I II II I 

LI"l~'tl'WVi LLl.Jl.JL yjyh~'tl'l:n'WVi ~ (;l ~'11 'WLLt;i~ :::i'W~'tl'l n ~lJ n1J'~1'W'J n.l ''1 n'l J'~1'W'J n.l~1lJlJ~lJ'Wn'l J' , , , 

v. !::::: Ll shear I 
1-

COS Oshear 

v. !::::: Ll shear 2 
2 -

COS O shear 

r !::::: Ll .<;hearl 
1-

Lg • cos Oshear 

11 
r :::: Shear 2 

2 -
Lg . COS 0 shear 

(3.12) 

(3.13) 

(3.14) 

(3.15) 

(3.16) 



r 
v 
° shear 

F 

300mm. 

300mm. 

tOOmm. 

= 

= 

= 

r = ~Shearl + ~Shear 2 
2 . L, . . cos O shear 

~~\n.J'W~Lnl"lmn~m'ULti'el-:l~1nLLNL~'el'W .. " 
I ~ 

n 1 ~L~tJ ~U L il'el-:l~ 1 n LLN L ~'el'W"1l'el-:l LL[;]~:;-n'Wm ~~1'W,) ru 
'lJ 

~ 
11 ~ I ..... I 0 = 1"),)1~ n':l1-:l LL'W,)~1'lJ~'Vlfi"ll'el-:l LL(;1~:;"ll'W"ll'el-:l n~~ m~1")1'W,) ru . . 

, ., 
= 1"),)1 ~ ~-:l LL 'W,) ~-:l~'Vlfi"ll'el-:l LL[;]~ :;-n'W"ll'el-:l n~~ m ~~1'W,) ru 

---
I 
I 
I 

'lJ' • 
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(3.17) 

(3.18) 

/' 
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t~um~b~unl b~'t.l'liOlln bbN b~'t.l'lJ~ bn ~;U"lJ't.l'l b~1 ~'J't.ltJl'1'Vl~~'t.lU~'1'\UJ ~ ~1 HliOll n 
'U 

~ ~ 

~ ~~'JlJ"1I't.l'l m n~u nJ bbUU b~'t.lUt Ubb(;]~ :;iu"1l't.l'l mllJ m ~~IU'J ru ~'JlJ nul'i'l~lJ ~ ~'1 bb~ ~'1t U 
, .... 

~lJm~'Vl 3.19 

'U • 

(3.19) 

, ~ 

I tV IV cv I <IIi::Irt. II 11 .dI .Q~'" 0 cv 

~:;~'Jl'1m~'Vl~~'t.lUbbUU'J!JiOln~"1l't.l'lb~I[;l'J't.lm'liOllnmn~lJ[;lUbb[;ln~I'JiOlUCl'lm~'JU[;l~'JUU1~un 

U~~'VlniOllmb~'1 tiilJ~'J'I • 

" e:h~~ii 1"1l't.l'l b~1 i"l't.lun1[;l b~1-lJ b~~ n i"l'J IlJ~llJl~Cl ~IUbbN ~'1"lJ't.l'l b~IJl1ut~Jll~:;m ~fUUl 

u~~'YJntubbU'JbbnUbb~:;tlJLlJU~~~llJl~ClU~:;lJlruHlb'Vhnu 0.7/l ~'1 / ; ~'t.lr11wJ'Junl~'1 
~~"1l't.l'l i"l't.lun1[;l bb~:;bn't.li"l'JllJ~llJl~Cl ~IU'VllUbbN ~'1"lJ't.l'l b~1 ~'J't.ltJl'1il r11 t~uU~:;lJlrub'Vhnu 

0.7 /It U~:;~~I'1m~'Vl~~'t.lu t(;1mn't.lil~'t.lmb[;ln~I'J btlulubn~;UiOl:;~nUUl1mtlu'(;1L~lJ ~u 

bi"l~'t.lU~'Vll'1~IUil'1 ru iOl~i"l~lniOllniOl~~m~nuufUbbN~'1b~Ubb~milJi"l~ln (8 . , 1
st 

steel 
q q y , 

it I I I 

yielding) fjfiilbbU:;Ult~U Xiao and Yun (2002) bb~:;tJ'I~llJl~Cl~Ir11~:;t1:;mni"l~'t.luYiYiiOl~ • 

, '" '" 
iOlln,~YibbNn~:;Yil'Vll'1~IUil'1ilr11lJln~~ fjfiilbbU:;Ult~U Priestly (1992) iOlln'l!u~lm~u 
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'" I I I I I 

"lJ\lI'\.Jfl1J LLn\l~'I 'hJ~ I'l rl1J LLn\ln1~Lf1I~'fl\lYi r$l1 \l;]1 'I ~'fl ~:::tI:::n1 ~Lf1I~'fl\lYi'V11'1 r$l1\l;]I'1Yi~ I'l f1In n ( 

tSy ) tl'ltllU~ 3.24 LL~I'l'l';jfin1~'\ .. nrllf11'JI~LVli1mtl'ltln1~U~:::~lnJn1~!Wtl1J~\l'tl'lr$lI\l;]I'1 

Efas fo-plas fie 

--r-~ . _Ac~ual 
Mn " Fn 

.... c: 
Q./ 
E 
~ I I 

I I 

¢y ¢y t/Ju 
Curvature. ¢ 

(0) Moment- Curv.ature 

~y 6v 
Displacement. fj, 

(bJ Force - Deflection 

lOll n~IV1,rn1J~~'V1 n 1 \lLL\l'J LLn\l1r$l LVI~ n L~l'~~'1 Ln I'l n1~ tn'l LI'lI::: 1 \ln1~ tn'l LI'lI:::Ln I'llOll n n1~~:::~~ • 
, '" 

f1I'Jl~ Lf1I1t1 I'l 1 \lLVI~ n L~l'~ l?Il~tI1'J :D'IrJ (;'tlOll n n1~~ I'l~'I LnlOlrJ I'l f1I'Jl~ Lf1I1t1 I'l 1 \l~1 LL VI'!..l'll?ll~tI1'J"lJ'fl'l 

L VI~ n L~l'~ tl'ltl n1 ~ tn'l LI'l1 :::IOl::: Ln I'l~\lL~ 'fl LnlOlrJ I'l f1I'Jl ~ Lf1I1t1 I'lrJ I'l rl11r$l rll f1I,)l~ Lf1I1t1 I'l~ I'l~'I 
" 

~1 n LL~ LLl?I n ~1'1 rl1Jnnll~il n1~~'fl'V111J LVI~ n L~l'~ l?Il~tI1,)~'I'flI1OllOl:::Ln I'l tn'l L(;'tI:::n'tl\lrllV1\l(;'t n1~ 

tn'l L(;'t1 :::"lJ'fl'l L VI~ n L~l'~ l?Il~tI1') 

~ "" .., '" 3.1 0.4 n1'l~ru L1t!lFl11~j;'I1'\.!'VI1'\.!j;'I1'\.!"lI1.:J ... .. 
n1~~ ry L~tI f1I,)l~ tlfl\l'V11\lr$lI\l;]I'11Ol:::rl1V1\ll'l tl'ltl~ I'l~'I 20% "lJ'fl'l LLN n~:::vh r$l1 \l;]1 'I 

'" '" '" ~'I~ I'l t(;'ttl n1~L~tllU LL~:::f1I'Jl~ LL~'I LLNIOl:::~ mJ\lVi n 1.)1 \li\ll?l'tl\li1n 'fl\l LU\loi\ltlf\l 
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- ---... ,. ..., 'i'''' • 3.1 0.5 nl'i'l'l..J~~'l!l'Ull11'Un'l..J'i'i'VIn~lnlJ.'i':u. 'lUJ tl'l.:J • 
~ ~ 

1 'WJ'::;~~ 1-:J n 1 J''Vl ~~'eliJ-W'WL~1 fil'el'Wn1(;lij n 1 J'fiJ,J 1~-WniJJ'J''Vl n 1 '\..!LL 'W'J LLn'W t~tJvh n1 J' • . ~ 

'Vl ~~'eliJhJ'"l'W~-:J'"l ~~ L~1 fil'el'Wn1(;lhJ~I~IJ'(1fiJ'UI~-WniJJ'J''Vln 1 'WLL'W'J LLn'W1~ '"l::;~'"lIJ'ruI1,"LtI'W • • 

~1 LL ~'Il-:J~ Ln ~ n1 J'fj~ ~'JtJ~I~-WniJJ'J'~ n'"ll n LLN t tJ~ r;)'J-:J L~'el t~ L~'WJ?1~ ~~1~ Ln ~'"l1 n ~~"lJ'el-:J 
~ILL~'Il-:JLLN~~1'WLL'W'JLLn'W (P- A effect) ~lnn~lt~L~'WJ?1.;rI-:J~I'W.;rI-:J~L~lfiJ1~ ;-:JL~I'"l::hl 

~1 ~1 J'(1fiJ~I~-WniJ J'J''Vl n 1 'WLL 'W'J LLn'W 1~ t~tJ n 1 J'(;l J''J'"l ~'eliJ~1 L~1 hl ~1~1 J'(1Vi 1n1J'fiJ LLN 1~~ n • . ~ ~ 

1 '" ~~n L~1 hJ'VlI-:JVj fl\iJ'J mL~::;~..:I n~iJ~I'VlI-:JVj fI\~iJ ~..:I L~1 hl~I~IJ'(1fiJ'UI~-WniJJ'J''Vl n 1~ .;r'el~LtI'W • 
... "'" I 

~'Jtl..:l:nLL~::;~'el~1 ~ILL~'Il..:l~ n1J'fj~ ~'JtJ,JI~-WniJJ'J''Vln'"llmLNttJ~r;)'J..:I LL~::;U'W~ n.;r'el~~ LiJ'el . ~ 



"'" tJ'VI'VI 4 

" , " 
LLNm:;vi1 LLuu~!J4'm L(11t19:;1~'tlfiu1t1n'lC.J~mj'Vl(11t'l'tlUI1l1'11 ~'1i1 'V'i~~mj').J 1111'11 vhn(11~t..!j':;\.d1'1 

, " 
m j'Vl (11 t'l 'tl U"IJ 'tl'l1Pl 'l mh'l ttl LLUU j''tl tI LL(;l n 11 'l VI Ln (11 ~ t..! LL t'l (11'1 i:J ~ m j'Vl (11 t'l 'tlU 1 t..!ltl LLU U"IJ 'tl'l n n yJ 

fl'l1l-J~l-J~t..!fiI1l1'111~ uri fl'lll-J~l-J~t..!fij':;~~l'1 UN m:;vi1Vl1'1 ~1t..!if1'1 flU mnfl~'tlt..!~Vl1'1~1t..!if1'1 

fl'lll-J t'l1l-J1 j'n 1 t..!m j't'l~ 1t1'V'i ~'1'11t..!LL ~:;rl 1 fl 'l1l-J L ~i1t1'l "IJ 'tl'lIPl'l'tl £11'1 Vl (11 t'l'tlU fl 'l1l-J ~l-J~t..!ih:;~~ 1'1 

Ll-J Ll-Jt..!~~ n j':;vi 1 flU rl1 fl 'lll-JLA'I fl'lll-J~l-J~t..!fij':;~~l'1 UN n j':;vi1Vl1'1 ~lt..!if 1'1 flU m j' Ltl~t1t..!ltl 

Lti'tl'l91 n UN L~'tlt..! fl'lll-J~l-J~t..!ih:;~~l'1 rl1 fl'lll-J Lfl1t1 (1111..Am~ n Lt'l1l-J (;l1l-JtI1'l LL~:; m~ n Lt'l1l-JVl1'1 

"IJ'll'1flU uNm:;vi1~1t..!if1'1 1..A'tl n91mrt..!U'l1~ LmtiU LVltlU n'l i:J~"IJ'tl'lilll-J1ruL~~ n Lt'l1l-J(;l1l-J"IJ'l1'1 ~n 

lwX'lif'tln9:;U1 Lt'lt..!'tl 'V'i ~~nnl-Ji'l1tl~~'1 Ln (;l1~ 1..Aj':;~~1'1 mj'Vl(11t'l'tlU Lt'll fl'tl1..An1(;lJl1t11~ 
LL N m:;vi 1 LLUU~!J4' m"IJ'tl'l UI1l ~:; 1Pl'l 'tl £1 1 '1Vl (11 t'l'tlU j':; ~U fl'lll-J L~ t1~1 til t..!LLI1l ~:;tl (;l n m j' Lfl ~'tl t..!1Pl'l 

~1t..!if1'1I1l'tlfl'l1l-J~'1"IJ'tl'l Lt'll 'tl'l ~tlj':;n'tlu"IJ'tl'lmn~t1ltl~ Ln(1191n LLN ~ (11 91 m'tltll1l'tl Lfl~'tl1..ALL~:;LLN 

L~'tl1..A rl1 fl'lll-J LA'I~ Ln (11 (;l1l-J m1l-J~'1"IJ'tl'l Lt'l11Pl'l'tl£11'1Vl (11t'l'tlU 'V'i~~mj'l-J"IJ'tl'lIPl'l'tl£11'1Vl (11t'l'tlU ri'tl1..ALL~:; 

~~'1 LLNm:;vi1 ~11..Aif1'1~'1~ (11 ttl LLUU mj'')u~ ~1 LL ml'l LL~:;j':;t1:;fl'l1l-J~'191 n Lfl1..ALt'll~ Ln(11mj'Lri'l 

L(111:;~ Ln (11~1..A i:J ~"IJ'tl'l LLNtl(11 (;l1l-J LL 1..A'l LLn1..A~vi11~ri1~'1 ~1t..!Vl11..A Ll-J Ll-J1..A~ ~ (11"IJ'tl'lWlJ11Pl (11~ (11fN (PI:! 

effect) LL~:::j':::t1:::mj'Lfl~'tlt..!~l1..ALL1..A'l unt..!"IJ'tl'l Lt'll 1Pl'l'tl£1 1'1 ~1 LLWW'lmj'')~ Lti'tl'l91 nJ1~,rnUj'j'Vln , 

11..A91nLLNLUl-Jn'l'l (gravity load collapse) 
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'"llnn1~Vl(;)~'tlUYlU~IL~I[;]')'tlth'l'YW)~'tlU S1 ih~tI~n1~Lf'l~'tl'W[;],)~I'W;h'l~m~nL~1l-JL~'W 

LL~nLn(;)n1~f'l~ln L'Yl1nu 15.50 l-Jl-J. ~'el(;)nn1~Lf'l~'tl'W~~I'W;rl'11h~l-Jlru 1.00% 11i'tlf'l,)Il-J~'1 i1 
, , , 

~~tI~n1nf'l~'tl'W[;],)~I'W;rl'1Y1'"l(;)f'lnn (75% secant approach) L'Yl1nu 13.25l-Jl-J. Y1't1~jlnlj • 
Lf'l~'tl'W~~I'W;rl'11h~l-Jlru 0.9% 11i'tlf'l,)Il-J~'1 LL~~LLNm~lil~I'W;rl'1~'(;)f'ljln L'Yl1nu 131.2 iiL~ 

il') [;]'W L(;) tI~i1 j~tI~n1 jLf'l ~'tl'W111,) ~ 1'W;rl'1 ~'1 ~ (;) L'Yl1 nu 63.31 l-Jl-J . ~'el ~jl n 1 nf'l ~'tl 'W~ ~1'W;r 1'1 ... , 

90.3 
, 

LLNm~lil~I'W;rl'1Y1'"l(;)f'ljln (P ) • y 131 .2 

283.9 

(kN) 
, 

LLj'lnj~lil~I'W;rl'1Y1~(;)~'1 0.8 P max (POrn ) 227.1 

135.5 

196.8 

(kN-m) 425.9 

340.7 

1.88(0.125%) 

15.50(1.00%) 

13.25(0.90%) 

" " (;)1'W"lIl'1, 21.75 (1.45%) 

l-Jl-J.(%drift) j~tI ~n1 jLf'l~'tl'W[;]')~~ qj L~ tI f'l,)Il-J!1f I'WVll'W~I'W;rl'1 
.... .J 

'Vij'tlVl O.8P ma.< (8m ) 

29.95 (2.0%) 

63.31 (4.0%) 
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~'l fl'J 1l-l ~ l-l;~\ .. lif1::"'~ 1'l ~'5 tI f'l:: n 1 nfl ~'il'U~l'W-n 1'l'lJ'5'l fl'J 1l-l ~'l flU LL 1'l n 1::vhYl1'l ~ 1'U-n1'l 

'lJ'il'l L~l LL~ (;1'l1'UlU~ 4.1 YlU~l J;]'J'5£h'l L~lfl'5'Un1(;l'lllii LLUU L~'5'U L(;1t11'U"ll'J'l LL1n L~liJ~~~ L'U~~'l 

Ld'ilYl(;1~'ilu(i'l nlnfl~'5'UJ;]'J ~1'Uif1'l rhU1::l-l1n..l 1.50% 'lJ'5'l fl'J1l-l~'l '"l::1~rh LLNm::'ri1~1'Uif1'l 
II II I , , 

~'l~(;1LVhflU 283.9 nLf'lil'JJ;]'U LLf'l::",ft'l'"llmr'U1.11mrnYim::'ri1~1'Uif1'l L1'l-lf'l(;1 f'l'l'ilt11'l L1'J en'lLn(;1nl1 
'IJ , 

Lri'l L(;11::~'l~'Ul-l1'"llnj1'Ufl'5'Un1(;l 600 l-ll-l. L(;1t1Yl ~~m1l-l'lJ'tl'l L~1J;]'J'tlt11'lhJrl'tltl1).j L~ nmJl1Yll-l1 n 

un ~'l1::tJ:: Lfl~'5'UJ;]'J ~1'Uif1'l~(;1~'l Lvh flU 63 .31 l-ll-l . ~ n1nfl~'5'UJ;]'J ~1'Uif1'l rl1U1::l-l1n..l 4.00% 
, 'IJ 

'lJ'tl'l fl'J1l-l ~'l (;l f'l'5 (;1'"l'UL~l Ln (;1 nl 1'lllii~l'ULLN LLf'l ::tl'Utl'U(;lntl Lrt'tl'l'"ll n LU'Unl 1'lllii LLUU L ~'il'U ~'l 

LL~(;1'l1'UlU~ 4.2 

300 

200 

- 100 
Z 
~ 

Q.I 0 u ... 
0 -IV -100 ... 
Q.I .. 
IV 
-' 

-200 

-300 

-5.00 -4.00 -3.00 -2.00 -1.00 0 .00 1.00 2.00 3.00 4.00 5.00 

lateral drift (%) 

1U~ 4 . 1 fl'J1l-l~l-l~'U1f1::"'~1'l~'5t1f'l::nl nfl~'5'U~1'Uif1'l'lJ'tl'l fl'J1l-l~'l flU LLN m::'ri1Yl1'l 
'IJ 'IJ 
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" I " I I I 

LU,'n'l'l LL:i'm.r'WYllJ~l:i''elti LL(;1n~l'lV1 Ln~~'Whh.J1m.rn t~t1 (h,J L~'W:i''elti LL(;1n~l'lV1n1n~~'el'WlJl'l 

~l'W;rl'liJ,",lth:;~..n ru 0.25% 'lI'el'l ~'l1~ ~'l iJ~ n1!tru:; d:l'WL~'W(;1 N'lI'll'l fllJ L~l LL~:;'"l:;iJ:i''elmL(;1 n~l'l .. 
"I I "I , 

~1 n~'W(;11~:i':;t1 :;n1n~ ~'tl'W1Jl'l ~l'W;rl'l :i''eltl LL(;1 n~l'lV1iJ~ n1!tru:; dj'WL~'WYl LLtI'l'"l:; Ln ~~'WV1 n1n~~'tl'W 
, ., 

1Jl'l~1'W;rl'l,",11.h:;~lru 0.75% 'lI'tl'lml~~-l '"l:;Li'~Ln~n1nH~~i'el'WLiI'W~'WL~n1 'lI'el-l~'tl'Wn1(;1 

i'el'W~lJrL'lrut~'WL~l n1n~~'el'W1Jl'l~1'W;rl-l,",1t1:i':;~lru2.00% 'lI'tl'l~'l1~~-l iJn1nn~~iJ'lI'Wl~L"'rY 

LL~:;~'el'Wn1(;1",~~i'el'W'el'el n~l LiI'Wrl'el'W t~t1~ ~'tl'Wn1(;1"'~ ~i'el'W'"l'W~~ L~'Wm~n L~r~L'WL~l ~'tl'Wn1(;1 , , 
I" I I 

LL~:;n1:i''''~ ~ i'tl'W'lI'el'l ~'tl'Wn1(;1'"l:; L~~~l n~'W(;11~:i':;t1:;n1n~~'el'W1Jl'l ~l'W;rl'l t~t1'"l ~V1 Ln ~ m~n L~r~ • • 
I" I I 

(;11~ LL'W'ltl1'l Ln~n1:i'';j~~n1!tru:;tri'l L~l:; Ln'el-l'"llmJ.1WWnlJ:i':i'Yln V1n1n~~'el'WlJl'l~l'W;rl'l 2.00% • 
'lJ'el'l~'l1~~-l ~-l~'el'Wn1(;1~iA'eltl~ L"'~n L~r~L'WL~l Ln~n1:i'';j~ LL(;1n'el'eln Lti'el'l'"llnn1:i't.J~n LL~:;~-ln~lJ 

., 
L'W~n1!tru:;n1:i'L,xLLN LLlJlJ.r!)9m LL~:; L~l ~'tl'Wn1(;1 L~r~ m~ n hj~1~1:i'ClflJ'W1WWnlJ:i':i'lln 
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58.51 
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(%) 
(%) (%) 

24.75 0.46 83.87 

24.75 1.14 82.11 

24.36 2.23 84.66 

23.97 3.31 78.96 

24.94 5.40 78.97 

20.49 13.71 83.63 

8.70 22.01 90.32 

5.80 32.96 97.96 
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Lateral Drift (%) 

, , " 
XtlV1 4.3 f)'l1l-J~l-J~'Wfi~~~~1'ln1n~l-J~'W'll'tl'ln1n~uxtl~1'W;r1'l1'WlllPl'tl'l~tl~~ntl1Jn1J~'tlU 
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1'\.HL'W,)~_l1~~n~n1~LIil~'tl'W(;],)'~i'1'Wifl _l 4.00% 'lJ'tl_lIil,)I~~-l L~t1f;l l n_l~ 4.2 LL~~_ln_l'tl_lI"11.h::;n'tlu 

'lJ'tl _l n1 ~ L~t1ltl~ Ln ~'"I1 n LIil~'tl'W(;]') ~1'Wifl_l'"l1 n LLN ~ ~, '"I 1 m'tltl j;J'tl Llil ~'tl'WLL'(l::;'"I1 n LLN L~'tl'W ; _l 
, ., 

~ 1~l nn!f1Iil,)I~~~~'Wfi~::;vd l_ln1~L~~~'W'lJ'tl_ln1~L~t1ltl~I'Wifl _l1'WLLj;J'tl_ll"1tl~::;n'tlUnU~tltl'(l::;'t1f;ln 

n1nlil ~ tl'W~~I'Wifl _l ~_l LL~ ~-ll'Wltl~ 4.3 ;-lltl~ ::; ~U 1il,) 1 ~ L~tI'Intll'WLLj;J'(l::; ~'tltl'(l::;'t1 f;l~I n1nlil ~ tl1.,l 

(;],)~I'Wifl_lj;J'tlIil,)I~~-l'lJ'tl-l(;]')'tlth-l 51 '"I::;LL~~_ll~L~'Wl'WXtl~ 4.4 

Z .... 
~ 

~ 
.S2 
~ 
Q 
-' 

300 

200 

100 

0 

-100 

-200 

-300 

- ------,---- --- "'T"-- - ----r - -- ---- , 
: t : : 

------- ~-------+-------}-------i 
: : : : 

-------1-------t-------t-------j 
, , , 

-------i-------t-------t-------{ 
: --4-- . ~ a5% 1 
I I I I -------r------r-------r-------1 

_______ J _______ ...L _______ t _______ J 

-1.00 -0.75 -0.50 -0.25 0 .00 0 .2.5 0 .50 0 .75 1.00 

Lateral dIift(%) 
, , , 

q ... q + 
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-1.00 -0.75 -0.50 -0.25 0 .00 0 _25 0 .50 0 .75 1.00 

Lateral drfft(%) , , , 
('11 ) VI 0.25% drift ( ~::;t1 ::;m~ LIil~'tl'WVI ±3.75 ~~ .) 

Xtl~ 4.4 ~::;~U 1il,)1~ L~m.ntll'WLLj;J'(l::;t[ f;ln n1 ~ LIil~'tl'W(;]') ~1'Wif 1_l j;J'tlIil')I~~-l'lJ'tl-l(;]')'!lth-l 51 
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("'I ) Vl1 .00% drift ( j~tJ~n1jLfOl~'tl'WVl ±15.00 l-.ll-.l. ) 
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ll.l~ 4.4 j~~1JfOl'J1l-.l L~mntJl'WLLvlft~!l(;1n n11LfOl~'tl'W~'J ~1'Wif1'l vl'tl fOl'J1l-.l~'l'll'tl'l~'J'tl£l1'l S 1 (vl'tl) 
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ltJ~ 4.4 r::~Url'Jl~ L~m~ltJ1uLLj;Jft::'tll1lnn1rLrl~'tlui?l'J~1'w;h'lj;J'tlrl'JI~~'1"ll'tl'li?l'J'tl£h'l S 1 (j;J'tl) 
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(!J) 'V1 4 .00% dnft (d:;tJ:;n1nf"l~ll'W'V1 ±60.00 a-Ja-J . 

ltl~ 4.4 d:;~lJf"l,)1a-J L~mnul'WLL~~:;'el(Jld1n1nf"l~1l'WI'l')Jh'Wif1\1~1lf"l,)1a-J~\I"llll\lI'l,)1l£h\l S 1 (~1l) 
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4.1.1.3 FI';I1~LA-li"ll'a-liL"1~';I'a,h~,,~,,'a'l..l S1 

mrtJ ~ f>l1 I"l'Jl~ t~'l'il'fl'l L~1 ~'J'flUl'l vii m rtJ~ t~£J1if LI"li'fl'ltJ ~ LL1J1J1 y.jYh~~ ~ ~'l'fl~ ~ 1'W-ifl'l 

L~I(;11~I"l'Jl~~'l'il'fl'l L~I1"l'fl'Wn1-1n L~1'~m~n ~'l~I~lrrl'1..n1~(;11~~~mr~ 3.5 t~£JlU~ LL~~'lf>lI1"l'Jl~ 

t~'l (;11~I"l'Jl~~'l'il'fl'l L~1 ~'J'flUl'l'V1 ~~'fl1J ~'lYi1J~11'W-rl'J'l LLrn'il'fl'lT'fl£Jfl:;~lnrlmnl"l ~'fl'W~ ~1'W-ifl'l f>l1 
'II 

I I I I " tJ I 

I"l'Jl~ t~'l'il'fl'l L~ 1 I"l'fl'Wn1-InU'l iJ f>l1 hJ~1 nun LLfl:; L;J'fl T'fl£Jfl:;~ Inn m rLI"l ~'fl'WVi ~1'W-ifl'l L Yi~~'W~'W Vi 

mrLI"l~'tl'W~'J~I'W-ifl'lf>llur:;~lru 1.50% 'iI'tl'll"l'Jl~~'l LLfl:;~mrLI"l~'tl'W~'J~I'W-ifl'lf>llur:;~lru 

1000 I 

I ~0. 12 % lateral drift 

900 

800 

_ 0.25 0 lateral drift 

I w< . 

E 700 .s 
~ 0.75 0 lateral drift 

c:: 
E 

....- 1.00 0 lateral drift 

::l 600 (5 
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'w 
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0 .000 0.010 0.020 0.030 

Curvatrue (11m) 
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2.00% 
I I "I 

I"ltl'l.m1-j;]Yl,x).J mft n Lfl1-).J LthJLL'W,)"ll'l..n (;l flU LL 'W,) m ~ 1,x LLN'Vl1'l ~1'Wif1'l Ll1tl'l91 n'l11Yl n (;l;1UU'W,x,) L~l • 
, I I '" I 

I"ltl'Wn1-j;] L~1-).J mft n LL~ ~m ~LI"l~tl'WYl ~ 1'Wif1'l"lltl'l,x,) L~ 1Yl).J 1 n~'W L(;ltl m ~~ ft n LL~~~'l nftU"lltl'l LI"l ttl'l 

1,x LLN ~1'Wif1'l (actuator) ~'l LL~(;l'lltJ~ 4.5 LLfl(;l'l n'lrl1 I"l,)1).J LPr'lj;]l).JI"l,)l).J~'l"lltl'l L~l j;J,)tl£11'l'Vl (;lfl'tlU 

, " 
S 1 LmtiU LYltlUflU~tJYl Ln (;lmnLj;] n h')~'Wm).JI"l,)l).Jfl'l"lltN L~l j;J,)'tl£11'l 

~ ~ 

m~rJ (;ll"l,)1).J LI"l1-tl(;l"lJ'fl'l L~ftn L~1-).Jj;]l).JtI1') y'hm~rJ(;l91n Ln9rJ(;ll"l,)l).J LI"l1-tl(;l~~(;l1.n'WL~ft n 

Lfl1-).J"lltl'lj;J')'tl£11'l'Vl (;l~'flU S 1 ~'l LL~(;l'l ~1 LLWl'l"ll'tl'l Ln9rJ (;l I"l,)1).J LI"l 1-tI (;ll'WltJ~ 3 .7 91 n rl1 I"l,)1).J LI"l1-tI (;l 

~rJ(;l1~~1).J1~tl1~ n~lyj I"l,)1).J I"l,)l).J~).J~'W1h~~~l'l LLN m~y'h~1'Wif1'l flUI"l,)l).J LI"l1-tl(;ll'Wmft n L~1-).J 
I I "I 

m).JtI1') ~'lLLfl(;l'l1'WltJYl4.6 ;'l~(;lj;J'lYl~lLmtl'l 50 ).J).J .91n,31'W L(;ltll"l,)l).JI"l,)l).J~).J~'Wfit~~~l'lLLN 

m~vi1 ~1'Wif1'l flU I"l,)1).J LI"l1-tI (;ll'Wm~ n Lfl1-).Ji1tJ~~ LtI"Ilu).J1n l'WtJ~~ LiJ'Wmtcl1t1 L'Vl 1"l'"l1).J LI"l1-tl(;l~~~~l'l 

L~ftn L~1-).Jj;]l).JtI1') flU I"ltl'Wn1-j;] L~ftn L~1-).J j;]l).JtI1') n'l9 (;l I"lt1n~mnl"l~tl'Wj;J') ~1'Wif1'lrl1tJ~~).J1ru • 

I I " I 

tl£11'l1J1'tl Ll1'tl'lvi11,xl"ltl'Wn1-j;]mnLj;]n~1,)Yl nt)l'l~'W i1 m~~~(;l1tl'Wtltl n"ll'tl'l I"ltl'Wn1-j;]Yl,x).J L~ftn L~1-).J • • 

I 91 I I 
dOl .... q ,.0:::1 CII ...0:::11........ .... 
"Il'l j;]1 LL~'W'l"lJtl'l Ln9,) (;l1"l')1).J LI"lttl (;l'fl\l"ll'W).J191 n ,31 'WI"l'tl'Wmj;] 550 ).J).J. 'Vl n1nl"l~tl'Wj;]') (;l1'W"lJ1'l 

II II I I 

rl1tJ~~).J1ru 2.00% "ll'tl'll"l,)1).J~'l 91mr'Wm~m~1-).Jj;]1).JtI1') Ln(;l m~Lri'l L(;ll~~'W Ll1tl'l91 nl"l'fl'Wn1-j;]Yl 
~ 

I I I " 

1 'W~tJYl 4 .2 LL~~rl1 I"l,)1).J LI"l1-tI (;lYlu'WVi n 1~i1 rl1YlhJ tl n ~tl'l L(;ltl rl1 I"l,)1).J LI"l1-tI (;lU1'l ~')'W'I.!'W1lJfl1).J1~tl 
~ ~ 

u'WVinrl11~ Ltitl'l91nmnLj;]n~1,)~ L~).J).J1n~'W91 n mtl,x LLNm~vi1'Vl1'l~1'Wif1'l LLUUrJ!J4'n~411tJ 
" , 
~1).J1~~lm'flU vi11,x LLN~ (;l miltl,)~~~~l'l I"l'fl'Wn1-j;]flU L~ftn Lfl1-).J~(;l~'l Ltl'WL~j;]l,xLn(;lm~~~(;l"lJ'fl'l 

Ln9rJ(;ll"l,)1).J LI"l1-tl(;l LL~~~n1nl"l~'fl'Wj;J,)~1'Wif1'lrl1tJ~~).J1 ru 4.00% 

'Vl (;l~tlU1WlU~~')tlJ1~'I.!nUn'Vln91 n LLN L U).J cl,)'ll'WLL 'W,)~'l • 

• • 
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Strain (micro) 

o 2000 

ItJ~ 4 .6 rl'JIl-J~uw'Wfit:;~~I'l LLd-l m:;vl1 ~ 1't..!'ih'1I1lJrl'Jll-J LrittJ ~ 1 'WLYtft nL~1l-J 

5000 , , 
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/, -o • .a .. 
n1'ltri~L"1~ V ~ j;I ~LL'\II'U~'VILrifi 

c:s ... "" 'D~~L'\II'im ... t~ j;l1)J!l1'J 
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Lateral drift (%) 

ItJ~ 4.7 rl'JIl-J~l-Jw'Wfit:;~~ 1'l~'f)m~:;'t1 t;1t1 n1 dLrl~'f)'W[;]'J(%drift) nlJrl'Jll-J Lrl1tJ ~ 
1'WLw~nL~1l-Jml-Jm'J'!J'f)'l[;]'J'f)rJl'l S1 

I 
3.00 
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., 
l'Wn1j'~ 1'li"1,)1~ Li"11t11'l"ll't1'l m~ n L~1'~ m~"lJ,)1'l 1~vh~I'lIfl'l Ln9~ I'l i"1,)1~ Li"11t11'l1~ UL ~~ n L~1'~ 

." , 
1.oC:Iio c;J.::::It. CiiI d: 

m~"lJ,)1'l"lJ't1'lLLj;]fl:;"l!U"lJ't1'lLW~nL~j'~ Vlj':;t1:; 150 ~~. 450 ~~. LLfl:; 750 ~~.91n31U "l!'lLL~I'l'l 

~1 LLmJ'l"lJ't1'l Ln9~1'li"1,)1~ Li"11t11'l1unJ~ 3.8 Ll'lti fOl1i"1,)1~ Li"11t11'l~~1'l1~~1~1HI1~m1yj i"1,)1~ 
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ltJ~ 4.8 i"1,)1~~~~Uih:;~~1'lLLNm:;vh~1U~1'lnUi"1,)1~Li"11t11'l1um~m~1'~m~"lJ,)1'l 

"lJ'fl'lIfl,)'t1th'l S 1 

3000 
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I " I I 

fl'lll-J Lfl1tJc;)'jJ'fl'l m~ n L~tl-J11l1l-J'jJ'lI'1 fl'fltJ1 L~l-J~'Wtlrh'l~~1 L~l-Jtl :n'lm~iJxtJ11'1fl~ltJxtJ'Vir:::9'W'Vlf 

LitJ'l tc;)tJ~'1 Ln11l1~~1 iJnlrcl1tJ L'Vl LlN~lnfltl'Wn111l1tJ~ l~~ n l~tl-Jml-J'jJ'lI'1lnC;)~'W'flrh'l'ihm~'W 
ltitl'l~1 n Li'l'Wnlr';)u'1i lLUUl~tl'W LLf'l:::l'WltJ~ 4.9 fl'lIl-J~l-J~'Wfir:::~~I'1~tltJf'l:::~l1lrl nlrLfl~'f)'Wl'l'l 
(%drift) nUfl'lIl-JLfl1tJc;)1'WL~~nL~tl-Jml-J'jJ'lI'1'Vll'1Yi~1~ ~~ILLWW'l 150 l-Jl-J. ~ln~I'W'jJtl'll~1 

.a 

nlrL~l-J~'Wmh'l [;]tl Lti'fl'l~'Whj~ll-JlnlrJ c;) fllfl'lll-J Lfl1tJc;) hJ1~ Lti'fl'l~ln fl'lIl-J'VitJ1tJ1l-J ~~ n~'W'jJ'fl'l 
m~ n L~tl-Jml-JtJ1'l~'WLn c;) nlr tri'l LC;)I::: vill ,xfl'fl'Wn111lln c;) nl'i'LLl1l n~f'l c;)1'fl'WLLf'l:::nI r~ntltl n'jJ'fl'l L ~~ n 
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Lateral drift (%) 

ltJ~ 4.9 fl'lIl-J~l-J~'Wfir:::~~I'1~'fltJf'l:::~l1lrln1rLfl~'fl'Wl'l'l (%drift) nUfl'lIl-JLfl1tJc;) 

l'Wm~n L~tl-Jml-J'jJ'lI'1'jJtl'll'l'l'flrJl'1 S 1 
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4 .1.1.6 n1~Li!l~tfL 'lJ1.I,'U'lLLn'lJlI'8.:JPI'l'8!h.:J S 1 
'" 

nr ~ l~ tlXtJL 'Wll 'W'J lln 'W~r'fl ~::tI::nr ~ lfil ~'fl 'Wj;]'J L 'Wll'W'J ~'1"lJ'fl'llfl1 fil'fl'Wn rlfl~ 'Wn fil'J 1l-J ~1 PI. C]J 
I I I II , 

l-J1n L'Wm1'l.hif'fll-J~mjlfil~'fl'WYi~'1mh'J l-J1fJlfil~1::lfm~fJu&iLi1'fl'l~1ntl1w.rnlJ~~'Y1nL'Wll'W'J~'1 m~ 
~ , 

I " iI I I I , 
q _..t: I '" ..,. 14 d... q!.l '" ...,. 

ll'W'J lLn'Wl-Jmjl~l-J"lJ'W'fltl1'1'l!111fl'llllfll~l-Jm~'Y1~fl'fllJ~'W rI'I mjlfil~'fl'W'Y1~1'W"lJ1'1'Y1 2.00% "lJ'fl'lfil'J1l-J 
I '" I I I 

~'1 l1'l-J In ~ nr~ tri'll~1 ::~'W;'1r) ~~1 nlJ11 fil'J1l-J lfilrtl ~Yi1~vh nr ~i'1r'W~n H l11L ~tT'I nr~ lfil~'fl'Wj;]'J 1 'W 

ll'W'Jlln'Wn~htJ~::l-J1ru 0.7 l-Jl-J . nrjlfil~'fl'W~~h'Wif1'1~ 3 .00% "lJ'fl'lfil'J1l-Jfl'l ~::tI::m~Lfil~'fl'Wj;]'JL'W 
" 

LL 'W'J lln'Wn nr jl ~ l-J~'W'tl£h'l'tllJ~ ~'W Lri'fl'l~ 1 n fil'fl'Wnrlfl~~l-J L ~~ n Lfl1'l-J l?l1l-JtI1l-J1~ LLIfl n~~ ~'fl'fl n lU'W • • 
" , 

Yi'WYin'J1'191'W'J'Wl-J1n t~tI~'fllJ Lfl1 vh L~L~~n Lfl1'l-J 1fl1l-JtI1'J Ln~nrjli'lnr~tri'l L~1:: LL~::m~fJlJ~~1n 
'" I '" I 'I I 

tl1~,rnlJ~~'VJnL'WLL'W'J~'1Ln~~'WYimjlfil~'fl'WYi~1'Wif1'1LYhnlJ 4% "lJ'fl'lfil'J1l-J~'1 ~'1LL~~'11'WXtJYi 4.10 

LL~ ~'1 fil'J 1l-J~l-J~ 'Wlh::~~ 1'1~'fl tI ~::m ~ Lfil ~ 'fl'W~ ~1'Wif1'1"lJ'fl'l fil'J1l-J ~'1 nlJ ~::tI::m ~ Lfil~ 'fl 'Wj;]'J L'W LL 'W'J LLn'W 
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Lateral Drift (%) 

xtJ~ 4 .1 0 fil'J1l-J~l-J~'Wjh::~~1'1~'fltl~::m~Lfil~'fl'W~~1'Wif1'1lJ1'flfil'J1l-J~'1nlJ~::tI::m~Lfil~'tl'W 

j;]'J L'W LL'W'J LLn 'W"lJ'fl 'I j;]'J'flri1'1 S 1 
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, " 

;'lL~l[;]'J'tl£h'l S2s ih::£J::nlj'L~~'tl'l.J.[;]'J~1'Wifl'lVlIil~~nn(75% secant approach) • 
Lvhr'lu 7.5 "'U.J . ~1'tlLvhr'lun1n~~'tl'W[;]'J~1'Wifl'lril1..h::l-J1ru. 0.50% "lI'tl'l~'Jll-J~'l ih::£J::n1j'L~~'tl'W 
[;]'J~l'Wifl'l~m~m~rl-JL~'WLLmLn~n1j'~nmvhr'lu 11.25 l-Jl-J. ~~~nn1j'L~~'tl'W~~l'Wifl'l1.h::l-Jlru. 

0.75% j;J'tl~'Jll-J~'l LL~::LLj''lm::vil~l'Wifl'l~Iil~~nn Lvhr'lu 125.4 nt~ij'J[;]'W L~£J~ih::£J::n1j' " . 

, , 
LLNm::vil~l'Wifl'lVlLn~j''tlmL~n~l'J~l-JLLj'n (~r) 

o , 

LLNm::Vll LLj''lm::vil~l'Wifl'lVl'~rlnn (Py ) 

" " ~l'W"lIl'l LLNm:;vil~l'Wifl'l~'l~~ (Pm) 

(kN) LLNm::vil~l'Wifl'lVl~~~'l 0.8 P
max 

(P
lim 

) 

(kN-m) Ll-J'WLl-J'W(;]~~~'l~~ (Mm ) 

Ll-J'WLl-J'W(;] ~ ~~ 0.8 P max (M lim ) 

, , 
j':;£J:;n1j' j':;£J:;n1j'Lrl~'tl'W[;]'J ~l'Wifl'lVl L~~m~rl-J~'llil ~ rln n (8) 

• y l 
, " 

Lrl~'tl'W[;]'J j':;£J::n1nrl~'tl'W[;]'J~l'Wifl'lVlIil~rlj'ln (8 ) 
• y 

"''' .c:J .... ,,"',J 0,",,,, 

~l'W"lIl'l, j':;£J:;n1nrl~'tl'W~'J~l'W"lIl'lVlLLNm:;vll~l'W"lIl'l~'l~~ (8
Pm

) 

l-Jl-J. (%drift) j'::£J:;n1 j'Lrl~'tl'W[;]'J~~ 'lJ L~ £J rl'Jll-J t'll'WVll'W~l'Wifl'l 
dI ..J 

~j''tlVl O.8P max (8m ) 

78.5 

125.4 

208.1 

166.5 

117.7 

188.1 

312.1 

249.7 

1.88(0.125%) 

11.25(0.75%) 

7.50(0.5%) 

18.88 (1 .25%) 

25.50 (1 .7%) 

52.62 (3.5%) 
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~-.l1"l'J1l-J~l-Jl~\"!jh::vd 1-.l~!ltl~::m nl"l ~!l'W~ ~1'W-if1-.l'lJ!l-.l1"l'J1l-J ~-.l flU llN n ~::Vh'V11-.l ~11'W-if1-.l'lJ!l-.ll~ 1 

llMl-.l1'WlU~ 4 .11 yjU~1191'J!lfh-.ll~11"l!l'Wn1(;l'lu~ llUU l~!l'W mnl(;l n~1'J In(;l~'Wfh'W1~'1.i!l~~-.l''1 n 

LI"l'Wl~1 400 l-Jl-J .~'W1u L(;ltl~":: l~'WlW~ m~tl-J (;l1l-J II 'W'JtI1'J~Lri-.l-.l!li (;ll"'W~Utl'J rw~-.l"1 n LI"l'Wl~1 
~ , 
~'Wl-J1 750 l-Jl-J. ll~(;l-.l1'WlUVl4.12 
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«II .... 
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Lateral drift (%) 

lU~ 4 .11 1"l'J1l-J~l-J~'Wfi~::~~1-.l~!ltl~::m~ll"l~!l'W~~1'W-if1-.l'lJ!l-.l1"l'J1l-J~-.lfl1JllNn'l::Vi1'V11-.l 
~1'W-if1-.l'lJ!l-.l19l'J!l£J1-.l S2s 



'flP1nm:i' 
..I .J 

Lfl~~U'V1 

0.125% 

0.25% 

0.50% 

0.75% 

1.00% 

1.50% 

2.00% 

mn~ull.l 

r,nmLN~~ 

(%) 

41 .01 

37.65 

40.95 

43.00 

42.85 

39.20 

45.54 

82 

(%) 
(%) (%) 

46.40 1.83 89.24 

54.13 1.37 93.16 

46.40 3.37 90.72 

46.14 9.03 98.18 

45.43 11.43 99.71 

38.67 20.32 98.19 

32.19 20.36 98.09 
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Lateral drift (%) 

, , 
f'l:::'e1l?lj1n1jlrl~~'W.V1~h'W.if1'l 'lJ~'ll~1[;]')'tlth'l S2s 

j::: ~U rl ') 1).J l~ tJ ~1 tJ 1'W. LL[;] f'l :::'e11?l j1 n 1 Hrl ~ ~ 'W.[;] ') ~ 1 'W.if 1 '1 [;]~ rl,) 1).J ~'l ~ 1 ~ 1 j(1ll~ ~'l c.J f'l ~'l 

1?l1j1'l~ 4.4 ~'lrl1.h:::n~U'lJ~'ln1H~tJltl~ lii~~1 mrl~~'W.[;],)~1'W.-if1'l~1mLN~~, ~1m~tJ[;]~ Lrl~~'W. 
, , ... 

LLf'l:::~ 1 n UN l ~~'W. sn'l ~1~1 j(1 LmmJ L V1 tJU n1 j lYl~~'W.'lJ~'l n1jL~tJltl ~1'W.-if1'l1'W.lll1l~N rltlj:::n~u flU 

~~tJf'l:::'e1l?lj1n1jlrl~~'W.~~1'W.-if1'l LL~~'l~'lltl~ 4.13 j~mll?ln~1,)~:::~wll?lnl'W.ltl LLUU'Vl UtJ'lflU L~1 ~ 
I "I I I 

U1l')rutlf'l1tJ'lJ~'l L~~m~1~V1nn1j[;]~'Vl1U ~'l~1 n Lrl'W.L~1~'W.~1 600 ~~ . V1n1nrl~~'W.[;],) ~1'W.-if1'lV1 
" , 

<IIII:JI dI - "" '" q .q '" '" 1.1 0.50% 'lJ~'lrl,)1).J~'l llf'l:::'Vln1nrlf'l~'W.m~1'W.'lJ1'l'Vl 0.75% 'lJ~'lrl,)1~~'l ~j'ilmLl?lnn')n,)1'l j:::~1ru 
I " I I" 

3 ).J~. LLf'l:::j~mll?ln~1,)~:::I'l~tJnt)1'l L Yl~~'W.I?l1~j:::tJ:::n1jLrl~~'W.[;],)~1'W.-if1'lV1~1 n~'W. ~ n~ru::: Lij'W.l~'W. 

'VlLLtJ'l~~ L~tJ~n1jLrl~~'W.[;],)~1'W.-if1'l~ 1.0% 'lJ~'lrl,)1~~'l rl'il'W.n11?l~tX~m~m~1~l~wii~n1nLl?ln , 'II , 

~f'l~i~'W.~~n).J1 ~n1Hrl~~'W.[;],)~1'W.-if1'l~ 1.5% 'lJ~'lrl,)1~~'l nl~tJ'l~'l~'W.~1n[;]')~U1'l'Vl~~~U 
q 'II 

, ... ... 
j~tJ LLl?ln~1')n'lJ'W.1 ~ 1~qj~1 n rl~'W.n11?lV1~).J l~~n l~1~ Lii~n1nLI?l n'il~n~1 Ltl'W.:n'W.lm\J~'W. ~1~1j(1 
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I '" I I 

tri\lLj?l1~ LU'ew'I1m11VfUnUn'Vln Vin1nflfl'el'Wj;]')~h'Wif1\1 3.00% • 
4 .12 ~\I fI'el'Wn11?1~"''fl~l_J LVf~m~·h.J1'WL~1 Lnj?ln1),'l~ LLl?1n'el'fl nlil'WL~'WLVf~m~1'l_J~n~ mfru~tri\l\l'fl , 

., , 

LL~~ L~1f1'fl'Wn11?1 L~1'l_J LVf~ nhj~1l_J1 HI t'UU1 VfUn 1 'WLL 'W,)~\l1c1l~ n tj?ltl)'~~UfI,)1l_J L~tJVf1tJ1'WLL~fl~ 

'tll?1nn1),LfI~'f)'Wj;]')c1l1'Wif1\1~'elfl,) 1 l_J~\I LL~j?l\l~\I),U~ 4.14 
" " 
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ltJ~ 4.14 r:;~UPl,)ll_J L~m,nrJ1'WLLr;lft:;rerlJ1rln1nPl~'tl'W~rH~'1'Wifl~r;l'tlPl')1l_J~~~'tl,'JI;1')!l£h~ S2s (r;l'el) 



300 

200 

~ 100 

~ 0 
.$2 
e -100 

.5 -200 

-300 

87 

i i 
I I I 

I I I I I -------T------_,--------r------ ---"T"' -·------r-------
I I I I I 
I I I 'I 
f I I I I 

-------+-------i------~------~I~~~'~~-~-~~--=--=--~-I I I 
I I I 
: I I 

t=--=---=-.~!:: - -~--~-~:~~~~ : i 
.. ... ____ L _____ .l. _______ t ____ . __ _ 

I I I 
I I I 

: ~3 
I I I I I 

-------t------1--------, -----... ...-- ... - ... -~-------T- .. -----~----·---

I : I I I : 
I I I I I I 
I I I I I I 

-4 .00 -3.00 -2 .00 -1 .00 0 .00 1.00 2.00 3.00 .00 

Lateral drift(%) 

I I I 

(Q,J) V1 3. 00% drift ( T:::tJ:::mTLrl~'el'WV1 ±45.00 l_Jl_J .) 

300 

200 

~ 100 
~ 0 

.$2 
e -100 

.5 -200 

-300 

I 
I I 
I I 
I I 

I I I -------T-------.,--------r---- ... -
I I I 
I I I 
I I I 
I I I -------t-------i-------+------
I I I 
I I I 
I I I 

I 
I 
I 
I 

I I ---T-------r-------
I I 
I I 

I .. _~_- .. ---

8~~ I I I 
I I I I 
I __ _ _ _ _ J __ .. ___ ... .l. ... ... __ ... __ t .. _____ _ -------t----- : : I 
:: I ~3.5 I · dr~ 
I I I I I 

-------t-------1-------, ---_.. ...------1----... --7-------~----.. --
: :: ::: 
I I I I I I 
I I I I I I 

-4 .00 -3 .00 -2.00 -1 .00 0.00 1.00 2.00 3.00 .00 

Lateral dmt(%) 

I I I 

"" "" "" (n.J) 'V1 3.50% drift (T:::tJ ::: mTLrl~'el'W'V1 ± 52.5.00 l_Jl_J . 

!U~ 4.14 T:::~lJrl,)1l_J L~mntJ1'WLL~~:::'tlm1mnrl~'el'W[;]')~1'W'~h~~'elrl')1l_J~~1J'el~[;]')'elth~ S2s ( ~'el) 

," I 

rllJTUV1 Ln~mnLl1ln11 ')~'Wr;nl_J rl,) 1 l_J~~'1J'el~ L~1[;],)'elth~ ;~ L~'Wl~'tlth~i~ L"'l'W~1 Ln~T'eltJ LLl1ln11,)"'l'W 
'" " 

Ln ~ mT'W'l ~'el'eln1J'tl~ rl'el'Wn111l1'W~ n1!tOJ:::LL 'W,)'V1:::LLtJ~~l_J ~rl,)1l_J~~"'l1 nj1'Wrl'tl'Wn111l UT:::l_J1OJ 850 

l_Jl_J. ~~1'WL~1[;]')mh~ S2s 1~iJmT~'el'V11lJL~~m~1l_Jr;nl_JLL'W')m') iJT:::tJ:::mT~'el'V11lJ 600 l_Jl_J . "'l 1 n 

j1'Wrl'el'Wn111l t.J~~~lJrl1rl')1l_Jt~~1J'el~L~1[;]')'elth~ iJrl1rl,)1l_Jt~~~1'W'li')~ 400 l_Jl_J. ti~ 700 l_Jl_J . ~~ 
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LLft'l~1~'l1l-ltA''ll'w''li'l'ld~'ltrl~1~r.J1l-ltA''l~U'el£Jn~1 ~1~'l1l-ltA''l~1'W''li'l'l 1 00 l-ll-l . n'l 400 l-ll-l . ~'el~ 
1'Wt::~u~1'ln~1 t(;m~'l~1,x~1 ~'l1l-l tA''lrl~1~~'l,r'W th"l::rl LVI[;J ~~l-l1"'l1 n mt~'W",~'W'iJ'el'l L",~n L~1'l-l 
11l1l-lm'l~rl mtt91'el'Vl1Un'W 9'lVh 1,x~1~'l1l-l tA''ll'Wi'W~'l n~1'lrl~1~~'l1~ 
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4.1.2.4 Fl11~LFl1fJ611.'UL\II~nLlI-;'~611~fJ11'!1,!).:J~1'!)!h.:J S2s 

£Ii 1 LL'ItIU'l'lltl'l Ln "'I l' !PI f'l'l1l-l Lfi~"tI!PI~ ~!PI 1.)1 'WL ~ft m~fh-J ml-ltJ1'l'lltl'l ~'ltlth'l'V1 !PIMlU S2s LL~!PI'l 

£Ii 1 LL~U'lltJ~ 3.9 ~'l"'l1 n n1 d'V1!P1~tlU~1l-l1 db! L~m.J.nnyJf'l'l1l-lf'l'l1l-l~l-l~'Wtfd~~~1'l LLNm~Yh 

~i'1'W-if1'lnUf'l'l1l-l Lf'l1-tl!PI 1'WL~ftm~1l-lml-ltJ1'l LL~!PI'lc;l'll'WltJ~ 4.16 LL~~f'l'l1~~l-l~'Wfid~~~1'l~tltl~~ 

~"'nn1dLf'l~tl'W~'l(%drift) nUf'l'l1l-l Lf'l1-tl!PI 1'WL~ftm~1l-l "'1l-ltJ1'l LL~!PI'lc;l'll'WltJ~ 4.16 ~'l~!PI~'l~ 
£Ii 1 LL'ItIU'l 50 l-ll-l. "'11 n 31 'Wf'l tl'Wn1-", L'ItIft m~1~"'1l-ltJ1'li1'l'''' f'ld1 n~ n1dLf'l~tl'W~'l ~i'1'W-if1'l .. i1tJ d~l-l1ru 

0.75% 'lItl'l f'l'l1l-l~'l ~'liJ f'l'l1l-l Lf'l1-tI "'~"'I '" f'ldl n tJd~l-l1ru 2573 1l-l If'l(micro) 'lItl'l f'l'l1l-l f'l'l1l-l Lf'l1-tI '" 
~ . 
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ltJ~ 4.16 f'l'l1l-l~~~'W1fd~~~1'l LLNnd~Yh~i'1'W-if1'lnUf'l'l1l-lLf'l1-tl!PI 

l'WL'ltlftn L~1l-l"'1l-ltJ1'l'lltl'l~'lmh'l S2s 
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", , 
1~ Ln(;lnl'i'lri'l L(;l1:;'lJ'el'l L"vIftn L~1~m~m')~tJ on'l~1 LLtnl'lVl Ln(;ln1~lri'l L(;l1:;'lJ'el'l L~ft n L~1~Wl1~m')'el~ 

" , , 
~'l~tJ~11h:;~1ru 750 ~~ . iOi1nj'1tJ~'eltJn1W1 Vln1n~fl'eltJ[;),)~1tJif1'l1"l1tl1:;~1ru 2.50% 'lJ'5'l~,)1~ 

~'l ~1~1HI~'lLnWlL~tJL"vIftnm~m')1~mh'l-n(;lLiOitJ ~n1~1~LLNm:;Yh~1tJif1'lLLlJlJ~!J4'm~tllJLLm 
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., ., 
1\'u~1j;],)'tlth-lVlI?1Mlu S2s 1~vhn1r~I?1j;]-l Ln"'ltJl?1 ~,)1j..J L~1tJl?1 HluLVI~n L~1j..J1'11j..J'lI,)1-l'll'fl-l LL!Jl~:::iiu 

, ".:to d ..... __ ~ 

'lI'fl-l LVI~nLMj..J LVlj..J'flUnU L~11'1,)'flm-lVlI?1~'flU S1 Vlr:::tJ::: 150 j..Jj..J. 450 j..Jj..J . LL~::: 750 j..Jj..J."'l1n31U 

;-l LL~ 1?1-l ~1 LLVll.l-l'll'tN Ln"'ltJ 1?1~,)1j..J L~1tJI?11UlU~ 3.1 0 Ll?1tJlU~ 4 .18 LL~I?1-l nr1~ ~,)1j..J~,)1j..J~j..J~ufi 

r:::VI~1-l LLN n r:::vh ~1U;r1-l nU~,)1j..J L~1tJ 1?11ULVI~ n L~1j..J1'11j..J'lI,)1-l ~tJ I?1rl1 ~,)1j..J L~1tJl?1"'l1 n n1r 

, "" , 
VlI?1~'flU ~-l ~1 LLVll.l-l'll'fl-l Ln"'ltJl?1 ~,)1j..J L~1tJl?1,rU'fl~ LVln'fl~Uj..J1"'l1n ~1u~'flun11'1 Ur:::j..J1CU 450 j..Jj..J . V1 

rhur:::j..J1CU 0 .75% 'lI'fl-l~,)1j..J~-l ~-li:J~,)1j..JL~1tJl?1~'I?1~nn Ur:::j..J1CU 14950 1j..JL~(micro)'lI'fl-l 

~,)1j..J~,)1j..J L~1tJl?1 LL~:::luru~ 4.19 ~,)1j..J~j..J~ufir:::VI~1-l~'fltJ~:::'t1m1n1rL~~'flUj;]') (%drift) nu 
'lJ 

, ., , 
Q'.<:::Ir. q.q ~o 1..0::1 .ocW d ..... 

LL~:::LVI~nLMj..J1'11j..J'lI,)1-lj..Jn1r'UI?1'l11I?1VlI'11LLVlU-l 750 j..Jj..J . 'lIUj..J1"nn~1U~'flUml'1 LU'fl-l"'l1nLLNI?1U 
"" 

'fl'fln'll'fl-l LLVI~nL~1j..JI'11j..Jm,)~Lnl?1n1rLri-l L1?11::: 
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4.1.2.6 n1'lLi!l'l'lfl'Uu'U'Jun'U'JI'!I.ul'J'!I!h.:l S2s ... 
n11~'1 Ln IJ)LU 1:;"-l'l1'1 n11'Vl (YI~~u1~ L ~Un11L~ ~'elU[;]'l L ULLU'l LLnui1 n 11L~l-J~umj 1'1-D 11 

" I I I 
.... I <Q .dI:.od q'" '" I c;:J "'" ooQ 

1J)'1 LLIJ) L1l-J n11'Vl (YI~~UIilU'N n11L~ft'elU'Vl (YI1U"lI1'1 1.50% "lI'el'l ~'l1l-J~'1 YlU'll L~ft nL~1l-J1J11l-JtJ1'l Ln (YI 

n11tri'l L(YI1:; Ln (YI~U1il1 n;r'el~ft ~'l1l-J L~1tJ (YI~t) (YI 1~ ~ n11L~~~U~~lU;r 1'1 2 .50% "lI'el'l ~'l1l-J~'1 
~'elun11J)~'lXl-J m~ n L~ll-J 1J11l-JtJ1'l 1~ LLIJ) nt1'l Luuul L'l rw L~l [;]'l~tJ1'1 LLft:;~ft (YI i~U~'el nl-J1~lU'lUl-J1 n , , 

'" ," '" I 

t(YItJ~ft'l1il1mrU1:;tJ:;n11L~ft~U[;]'l LULLU') LLnUi1 n11L~l-J~Ul-J1n~UL1~tJ1 LL~ (YI'IIPl'l,tJVI 4 .16 LL~(YI'I 

~,)1l-J~l-J~Ufi1:;~~1'1t~tJft:;n11L~ ~~U~ ~hU;r1'1"l1'el'l ~,)1l-J~'1 nU1:;tJ:;n11L~~~UI'1,) L 'WLLU'l LLn'W"lI~'1 
'" I I I I 

[;]')~tJ1'1 S2s LLft:;1~ Ln(YIn11'lilli~')m.11wwnUn'Vl n L'WLL'W,) ~'1Y1 n11 L~ft~'WY1~lU;r1'1tJ1:;l-J1 rw 3.50% • 

I " I I 

S1 t(YItJY1[;],)'eltJ1'1'Vl(YI~~Uil i11:;tJ:;n11L~ft'elU[;],)~1'W;r1'1Y1Iil(YI~11n (75% secant approach) Lvi1nu • 
9.75l-Jl-J. ~1'el1:;tJ:;n11L~~'el'W[;],)~1'W;r1'1,"htJ1:;l-J1rw 0.65% "lI~'1~,)1l-J~'1 ~'1 i11:;tJ:;n11L~~'elU[;]'l 

~1'W;r1'1~L~~nL~1l-JL~'WLL1nLn(YIn11~nn (1
51 

steel yielding) Lvi1nu 11.25 l-Jl-J . ~'tllJ)nn11L~~'elU~ 

~1'W;r1'1tJ1:;l-J1rw 0.75% ~'el~,)1l-J~'1 LLft:;LLNn1:;v'11~1'W;r1'1~'(YI~nn Lvi1nu 121 .2 nLftil'lI'1'W 

,"htJ1:;l-J1rw 3.00% "lI'el'l~,)1l-J~'1 LLft:;LLNn1:;,yh~lU;r1'1~'1~(YI Lvi1nu 227.7 nLftil')[;]u LL~(YI'IL'W 

1J)111'1~ 4.5 ~'1 ~'l1l-J~l-J~'Wfi1:;~~1'1t'eltJft:;n11L~~'el'W~1'W;r1'1"l1'el'l ~,)1l-J ~'1 nu LLN n 1:;,y11'Yl1'1 
'II 

.. 
L'U'el'W 
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o 

LLNn~:;vh~1U.;r1-lVi~{M)11n (P ) • y 121 .2 

227.7 

(kN) 
o 

LLNm:;vh~1U.;r1-lVi~~fN 0.8 P max (Pom ) 182.2 

129.1 

181 .8 

341.5 

(kN-m) 273.2 

1.88(0.125%) 
o 0 

~:;U:;n1~LPl~'tlU~'l~1U.;r1-lVi L~~m~1').!n-l'~Pl~1n (ay; ) 11 .25(0.75%) 
o 0 

~:;U:;n1~LPl~'elU~'l~1U.;r1-lVi~~Pl~1n (a ) • y 9.75(0.65%) 
o 0 

~:;u:;n1nPl~'elU~'l~1u.;r1-lVi LLN m:;vh ~1U.;r1-l~-lq ~ (a Pm ) 14.35(0.95%) 

).!).! .(%drift) ~:;U:;n1~LPl~'elU~'l~~'1! L~UPl'l1)'! !1f1U'Vl1U~1U.;r1-l 
GI .J 

VI~'tl'Vl O.8P ma.x ( am ) 
21.41 (1.5%) 

44.79 (3.0%) 



300 

200 

Z 100 
.lI: 

~ 
U ... 

.E 
~ 
~ 

o 

.3 -100 

-200 

-300 
-4.00 -3.00 

95 
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Lateral drift (%) 

ltl~ 4.21 ~'l'l~~~~Ufit:;l-l~'l~1'fltJf'l:;n1n~~'flu~'luif'l~'ll'fl~~'l'l~~~ nu LLN m:;YhYn~ ~'luif'l~ 



96 

I I I I 

t:J ~ n11'V1 ~M)lJ"I::: Lh.JL~'W1tltJLL[;1 n~1,)V1 n11Lrl ~tl'Wl?l,) ~1'w;h'lVi 0.50% 'lltl'l r1'l1l-J~'1 L 'W 
'II 

~ n'rtru.::;'ll'W1 ~ fllJ L~1'V1 ~ ~tllJ LL~::; Ln ~ n11LL[;1 n~1'l1tlU~iJ ~ n'rtru.::; dj'WL~'W'V1 LLU 'I "I ::; Ln ~~'W~ n11 

Lrl~tl'WI?l'l~1'Wif1'1 0.75% 'lltl'lrl'l1l-J~'1 t~U~n1nrl~tl'WI?l'l~1'Wif1'1 1.00% 'lltl'lrl'l1l-J~'1 'YilJ~11tlU 

LL[;1n~1'liJ n')1'1lh::;l-J1ru. 3 l-Jl-J . LL~::;rltl'Wn1-[;1"1::;~l-J Ln ~n11~~~1tl'W ~1::;U::;n1nrl~tl'WI?l'l~1'Wif1'1 , 
, , >-

1.50% 'lltl'lrl'l1l-J~'1 ~1l-J11m~'Wm~m~1l-J1'WL~11?l'ltlth'l1~ ;'11tlmL[;1n~1'l"l::;LVil-Jl-J1n~'W[;l1l-J1::;U::; 

Lrl ~tl'WI?l'l ~1'Wif1'1~l-J1n~'W LL~::;~1::;U::;n1nrl~tl'WI?l'l~1'Wif1'1 3.00% 'lltl'l rl'l1l-J~'1 L~1 I?l'ltlth'l hJ 

~1l-J11(lt'lJ LLNtl~ L'WLL'W,) LLn'W1~ LL~::;r;tl~1 L~11?l'ltlth'l Ln~n11fjUii~')uJ1'\.nrnlJ11'V1n 1'WLL'W'l~'1 t~u • 
1::;~lJ rl'l1l-J L~U~1U1 'WLLj;J~::;tl [;111 n11Lrl~tl'WI?l'l~1'Wif1'1 j;Jtlrl'l1l-J~'1 ~r) ~ 1~'W1::;~~1'1 n11'V1 ~~tllJ 

~1l-J11mL~~'1t:J~~'1 [;l111'1~ 4.6 tl'lf01lh::;ntllJ'lltl'ln11L~UlU~Ln~"I1mrl~tl'WI?l'l~1'Wif1'1"11mLN~~. 

"11 mtl U j;Jtl Lrl~tl'WLL~ ::;"11 n LLN L~tl'W ~'11'll-J fl'W1~ LU'Wn1n~UlU~'1~l-J ~~ Ln~~'W1 'WL~1 I?l'lmh'l 

'V1 ~~tllJ t~U~1l-J11(l LmUlJ L ViUlJ n1 n~l-J~'W'lltl'l n11L~UlU ~1'Wif1'11 'WLLj;Jtl'l f01U1::;ntllJ fllJ~tlU~::; 
tlm1n1nrl~tl'W~~1'Wif1'1 'lltl'll?l,)tlth'l S3 ~'1LL~~'1lU~ 4.23 LL~::;1::;~lJrl'l1l-JL~U~1U1'WLLj;J~::;tltJ1n 

n11Lrl~tl'WI?l'l~1'Wif1'1 j;Jtlrl,)1l-J~'1 LL~~'1~'1lU~ 4.24 

'tllnnn11 n11L~tlXU"I1mLN~1?1 n11LatlXU"l1n1tltl(;]tl Lfl ~tl'W m1L~tlXU"I1nLLNL~tl'W 1'll-J 
... .J 

(%) (%) (%) (%) Lfl~tl'W'V1 

0.125% 45.07 51.04 1.83 97.94 

0.25% 42.53 52.59 1.94 97.06 

0.50% 41 .01 52.20 1.66 94.87 

0.75% 43.08 47.95 4.72 95.75 

1.00% 26.32 61 .67 11.11 99.11 

1.50% 23.92 49.11 23.85 96.87 

2.00% 24.01 43.69 19.7 87.40 
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Slip defor lion 
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Lateral drift (%) 

, , " 
,tlVi 4 .23 1"l'J 1l.J~l.J~ hlfi~::~~ 1 ,m1~L ~l.J~hl'll'fl_l m n~tJ ,1..1 ~1t.dh_l1 hlLLIJ1'fl_l ~1.h::n'flu flU ~ tJ 

, , 
ft::~ln~1m~LI"l~'flhlVi~1hl;r1_l 'lJ'fl_lL~1~'J'fl£J1_l S3 
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-1.00 -0.75 -05 0 -0.25 0.00 0..25 0 .50 0 .75 1.00 

Latefal drift(%) 

, , , 
(n) Vi 0.1 25% drift ( ~::tJ::m ~LI"l~'flhlVi ±1 .88 l.Jl.J .) 

,tl~ 4 .24 ~::~UI"l'J1l.J L~mntJ1hlLLlJ1ft::~ln~1 mnl"l~'flhl~'J ~1hl;r1_l1J1'fl1"l'J1l.J~-l'lJ'fl-l ~'J'fl£J1_l S3 
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Lateral dIift(%) 

.J .J .J 
(11) 'Vl 0.25% drift ( d~tI~n1nfltl'a'W'Vl ±3.75 ~~. ) 
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Lateral drift(%) 

.J d! .J 
(fl ) 'Vl 0.50% dri ft ( d~tI~n1dLfltl'il'W'Vl ±7.50 ~~ .) 
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Lateral drift(%) 

(_l ) ~ 0.75% drift (d~tI~n1dLfl~'a'W~ ± 11.25 ~~ .) 

ltl~ 4.24 d~~1Jfl,) 1~ L~m.ntl1'WLL~tl~'el r;]d1n1dLfl~'a'W~')~1'W~1_l~'ilfl')1~~-l"ll'il-l~')'flth-l S3 ( ~'a ) 
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('~ ) V11.00% drift (1~tJ~n1nl"1~'el1.JV1 ±1 5.00 ~~.) 
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(~ ) 'VI 1.50% drift (1~tJ~n1nl"1~'el1.JV1 ±22.50 ~~ .) 
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Lateral drift(%) 

, , 1 

...::.t • 4 Q 

('11 ) 'VI 2.00% dnft ( 1~tJ~n1nl"1~'el1.J'VI ±30.00 ~~. ) 

ltJ~ 4.24 1~~lJl"1')1~L~m.ntJ11.JLLIJ1~~ra~11n1nl"1~'el1.J!1l')Jh1.J;h_3IJ1'elI"1')1~~-3"lJ'el-3!1l')'elfh_3 S3 (1J1'el ) 
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Later drift(%) 
, , , 

("11) VI 2.50% drift (~::t1::n'l'i'Lf'l~'tl'WVI ±37.50 l-Jl-J.) 
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La era! drift(%) 

, , , 

(OJ) VI 3.00% drift (~::t1::n1nf'l~'tl'WVI ±45.00 l-Jl-J.) 

lU~ 4.24 ~::~U f'l,)1l-J L~tI'I .. ntll'WLLJ;]~::tfl j;]~1n1nf'l~'tl'W~')t1h'Wif1\l J;]'tlf'l,)1l-J~\l'll'tl\l~,)'tlth\l S3 (J;]'tl) 

4.1.3.3 FI'l1~LA~"ll'8~L"1~'l'8!h~'VIIil"'8'U 83 

L~1~,)'tltl1\l S3 ~(;)ml-J1ruL~ftm~1l-Jj;]1l-J'lI,)1\l~\lU~::l-J1ruf'li\l~ii\l~1m~1~,)'fltl1\l S1 LL~:: 

L~1~,)'tltl1\l S2s L(;)tIL~1~,)'tltl1\l S3 Hmftnn~l-Jtj')~t1U 'lI'W1(;) 6 l-Jl-J . Lu'Wmftm~1l-Jj;]1l-J'lI,)1\l ,)1\l 

~1\lrl'W 250 l-Jl-J. ~\l~1nn1~'Vl(;)~'flU~1f'l,)1l-JL~\lj;]1l-Jf'l,)1l-J~\l'll'tl\lL~1~,)'tltl1\l'Vl(;)~'tlU S3 ~::i1~1~\l 
I iI I I I 

1'W'll,)\l~::~Uft1\lVli1n1~~ (;)~\l Lf'l1'fl\l1'(;) LLUULVHh LYl'tl Lnuif'fll-J~n1n~mU Llj'fl\l~1n LLN ~(;) LL~::~::i1 
'II 'II 

t I I II I I" 

~1~(;)~\l Li1'tl';hn1~1'(;)VI~::~UVI~\l~'W ~\l LL~(;)\llUVl4.25 L(;)tILmtlULVltlUrlUlUVI Ln(;)n1nLj;]n11,)~'W 
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1?l1)'!r1,)I)'!~~"1J'fl~ L'(qII'1,)'flth~ ~~ L~'Wl~'flth~i~ L"'l'W~1 1'fltJ LLl?ln~I,)~ Ln ~~'WLij'W~n'l!tru~LL'W,)'Vl~ LLtJ~ 
).!).! "'llntrl'WL'(qII'1,)'flth~~r1,)I).!'(q~"'lln~I'WrI'fl'Wn~l?llh~)'!lru 1000 ).!).! . 

, " 0/1 
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900 
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E 700 .s 
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.2 600 
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'Qj 
I 

400 

300 

200 

100 

o 
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........ ... ~ . dr't 

--- ,25" 

....- 0,,;:); --
~ .-5%~ o:!\ --
--i'- 1 .oo~ Ia: a. ... -- -
-+- ",53" dr 

- -
0.005 0.010 0.015 0.020 

Curvatrue (11m) 

4.1.3.4 fl,;)1~Lfl'i!lfl"LuL~imffl~j;l1~!l1,;)"JIil.:J~,;)'il!i1.:J S3 

ml~ r1,)I)'! r1,)I).!~).!~'Wfi1~~~I~ LLNm~~I~I'W;h~n1JrI,)l)'! LrI~tJ ~ 1'WL~ftn L'(q1).! 1?l1)'!U'l,) ~~ 

LL'(q~~l'Wltl~ 4 .26 ~~~~;~~(J'hLL'WW~ 50 ).!).! . "'lln31'WrI'fl'Wn~1?l ~ILLWW~Ln"'l1'~r1,)I)'!LrI~tJ~~~~l'W 
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, 
m~m~'hJl'lll-Jm'J'lI'fl'l(;)'J'fl£h'lYl~~'flU S3 miJ'fl'\..!flu(;)'J'fl£h'lYl~~'flu S1 Ll~:; S2s en'l LL~~'1~l Lmt.!'1 

'lI'fl'lLn9t)'~~'J1l-J LfOi~,t1~1unJ~ 3.11 1Un1~d':;l-I~1'1n1d'Yl~~'flU'ViU~1 m~m~1l-Jl'l1l-Jm'JCi'l9~~nn~ 
'IJ , 

l'l1l-Jm'JLn~n1d'tri'lL~l:;~~lLLl-It.!'1 550 l-Jl-J. 91nl1U~'flun1l'l ~n1dL~~'flU(;)'J~lUif1'1fOl11.h:;l-J1rw 

1.00% 'lItl'l ~'J1l-J~'1 91 mXUn1dLLl'ln11'Jl-J1 n~U'flU1'1 r;l'fl L~tl'lvh 1,x~'flun1l'llrl-J m~m~1l-Jl-I~ ~itlU 
'IJ , , 

'fl'fln ~'1~11,x Ln9t)' ~ ~'J1l-J L~1t1 ~~~ ~ 1 '\.JLl-I~ n L~1l-JhJ~1l-J1n6 ~ fOl11~ ~ n1~L~~'flU(;)'J~lUif1'1 

fOl11.h:;l-J1 rw 2.00% 'lItl'l ~'J1l-J~'1 1Un1d'Yl ~~tlU L~l (;)'JtlU1'1 S3 i:Jn1d'f)U~ LLUU L~'flU ~'JtI~ll-1,rn 

Ud'd'Yl n 1ULLU'J ~'1~n1dL~~tlU(;)'J~lUif1'1 fOl11.h:;l-J1 rw 3 .00% 'lItl'l~'J1l-J~'1 ~'1~'J1l-J~l-J~ufid':::l-I~1'1 

1'fltl~:;~ l'lnn1dL~~'flU(;)'J(%drift) flU m1l-J L~1t1~ 1um~m~1l-Jl'l1l-Jm'J'lItl'l(;)'JtlU1'1 S3 LL~~'1 C;)'1nJ 
'IJ 

..J 
Yl 4.27 
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Lateral drift (%) 

ltJ~ 4 .27 f)'J12-J~2-J~'Wtf~:::vl'i1'l1'[)t1~:::tlt;l~1m:i'Lf)~,[)'W(;]'J(%drift) nUf)'J12-JLf)'1t1~ 

1'Wm~m~12-Jt;l1MJ1'J'lJ,[)'l(;]'J'[)tJ1'l 53 
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2.50 

~1 LL'j.n..!'l~~~'l Ln'"lr)~f)'J12-J Lf)'1t1~ In'Wm~n L~12-J1?112-J'lJ'J1'l'lJ,[)'l LLl'l~:::~'W'lJ,[)'l m~n L~12-J '[)~~ 

~:::t1::: 100 2-J2-J ., 350 2-J2-J . LL~::: 600 2-J2-J.'"l1nj1'Wf)'[)'Wn'1t;l LL~~'l~1LLv"1'l'lJ,[)'lLn'"lr)~f)'J12-JLf)'1t1~1.'WltJ 

~ 3.12 ~'l~1 Lmt..!'l'lJ,[)'l L",~m~12-Jt;l12-J'lJ'J1'l1'WLL~~:::~:::~uhlL",n'[)'Wnu L~1(;]'J'[)tJ1'l 51 LL~:::L~1 

(;]'J'[)tJ1'l 52s Lti,[)'lm~~~ma-J1ru'lJ,[)'l m~m~12-Jm2-J'lJ'J1'l~'ltJ~:::2-J1n.m1'l",rt'l'"l1m~1(;]'J'[)tJ1'l 51 

LL~:::L~1(;]'J'[)tJ1'l 52s L~,[)LmtiULYitlUm~t'[)uf~'lJ,[)'lm~m~12-Jt;l12-J'lJ'J1'l ~'lm1yjf)'J12-Jf)'J12-J~2-J~'Wtf 
, , " 

~:::"'~1'l LLN m:::l11~11'W;r1'l nUf)'J12-J Lf)'1t1 ~ 1'WL"'~ nL~12-Jt;l1a-J'lJ'J1'l ~'l LL~~'ll'WltJYi 4.282 on'l ~~(;]'l 

'"l1n~1'W~'W2-J1 600 2-Ja-J . i'11'lYiI"l1r;l'lJ,[)'lL~1(;]'J'[)tJ1'l1'Wm~i'1~~,[)U~U~1L"'~nL~12-Jm2-J'lJ'J1'lti'l'"l~ 
~ . 
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1488 1~ t~(micro)"lJ'tl-:J ~'J1~ ~'J 1~ L~1t1 ~ LLf'l~~'J1~~~l~'t.\fi~~"d1-:Jr'tltlf'l~~ I'ln n11L~~m'\Ifl'J 

(%drift) n1J~'J1~ L~1t1~ 'b"\LVI~mt'l1~!111~"lJ'J1-:J"lJ'tl-:JIfl'J'tlfh-:J S3 ~~~'tl~~Pll~ Lt'l11fl'J'tlfh-:J LLt'l~-:J1-Wlu 
, , , 

..:W ""'1110 I .q.o::l cr.ca, .oCIII... _" 
VI 4.29 VlI'l1LLVI'W-:J 600 ~~. r.;nn31'W~'tl'Wml'l 'lI-:JLVlf'lmM~!111~"lJ'J1-:J~n1~~n"lJ1~LLtJnl'l'J'tl'tln ~'JtI 
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"lJ'J1-:J~ihJ'tltl'tl~ LL~'J ~-:JC.Jf'll,xC.J~n~'WLVI~ n Lt'l1~1'l1~"lJ'J1-:J Ln ~n1~~n"lJ1~ LLtlnlfl'J'tl'tl nl'WLLN LLf'l~ L ~'W1~ 
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ltJ~ 4.29 ~'lll-J-Kl-J~Ufi'l~~~l'1~'eltl~~rer (;l'i'1 mn~~'elUlJ1'l (%d rift) flU ~'l1l-J L~1t1 ~ 

LUL~~m~1'l-J(;lll-J'1J'll'1'1J'el'llJ1'l'elth'l S3 

1.25 
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~'lll-J-Kl-J~ufi'l~~~ 1'1 ~'eltl ~~n1 'lL~ ~'elU~ c;!hwn1'1'1J'el'l m1l-J~'1 flU'l~tI~n l'lL~~t1UlJ1'l L U 

LLU'lLLnU'1J'el'l lJ1'l'elth'l S3 LL~~'1~'1xtJ~ 4 .30 ~'1'l~tI~m'lL~~'elUlJ1'lLULLU'lLLnuiJmn~l-J~Ut1U1'1if1l 
'"luti'l~m'lL~~'elu~~huif1'1 1.00% '1J'el'l~'l1l-J~'1 YiU~l m~m~1'l-J(;lll-JtI1'lLn~m'ltri'l L~l~~U'"lln 
if'el~~ ~'l 1l-J L~1t1 c;)~l~vh n1'luuVi n B tc;)tI 'l~tI~~ Ln c;) n1'ltri'l L~1~~'1~Ul-J1'"l1 n llU~t1un1(;l 
tJ'l~l-J1ru 550 l-m . ~~'1'"llmnc;)m'ltri'l L~1~'l~tI~m'lL~~'elUlJ1'lLULLU'lLLnuiJn1'lL~l-J~Ul-J1n~U 
Cf'el til L rt'el'l 91 nml-J 1 ruL ~~ n (;l1l-J'1J'l 1'1 ~iJml-J1 ruUt1 tI 12-J L YJ tI'IYi'el~t 'eluf~~~t1,h tI ~ c;) ~'1 n 1 '1 tri'llJ1'l 

I " , 'I 

'1J'el'l m~nL~1'l-J (;l1l-JtI1'lVl LnC;)~U~~'191 n n1'l tri'l L~l~ t~tlVln1'lL~~'elUVl ~luif1'1 3% '1J'el'l~'l1l-J~'1 
, I " I II 

'l~tI~m'lL~~'elUlJ1'l LULLU'l LLnUiJ m'lL Yil-J~U'elU1'1iuYi~U L il'el'l91 ml1~t!nU'l'l'VJ n91 n LLN t Ul-J n'l'lLU 
, 

LLU'l~'1 
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3.5 

--53 

nJ~ 4.30 rl')1).!~).!~'Ufi~::~(h-3~'atl~::n1~ll"l~'a'U~~I'U;rI-3'l1'a-3Wll)'!~-3rlU~::tI::nlnl"l~'t)'U 
~ ~ 

(;]') 'lou LL'U,) lln'U'lI't)-l(;]')'t)£h~ 83 

" " ~1~fUnI~fil'U,) OJln !'llml)'! LPl~ l'ULLl'1~::i'U'lI'a-3 nfl)'! n1~fil'U,) OJ'W'U 9:: fi l'U,) OJ91 m::tI:: • 

'" I " " I I 

'VI C;]~'aui'U~:: 2 (;]') Lc;]tlVl!'lII"l,)I)'! LPl~ 'l 'Ulll'1 ~::i'U'W'Ufil'U,) OJ91 n e.J ~ l'11-l'll'a~~::tI::n1 ~ll"lfl'a'UVll 'U 

ll'U,)~-3 ~r) c;] 1~91n1~'VIC;]~'t)U ~')'U~')tI e.J~ I"l OJ'lI't)~ ~::tI::I"l,)I)'!lh~~'VIfi~::vdl~ ll"li't)-3~'t)r)c;] 'l'ULL'U,)'lIU 
'IJ , 

" 0 0 

rlU~::tI::I"l,)I).!tI1')'lI'a~ LLl'1~::i'U'lI'a~ n fl).! n1tfil'U,) OJ :n~9::'afiUlti n1'lfil'U,) OJ 'l 'U~)'!1 n1 tVl 3.4 Ll~:: , 

" 0 

(curvature)l ~ll~,)'W'U ~~~I)'!I'lm~tI'Unnyj 1"l,)1)'!~)'!~'Ufh::~~I~ L)'! L)'!'U;~C;] rlU!'lII"l,)I)'!LPl~l~ :n~ 

Ll~~-3~-3ltl~ 4.31 ~1~fUL~I(;],)'a£h-3'V1C;]~'au 81 Lc;]tI~ltl~ 4.32 lL~::ltl~ 4.33 LL~C;]~I"l,)I).!~).!~'Ufi 
t::~~I~L)'!L)'!'U;~C;]rlU!'lII"l,)I)'!LPl~'lI't)~ L~I(;],)'a~I~'VI~~'t)U 82s Ll~:: 83 Inl)'!~I~U 
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1~U~n1n~ultl di'tl'l91n LLN L~'tl'WLiiVl;'Wl'WLLW)Vl LLU'l~~U'W~'l~ii1 L~1f;]'l'tl£h'l ~1'W~'W1'W 
rlUViPlVl1'l n111~ LLN m~VhVl1'l ~1'W;r1'l ~'l LL~Vl'll'Wltl~ 4.34 dj'Wltl11'l LLUUn1n~ultl91mLN 

Lr)~,'tl'ln'tlr) Vln1n~~'tl'W~ LLuu1 yJrh 1~ LU'W1~U~n1n~~'tl'W~1 'WLL 'W'l nu ~'l LL~Vl'l n11~1'W'lrun11 

L~~'tl'W~Lti'tl'l91mLN L~'tl'W(;n~~~n11~ 3.8 (i'l~~n11~ 3.15 tVlUltl~ 3.21 f;]'l'tlU1'ln11~1'W'lrun11 

L~Ultl LLUU L~'tl'W 1~U~n1n~ultl Lrt'tl'l91 mLN L~'tl'W~1~91 nn11~1'W'lru ~1~11Cl L~u'WnnyJ 

~'l1~~~~'Wfi1~~~1'l LLNm~Vi1Vl1'l~h'W;r1'lrlU~~n1n~~'tl'W~ Lrt'tl'l91n LLN L~'tl'W1~ ~'l LL~Vl'l ~'lltl~ 

4.35 ~1~fUL~1f;]'l'tl£h'lVlVl~'tlU 51 tVlU~ltl~ 4.36 LLfl~ltl~ 4.37 LL~Vl'l~'l1~~~~'Wfi1~~~1'lLLN 
, " 

n1~Vi1Vl1-l ~1'W;r1-l rlU n11L~~'tl'WYl LU'tl'l91 n LL N L~'tl'W~'tl'l L~1 f;]'lmh'lVl Vl~'tlU 52s LLfl~ 53 

(;l1~~1~U 

;f5shear 
I 

Shetl1' De/omuztioll 
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ltJ~ 4.37 rl'n~~~'t~'t.Afir~~~1'lLLNm~vi1'Y11'l~T\.dh'ln1Jmnl"1~'el'W~Lrt'el'l"l1nLLNL~'el'W1J'el'l 
L~1J;]')mh'l'Y1(1l~'el1J S3 
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" ", 
1 'Wt'l')'Wil~ :::Ul L~'Wtl nt 'i'LU1fJU LVi t1U~ q ~ n nl-J l'11\1fllt11~ul~'I!nUnVJ n 1 'WLL 'W,) ~\I LLft::: LL'N 

m':::V11LLuu.r!)4'm' ~lm.Jftntj'Vl~~tlU'iltl\lL~II?l')tlril\1 S1 , S2s LLft::: s31'WltlLLUU'iltl\l~,)Il-J~l-J~'Wfi 

j':::~~ 1\1 LLN n j':::V11Vll\1 ~1'Wifl\1 flU 1tltl ft :::ntj'L~ ~tl'W~ ~ l'Wif 1\1l'1tl ~ ') 1l-J ~\ll 'Wft m~ru:::'iltl\l L~'W tA'\I'iltlU 

'Wtln (envelop curve) L~tlV11nt'i'LmtiU LVitluj':::~~I\1 L~II?l,)tlril\1Vl~~tlU ~,)Il-J~l-J~'Wfij':::~~I\1ntj' 

L~ ~tl 'W~1 'W LL 'W,) LLn 'WflU 1tl tI ft::: nt 'i'L~ ~ tl'W ~ ~ 1 'Wif 1 \ll'1'tl ~ ') 1l-J ~\I LLft::: Xtl nt j'fjilli'il 'tl\l L~11?l ,)tlri 1\1 

Vl~~'tlU 

" ~1l-Jl'tflUlt.Jftnlj'Vl~t'l'tlU~\I 3 1?l,)'tlril\1 l-J1L~t1'Wnnyh~'WtA'\I'il'tlu'W'tln (envelop curve) 

LmtiULVitlu~,)Il-J~Il-Jlj'f1furilft\ll'11\111~ ~\lltl~ 4.38 LL~~\I~,)Il-J~l-J~'WfiL~'WtA'\I'il'tlU'W'tlm':::~~I\1 

LLN m':::V11Vll\1 ~1'Wifl\1 flU 1'tl tift :::nt j'L~~'tl'W~I'Wifl\1l'1tl ~,)Il-J~\I ~\I m'IW LL~M t.Jft d:l'WrltU,) n Lvhtl''W 

L~'tl~It1 l'1'tl nt'i'Lifl1~ LLft:::~1 n nnw ~,)Il-J ~l-J~'WfiL~'W tA'\I'il'tlU'W'tl m':::~~I\1 UN m':::Yil Vl 1\1 ~1'Wifl\1 flU 

1'tltlft:::nt'i'L~~tl'W~I'Wifl\1vltl~,)Il-J~\I t'l1l-Jlj'f1~ltlLLNnj':::YilV11\1~I'Wifl\11Ji'~\I(;11j'I\1~ 4.4 

~ln ntj'Vl ~~'tlU~U~11'W'll,)\I LLj'n'iltl\l L~'WtA'\I'iltlU'Wtlm~ll?l,)tlril\1Vl~t'ltlUvY\I 3 1?l,)'tlril\1n 

ftm~ru:::~ln~ L~t1\1 fl'W~'W,h~'(;1j'1 nt'i'L~~'tl'WI?l,) 0.25% ~,)Il-J~\I (~'l-Jn~,)Il-J LL(;1nvll\1'il'tl\l L~II?l,)tlril\1 
", , 

Vl ~t'l'tlU~\I 3 ~,)'tlril\1 t~t1Vi L~I~,)tlril\1 S 1 n LLN ~1'Wifl\1m':::YilVi~~~nntlj':::l-Jlru 131 .2 nLftU') , 

I I " I 

~,)Il-J~\I '\1 Ln'WrltVil-Jln~\I~~'lJ'tl\l Lt'lI~,)'tlril\1~\I~l-J~ Lt'lII?l,)'tlril\1 S2s Vinnlj'vl'tlVllU mftnLt'll'l-J 

(;11l-JtJ1')Ul'L,) rut~'WL~1 n LLN~I'Wifl\1m'::Yil~~~~j'lntlj'::l-Jlru 125.4 nLftU')~'W LLft::LLNJi'I'Wifl\1 • 
m'::Yil~\I~~tlj'::l-Jlru 208.1 nLftU')~'W ~'e1(;1nntj'L~~'tl'W~')tlj'::l-Jlru 1.25% ~,)Il-J~\I LLft::Lt'l1 

l?l,)tlril\1 S3 ~nntj'ft~illl-Jlrumftmt'l1'l-J(;11l-J'il,)I\1ft\l~1\1~rt\l~lnL~II?l,)'tlril\1 S1 LLft:: S2s nLLN 
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, , 0-

nLf'lu',)(;]'W Vl'tllnnn1nflft'tl'W(;],)l.h~l-nru. 0.95% fI,)1l-J~'l t~t1~ft'l"'l1mr'Wn11f'l~f'l'l"JJ'tl'lLL1'lm~.yh .. 
0-

~1'W;r1'l"JJ'tl'lL~1(;],)'tlth'l 81 LLf'l~ 83 Ln~~'W'tlt11'l1,)~L~,) 'tl1"'1"'1~i1~f'll-J1"'11m.nl-J1ru.m~nL~1'l-Jln1l-J 

"JJ,)1'l~ri'tl'W;r1'lU'tltl ~'l"'l~L~'W1~'tlt11'li'~L"'I'W1'WL~1(;],)'tlt11'l 83 ~,)'WL~1(;],)'tlt11'l 82s LLNm~vi1 

~1'W;r1'l hj1~ f'l ~ f'l'l'tlt11'l~ft1J'W ft'W t~t1 ~1l-J1nl fI'l LL N n 1~vi1 ~1'W;r1'l1tl1~ ~'l LL~'el In n n11LfI~'tl'W~ 
~1'W;r1'l 1.00% "'I'Wtl'l 1.50% ~'tlfl,)1l-J~'l ~'l1~t1~tl1~l-J1ru. 0.5% 'ellnnn1nfl~'tl'W~~1'W;r1'l~'tl 

fI,)1l-J~'l LL~"'I1nn11~11,)"'I1~~1'ln11'Vl~~'tlUt!'WL~1(;],)'tlt11'l 82s hji1L~nmJl1'Wl-J1mrn L~'tl'lLn~ 
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S3 
, , 

LL~,:m~:::li1~TL.lif1\1vhiiVl~'t)mL~n11'l~i.JLLm (~r) 90.3 78.5 86.0 
, 

LLNm':::li1~TL.lif1\1Vi"Vlrl~1n (Py ) 131 .2 125.4 121.2 
... ... 
~TL.l"ll1\1 283.9 208.1 227.7 

(kN) 
, 

LLNm:::li1~1'L.l-if1\1Vi~~~\I 0.8 P max (Pt5m ) 227.1 166.5 182.2 

135.5 117.7 129.1 

196.8 188.1 181 .8 

425.9 312.1 341 .5 

(kN-m) 340.7 249.7 273.2 

1.20 ..,.------,-----,---,...-----r---,---,------,----,------, 

1.00 +---+-----:lIIIIrair~~k---+---l---+---+---'-~C-L----i 

Lateral force (kN) 0.80 +---+l~~_t_~\_+-~~--_t_--i_-_+--_t_----i 

Max. Lateral force (kN) 

0.60 +--I-I--I-+--_t_--~-_t~k---_t_--i_-_+--_t_-__I 

0.40 +-IfI--t---t---+-----f-...---+-'-...-~t----+---I----I 

0.20 -r.---t---t---+-----+---+-~-t--~"""""---I----I 

0.00 -f---t---!---+-----+---+---+----+--3f--__I 

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 

Lateral drift (%) 

lU~ 4.39 rl'l1i.J~i.J~'L.lfiL~'L.lt~\I"lI't)lJ'L.l't)m:::"'~1\1~~~1n1~flJLLNm:::li1'Vl1\1~1'L.lif1\1 

(Normalized) nlJ1'fltJ~:::n1nrl~'fl'L.l~1'L.lif1\1l'l'flrl'l1i.J~\I 

4.50 



(%drift) 
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, 
"" ." "ll'f)L~11J1'l'f)U1-3Vl~~'f)U S1 S2s S3 

~~tI~mnrlft'f)'WY1~1'Wif1-3Y1l11L"'~'-JLn~~'f)tI 1.88 1.87 1.88 

LLlJln~1'l~'-JLLm (8cr ) (0.125%) (0.125%) (0.125%) 

'~rl~1n (Jyl ) (1.0%) (0.75%) (0.75%) 

" , 
~~tI~mnrlft'f)'WY1~Twif1-3Y1~~rlnn (J ) 

• Y 

eM IV" "oC::II 0 

~~tI::mnrl~'f)'WlJl'l ~1'W~1-3Vl LLN m~'Yn 

~1'Wif1-3~-3~~ (Jpm ) 

~~tI~m~Lrlft'f)'W~'lY1~ '1i L~tI rl'l1'-J !1f1'WVl1'W 

~1'Wif1-3'lffi~ O.8P max (8m ) 

(Jcollapse ) 

13.25 

(0.90%) 

21 .75 

(1.45%) 

29.95 

(2.0%) 

63.31 

(4.0%) 

2.35 

4.97 

7.50 

(0.50%) 

18.88 

(1.25%) 

25.50 

(1 .7%) 

52.62 

(3.5%) 

3.40 

7.02 

9.75 

(0.65%) 

14.35 

(0.95%) 

21.41 

(1.5%) 

44.79 

(3.0%) 

2.20 

4.59 

" I , I 

~'f)-3 L~1~'l'f)£l1-3~-3 3 ~'l'f)£l1-3YiU~1 L~1~'l'f)£h-3 S 1 ;-3 Lij'W~'l LLVl'WL'WmnmtlU LY1t1Ui1~~tI::Lrlft'f)'WY1 

~1'Wif1-3~-3~~~ L~tli1f"i1'-J1nn~1 L~1~'l'f)£l1-3 S2s LL~:: S3 ~-3i1~::tI~mnrl~'f)'W~'l~1'Wif1-3~ C~'-J Ln~ 
~'f)mLlJln~1'l L~1~'l'f)£l1-3~-3 3 !1f'W i1f"i1L'Yllrl'W ~'f) 1.88 '-J'-J . ~tllJlnn1~Lrl~'f)'W~~1'Wif1-31h::'-J1ru 

I Q .J.., '" " .J 
0.125% 1Jl'f)rl'l1'-J~-3 '-J~~tI~n1nrl~'f)'W1Jl'l~1'W~1-3Vl'~rlnn (75% secant approach) ~'f)-3 L~1 

, " ..... I ..::::.I I ,..... q..... .cI,q 

lJ]'l'f)U1-3 S1 , S2s LL~:: S3 '-Jrl1LVl1nU 13.25 '-J'-J. , 7.50 '-J'-J . LL~:: 9.75 '-J'-J.Vl'f)lJlnn1nrl~'f)'WVl 
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flnn( g ,1
st 

steel yielding) LLft::L~lflJLLd'lm::~IrJ)'1..J"ih'ltNMI ~'lih::u::mnfl~'tlUl'1')rJ)l'w-ifl'l~ y , ~ ~ 

II I I I 

~'Lmti'lil LL~!?I'l~'lln1n'lYl4 . 8 L!?Im::u::mnflft'tlUl'1,)Yl~C1J L~ufl'n2-J(;·huvI1UrJ),u-if''lt.l1tl~1 Lmti'l 
, ~ 

YlLLd'lm::~IrJ),u-if''lft!?lft'l 20% ~'tl'lm::~,rJ),u-if''l~'l~!?I ~tl'lL~Il'1,)'tlf!I'll1'l 3 ~U ih::u::md " . 
Lfl~'tlUl'1')rJ)'U-ifl'l~~ClJL~Ufl".l12-J~IUVI1UrJ)IU-ifl'l LVl1nlJ 29.95 2-J2-J., 25.50 2-J2-J . LLft:: 21.41 2-J2-J. ~ 
'el(;lnmnfl~'tlU~rJ),u-if''llh::2-J'ru 2.0%, 1.7%, 1.5% c;l'tlfl,)I2-J~'l fl,)I2-JLt.lilu,)L:n'lmnfl~tlU~ 

rJ)IU-if''l~~FlIL~Ufl,)I2-J~IUVl1UrJ)'U-if,'l iJri,LVl1nlJ 2.35 , 3.40, 2.20 1n12-J~'~lJ LLft::9!?1~Ln!?lmd ".11:1 • 

~ , 
d::t.I~,'l mdVl!?l~'tllJUU~'d,)9YilJ~1 L~Il'1,)tlf!I'l S2s hJiJ L~iimfllYi2-J1 nun LU'tl'l Ln !?IdtlmL(;ln~,,) 

" I " , I I " , 

~U'tlf!I'ld,)!?1 Lt') c;l'fl LU'fl'l 11'l1ULLU,)Vl LLU'l2-Jl-JYl Ln!?l91n LLN L~'flU 1ULL u,)~'l LU'fl'l91 nUllJddVlnYln!?ll1lJ • • 

" , I I 

rJ)'U-if,'l~'fl'l L~Il'1,)'flf!I'l S2s UUCi'l9!?1flnmt,)Yl~!?I 9'l LtlU~1 m(;lt.lu'lYl~,1,xL~lfl'tlUn1(;liJrilfl,)l2-J 
" " " , 

I I I " I I I 

LLN LU2-Jtl')'l t.ld::l-Jl ru fl'lYl 0.2 Ie Ag m::~,1uLLU,)~'lYl,r') L~1 ~'lUUd::u::mdLflft'fluYl1ULLU()LLnUYl 
" " , " 

Ln!?l~Uc;l'l LLc;l C12-JVl!?l~'fllJ9UCi'l9ULn !?Imi'3umrJ)')uUlt.1UnlJdiVl n91n LLN L U2-Jtl')'l ~12-JldrIUI2-Jlt.11 , 

I I I " 

4.40 LYi'fl LmUlJ LYlUlJd::U::LLft::~U LLlJlJ mnflft'flUl'1,) 1ULLU') LLnUYl Ln!?l~U~'fl'l L~Il'1,)'flf!I'lVl!?l~'fllJ S 1 
., , , 

S2s LLft:: S3 91mJftmdVl!?l~'fllJYilJ~1 L~Il'1,)'flf!I'll1'l 3 l'1,)'flf!I'liJ d::U:: LflfttlUYl1ULLU') LLnuri'flU Ln !?I 

mi1lJ'1i Ud::2-Jlru 6 2-J2-J. Ld'flLYlUlJ-ri,)'lfl,)I2-J~'l~'fl'lL~Il'1,)'flf!I'lVl!?l~'fllJ 1.5 L2-J(;ld YilJ~liJrilnld 
" 

I I I I " 

~lJl'1'J~'tl'l L~IUd::2-J1 ru 0.4 % ~'lmdLYi2-Jd::u::mnflft'tluYl1ULLU,) LLnU~'fl'l L~Il'1,)'flf!I'lVl!?l~'fllJ;1'l 3 

~U 9:: L~2-J~U'flf!I'lifl1 LLft::iJril2-J1 n~uLd'fl Ln!?l mdLri'l L!?Il::~U L~U9::iJril'flf!I'ld'J~Lt,) L~'fl Ln~md 
LL(;l n~',)9Ufl'flUn1(;lt.lftui'tlU'fl'fl n2-Jl 9U~I2-Jldf:l2-J'fl'l L1Aum~ n L~1'2-JIn12-Jm'JrJ)'lU In1 LU~1 • 
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Lateral drift (%) 

o 4.5 

1 
81 

2 

82s 

3 

83 

4 

5 

6 

7 +-----~----~----_r----~--~~~~~----~----~----_1 

8 

9 

10 +-----~----~----_r----~-----L----~----~----~----~ 

11 ~ ____ ~ _____ ~ ____ ~ ____ ~ ____ -L ____ -L ____ -L ____ ~ ____ ~ 

ltJ~ 4.40 fOl,)1l-.J~l-.J~'Wfi1::VI~1-ln1nfOl~'il'Wl'WLL'W(Hbm.'\nU~'ilUfi::n1nfOl~'il'W~1'W;r1-l 
r;l'ilfOl,)1l-.J~-l1J'il-lL~1~')'ilth-lYlj?)~'ilU S1 S2s LLfi:: S3 .. 
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n1 1'Vl1fl~'elU L~1 #f'l'elthul1rJ1~ LL N m:::ViI'VlI'l ~IUifl'lLLUUr)!)r.r nnLft::: LLN m:::Vi11 ULL U'l LLnU 

fl'l~ 0.2 f 'A "'lULnlfln11fj~~'lrJ~IV1,rnUn'Vln"'llmLNLiil..JCh'l ViI1~LnIfl1fJmLl1In11'll-Jlnl-JlrJ J c g .. 

, , 0-

Lfl~'elUVl~IUifl'l 2.00%, 1.50%, LLft::: 1.00% "lJ'el'lfl'lIl-J~'l Llflm~I#f'l'elt.h'lv1'l 3 ~U i:id'elmLl1In11'l 
'II 

Ltlu~n1!tCl..l:::Lt\'U'Vl:::LLml-Jl-J L~U1~iIflL"'lU1UL~I#f'l'tltJl'l S1 LLft::: S3 LLl'lL~I#f'lfJtJl'l S2s Vlih'tlrJ , 

LLU'l ~'l~hj~l-Jln,rn Lrt'el'l"'llm~I#f'l'tltJl'l S2s iln11l'l'el'V11U LV1ftm~1l-J1uLLU'l~'l LLft:::"'llm.mn11 

'Vl1fl~'elU~Il-JlnlMU1~~1 L~I#f'l'eltJl'l'VlIfl~'elU S1 S2s LLft::: S3 Lnlfln11fju"iLLUUL~'elU (shear , 

Failure Mode) ~'lLL~Ifl'l1UlU~ 4.41 n11fj~LLUUL~'elU"lJ'el'lL~I#f'l'eltJl'l'VlIfl~'tlU LLft:::lU~ 4.42 

LL~Ifl'ln11fju"iV1~'lV1rJlfln11'VlIfl~fJU"lJ'tl'lL~I#f'l'eltJl'l'VlIfl~'tlU S1 S2s LLft::: S3 LlflrJ'tl11l11n11Lfl~'tlU~ , 

~luifl'll'l'tlfl'lIl-J~'l~L1ilflnl1fju"i~'lrJ~IV1,rnU11VJn1uLLU'l~'l Lvii 4.0%, 3.5% LLft::: 3.0% 

11I1l-J~I~U LLft:::L;j'tlLmrJULVlrJunULLUu41ft'el'l~ViIUlrJ'tlmln1nfl~'tlU~ ~Lnlflnl1fj~~IUn'Vln1u , 

LLU'lLLnU ~1~~~UI~ULlflrJ Elwood LLft::: Moehle,(2005) 1~'elfiulrJ(i'lLLUu41ft'tl'l'eltJl'l~lrJ~lV1fu 

nlNlft'tl'l fl'lIl-J~1l-J11C1 n 11L~rJlU~' Iflfj~ ~'lrJ~ 1V1,rnU11VJ n 1ULLU'l ~'l"lJ'tl'l L~I~ L~rJV11rJ L rt'tl'l"'l1 n 

LLNL~'tlU (V1~'l"'llmnlflnl1fl11mrt'tl'l"'llmLN~Ifl) LL~Ifl'l~'llU~ 2.11 LLft:::nl1~IU'lCl..l11l1l-J~l-Jn11~ 

2.19 e.lft 1UnlnmrJULVlrJULL~Ifl'l1~L~U~I'tlmln1nfl~'tlU~ ~1~Unl1~IU'lCl..l"lJ'tl'l Elwood LLft::: 

Moehle ,(2005) HViIUlrJ'tlml n1 nfl~'tlU~"lJ'tl'l L~11 UU 1::: L'Vl Pl1 'VlrJV11'tlU1::: L 'Vl PI~ Ln Ifl LL~U~u1 V1'li1'tlrJ 
I " I I 

hJ1~ LU'tl'l"'l1 n~ 111 11 Unl1~IU'l Cl..lilil~l-J~ ~ ~lu1 Un11fj Lfl 11:::l-fVl fu n1 nn Ifl LL~U~u1 V1'llULL1'l ;'l"'l::: 

LL~Ifl'le.lft"lJ'tl'lnlm.J1rJuLVlrJU ~'lLL~Ifl'l1UI1I111'l~ 4.9 
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, I I I " I 

J;l1n'lYl 4.9 LmtltJ LYltltJ 1:-J~"1I'el'l~ j;Jnn1n~fttJ'WYl Yl Ln~n1~fjilli ~')tl1l1tJnvln L'WLL'W,) LLn'WYl , 

o ... ... 
tJ~~'Vln L'WLL'W,) LLn'WYl ~1~~19:;Ln~~'W , ~')tl1l1tJ~~'Vln L'WLL'W,) LLn'W91 nl:-J~ , 

(..1) 4 I+(tanej 

L axial == 100 [s J tane, + p ----
A.fyhdc tao e, 

S1 0.5 % 4.0 % 

S2s 0.7% 3.5% 

S3 0.4 % 3.0% 

(n) L~1i?l,)'elth'l S1 (2.0%) ("11) L~1i?l,)'elth'l S2s (2.0%) (~) L~1i?l,)'elth'l S3 (2.0%) 

l1J~ 4.41 n1~fjilli LLtJtJ L~'el'W"1I'el'l L~1i?l,)'elth'l'Vl~~tJtJ S 1 S2s LL~:; S3 
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(~) ltlm),'V1(;)~!l1J"'~'lnl)'fjmi'il'e}.:JL~II1i''Jtl£h'l'V1(;)~!l1J S3 

ru~ 4.42 LL~(;)'lm)'fjmim~''lm),'V1(;)~!l1J'il!l'lL~II1i''J!lrJl'l'V1(;)~!l1J S1 S2s LLft:: S3 
" 



"'" tJ'VI'VI 5 

vY'J hn~mJ n ~'ell fll1fl'el'l.w11?l L~1~ LYl~n~n m1ri'el~ ¥l'1rim.!~Vi 1:::n'l!U~ ~"1I'fl'l nl1 

'el'el n LLUU L~'elU'el'l rl'l..!LL1'l LLN m:::l'11'"l1 n m nn~ LL~'l..!~'l..!l Yl'J'"l:::n,r'l..! n fl'Jl~r.h LU'l..!I?i''el'l n~u~l 
I?l 1'J '"l ~ 'flU 'ell fll 1 fl 'fl 'l..! n 11?l L ~ 1 ~ L Yl ~ n ~ 'l n ri 1 'J n'l Ii 1 ~ 'l fl 'J 1 ~ LL ii 'l LL 1 'l "11 'el 'l L fl ¥ 1 'l ~ ¥ 1 'l Yll n L n ~ 

LL~'l..!~'l..!lYl'J~'l..! ;'llh:::L'VHallYlrJJi''JrJ L'lf'l..!rl'l..!Lrt'fl'l'"ll n4' ~'fl~L'l..!L"1I1?l LL~'l..!~'l..!l Yl'J 1:::~uth'l..!n ~1'l '"l1 n LYl~n 
L'el'l9'l fl'J1n m1'el'el n LLUUTl1 flln~'flU'el'l rl'l..!m 11~ Ji''JrJ~lWWnU 11Yl n'"ll n LLN t U~ n'J'l ;'l L~l'fl'l..!djow • 
'el'l ~tJ 1:::n'flUYl~n L 'l..! Lfl N~¥l'1'ell fll 1 Yll n L~l Ln ~m11~~'lYl~lrJ'ell'"l'i'i'l ~~vh L~Tl1 fll1Ln ~m1 

Clri~l~ L~rJm1ri'el~¥1'lL'l..!tJ1:::LYlp\lYlrJL'l..!'el~ I?l,r'l..! n m1j;j'elYllU LYl~n L~1~~U1L'J(utfl'l..!L~1 LL~:::Tl1'"ln 

m1LihR~lrum~ntJ~'elnL'l..!m~lru~hJ~lnun ;'l'i'i'l~~m:::YlU'eltJl'l~lnj;j'elfl'Jl~~1~11Cll'l..!m1fu 
" , " 

LLN"1I'el'l L~l L~l mrilil9'l L1rJ n~l Lij'l..!L~lVihJn fl'Jl~ milrJ'J ~'lU'l..!L~1~'lnril'J9'lnr.h Lij'l..!I?i''el'lnm1 

1..1 fUtJN L~~fl'Jl~~1~11ClYl1m'1 m1ri'el~¥1'l LmJ L~'flYl~ LLYl'l..!L~'el~'"l:::~1~11Clfu LL1'l'"l1 n LL~'l..!~'l..!l Yl'J • 

fl'Jl~~1~11Cl'lJ'el'l L~l ri'el'l..! LL~:::1 Lfln:::vfnrJ~:::L~rJ ~ j;jl'l1 "ll'el'l L~l~llJnfl'Jl~ LYlilrJ'Jn L~'fl L~'eln lil 
1fim1L'l..!nln~~lil~'lfl'Jll-J LLii'l LLN"1I'el'l L~lfl'el'l..!n11?l L~1~ m~n 1~'eltJl'lntJ1:::~YlfifllVi LL~:::tJ1:::YlU~ 

;'lL'l..!UYln 1~vhm1u 11mmL~:::'elfiulrJn'l ~~m1Yl~~'elU"1I'fl'l L~l ~'J'eltJl'l~'l 3 ~'J'eltJl'l fllrJLI?i'LLN 

n1:::Vl1 LLUUrJ!]4'm t~rJ'"l:::1~'elfiulrJn'l~~m1Yl~~'eluj;jl'l1 ~'ln Vi ~~nnl-Jj;jl'l1 ~ Ln~~'l..!1:::Yl~1'lm1 
Yl~~'elUn~~~'lj;j'flltJn 

" 1. lin n ~~ m 1Yl ~ ~'elU Vi U ~lL 'l..!'lf'J'l LL 1n "11 'el'l L~'l..! t~'l"1l'flU 'l..!'el m~ 1 ~ 'J'eltJl'lYl ~ ~'flUYl'l 3 

~'J'eltJl'ln ~m~ru:::~1n~ L~rJ'lrl'l..!'"l'l..!n'l'fll?ln mnfl~'el'l..!~'J 0.25% fl'Jll-J~'l l~'~nfl'Jll-J LLI?l nj;jl'l"1l'el'l 

L~l~'J'fltJl'lYl~~'elU~'l 3 ~'J'eltJl'l L~rJ~L~l~'J'eltJl'l S1 nLLN~l'l..!ifl'lm:::vh~l'l..!ifl'll-Jln~'l~~"1I'fl'l 
L~l ~'J'eltJl'l~'lYl~~ L~l~'J'eltJl'l S3 ~nmJ~"'t11~lruLYl~m~1~ 1?l1~"ll'Jl'l~'l fli'lYln'l'"llnL~l 
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, 
lJi''ltlth'l S1 LL~~ S2s il LLN~1'W;)1'1m'~';hIi'1tdh'lLn~ LRtI'IrlU L~11Ji''ltlt.l1'1 S2s Ylilm'l~tlVl1U 

., 
Ll-1~n L~ltl (;11tlU1'lU1L 'l {U tf')'WL~1 t", Ul-1~'1~1 mr'Wm 'l~ 1Jl~'1'l1tl'l LLN m'~';h ~1'W;)1'1'l1tl'l L~11Ji''ltlt.l1'1 

S 1 U~~ S3 Ln"'~'Wtlt.l1'1'l'l1Jl L1'l m~~~ilt.l~tl1~1m.Ittl1{uLl-1~m~ltl(;11tl'll'l1'1~rltl'W;)1'1UtlU ~'1~~ 
L\1'Wl~tlt.l1'1ilJl L~'WL'WL~11Ji''ltlt.l1'1 S3 ~'l'WL~1[;]'ltlt.l1'1 S2s UNm'~';h~1'W;)1'112Jl~~"'~'1tlt.l1'1~~U 

., , , 
'Vi~'W t"'U~1tl1'lClf')'1 LLNm'~';h~1'W;)1'11tJl~IJi''1 LL~t1(;1'l1m'lLf')~tl'WYI~1'W;)1'1 1.00% ~'Wn'l 1.50% 

~tlf')'l1tl~'1 ~'1'l~U~tJ1~tl1{u 0.5% t1m1m1Lf')~tl'W~~1'W;)1'1~tlf')'l1tl~'1 LL~~1nm'l~11'l~1l-1~1'1 

m1V1"'~tluJ'WL~11Ji''ltlt.l1'1 S2s 12JilL~nU1Tl1'Vitl1nt!n Lrttl'l Ln(;l1tlU LL(;1 n~1'l~'Wtlt.l1'11'l(;l L1'l~tl Lrttl'l 

LL~~m'~~1UIJi''l L~tl~'ll-1U1'l1tl'l L~1Vl"'~tlU ritl'W~ Ln", m1l-1~'Witl'l1Jtl'lf')tl'Wn1(;1 t",u L~11Ji''ltlt.l1'1 S2s il • 

2. ~1nt.l~m1Vl"'~tlU'ViU~1L~11Ji''ltlt.l1'1 S1 ~'1LtI'WIJi''lUVl'WL'Wm1LmUuLYluuih~U~Lfl~tl'W~ 

~1'W;)1'1~'1~q", L(;luilrl1tl1nn~1L~1[;]'ltlt.l1'1 S2s LL~~ S3 t"'m~11Ji''ltlt.l1'1 S3 il1~U~Lfl~tl'W~ 
I I I I I "I 

" " " ... ...... .. .... " " ... ~ .. " .... I ... " ... 

(;l1'W'lI1'1'WtlU Vlq '" 'JI'Itl 1~U ~m1LFI~tl'W(;1'l '" 1'W1J1'1Vl L1tl Ln '" 1tlU U(;1 m'1'l L~1 (;1'ltlU1'1Vl'l 3 (;1'W 'JI'I~~ 
I I' " 

" I I AI .., f _ .. ... ... ,," ... I .... 

Ll-1'W'l1fl1f')'l1tlLl-1'Wm'lltl'lL~1(;1'ltlU1'1 S2s tl~'1q'" 'JI'I1~U~Lf')~tl'WVl"'1'W'lI1'1'l1tl'lL~1mtlU1'1 S2s 'W'W 

n'l~(;lfl11 n L1'ltl1n ~'1 LtI'W~1 Ll-1(;1l-1rt'l~';h L~'L~1 f')tl'Wn'11J1ilrl1fl'l1tl Ll-1Uml'\l'ln~1 L~1tlt.l1'1 S1 LL~~ • • \J ., , 

S3 LL~~L'W1~l-1~1'1m1Vl"'~tlUt!'W~11'l~'ViU~n~1 L~11Ji''ltlt.l1'1 S2s 12JilL~nU1Tl1'Vitl1nt!n Liltl'lLn", 

'ltlU LLlJl n~1'l~'Wtlt.l1'11'l'" L1'l ~tl Lrttl'l vY'IL'WLL'W'lVl LLU'l~tl~ Ln "'~1 n LLN L~tl'W L'WLL'W'l ~'1 Lrltl'l"1n~1 

I I I " 

'ViUU'l~n~1 rl1F1'l1tl muu'l L~'1n11LFI~tl'WYI ~1'W;)1'1Y1 Ln", m1'l~'lItl'l L~11Ji''ltlt.l1'1~'1 3 

3. "nnt.l~m1Vl"'~tlU'ViU~1 L~11Ji''ltlt.l1'1vY'I 3 lJi''ltlt.l1'1il1~U~Lfl~tl'W~L'WLL'W'lLLn'Writl'WLn", 
m'l'lU~ tJ1~tl1{u 6 tltl. LdtlLYlUU"lI'l'lf')'l1tl~'1'l1tl'lL~11Ji''ltlt.l1'1Vl'''~tlU 1.5 Ltl1Jl1 'Viu~1ilfl1m1 

I I I I " 

tJulJi''l'lltl'l L~1tJ1~tl1 {U 0.4 % ;'1m1Ll;tl1~U~m1LFI~tl'WYlL'WLL'W'l LLn'W'lItl'l L~11Ji''ltlt.l1'1Vl'''~tlU~'1 3 

'" ..:,t ,'" "",, ,t..; ... ~, ,t ~ "",,..:,t, CI"; 
(;1'W ~~L'Vitl'll'WtlU1'1'J111 LL~~tlFl1tl1n1J'WLtltl Ln",m1 ~n'l L"'1~'lI'W ~"'U,,~tl Fl1 L'Vitl'll'WtlU1'11'l'" L1'l Ltltl 

Ln", n11UlJl n~1'l~'Wfltl'Wn'11J1l-1~'Witl'Wtltl ntl 1 ~'W~1tl1 'lCltltl'l L \1'WL l-1~ n L~ltl 1J11tlU1'l ~'lU lJl1 LtJ ~1 • 
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4. 1'Wn11LfI~tl'W~~"n..!;r1-3~tl-3 L~1 ~'ltl LLNeJtrnvh 1~1tltl LL(;ln11'lJ . .nm.J1f.J LnCil n11"'~Cilitl'W 

~tl~fltl'Wn1(;l~\.-itl~J-l m~n L~1J-l ~~ LlI'WeJfll11l~ LnCil Ln ~n11 tri-3 LCil1::~tl~ L"'~n L~1J-l(;l1J-ltl1'l t~tln11 • 
<i'l ., I .oJ... 4I"J..,,, 
Ln~ LCil1::~tl~L~1(;l'ltltl1~ S1, S2s LLfl:: S3 Vltl(;l11n11Lflfltl'WVl~1'W~1-3 2.00%, 1.50%, LLfl:: 1.00% 

.1..- <i'1 ... J' ....... 1.1 
~tl-3f1'l1J-l~~ 1::tI::VlLn~n11Ln-3LCil1::'l~~'WJ-l11iij1nl1'Wfltl'Wm(;l J-lfl1lJ1::J-l1n.1 600 J-lJ-l ., 750 J-lJ-l.LLfl:: 

550 J-lJ-l . (;l1J-l~1~U ~~WU~11::tI::~LnCiln11tri~LCil1::~tl-3L~1~'ltl~1~ S2s iJrhLL(;lmh~riUL~1 

~'ltl~1-3 S1 LLfl:: S3 iJrhlm\'Lp)tI~ri'W Lrttl~1iij1niJn11I'ltlVl1Um~m~1J-l(;l1J-ltl1'l 600 J-lJ-l .(30 db) ~-3 

l11l~n11tri~ LCil1::LnCil~-3~'W1uIiij1m::tI::l'ltlVl1U LLfl::L~1~'ltl~1-3~~ 3 I1i''W iln11~n~1~ tri-3-3tl~tl~ 
m~n L~1J-l (;l1 J-l~'l1~ Lrttl~1iij1 nn11Wtl1t11J-l tri~ ~'l~tl~ L "'~n L~1J-l (;l1J-ltl1'l LLfl:: Ln~ n11"'~ ~itl'W~tl-3 

'" ..I.-X I .... I .... _ ....... '" ~ ... 

5. n11LL(;l m1'lVl LnCil~'W1::"''l1-3n11Vl CiI~tlU L~1 (;l'ltltl1~''WLn~n11'lU (;l ~'ltl'W1"''WnU11VJn 

1iij1mLN tUJ-lti'l~ L~1~~ 3 tl~1-3iJn11LL(;ln11'l1'W-n'l~ LL1n LfiCil~'Wtrn1!tn.l::LL'W'l'Wtl'W~'W1~riU",U1 L~1~~ 
Ln Cilliij1 mLN~ CiI (flexural crack) ritl'W ",tr-31iij1 mr'Wil1tltILL(;l n 11'l LlI'Wtr n1!tn.l:: L~'WVl:: LLtI~1-JJ-l Lrttl~1iij1 n 

LLNL~tl'W(shear crack) L~'W1~iCil LIiij'Wl'WL~1~'ltl~1~ S1 LLfl:: S3 LLI'l L~1~'ltl~1~ S2s Viil1tltl 

LL(;ln11'l m::1iij1t1 ~'l L~J-l ~'l"'U1~tl-3 L~1l'Wtrn1!tn.l::Lt\''WVl LLtI~1-JJ-l LLfl::U~iJ1tltl LL(;l n11'l l'WLL 'W'l ~-3~'ltl ~-3 

LL(;lnI'l1~1iij1m~1~'ltl~1~ S1 LLfl:: S3 ~hjwu tl1IiijLij'W~1L"'~J-l11iij1nn1nhtILVl~1",,rnu11VJnl'W 
LL'W'l ~-3~'W~J-l1n,rn L rttl~1iij1m~1~'ltl~1~ S2s iJn111'ltlVl1U L"'~m~1J-ll'WLL'W'l~-3 LLfl::1iij1neJfln11 

VlCil~tlU~1J-l11n~tu1~~1 L~1~'ltl~1-3VlCil~tlU S1 S2s LLfl:: S3 LnCiln11'lumLLUU~CiI-L~tl'W (f1exure-

. ... ., ..J n" J' " shear Failure) 'Il~(;lNnUVlfl1Ci1n11n.1 'l LUtl~(;l'W 

6. eJfln11LUffiU LVif.JU eJfln11V1 CiI~tlU riu LLuu41 fltl~~l11'W1t1fi (;111 n11LfI~tl'W~ ~ Ln Ciln11'l~ 

~1u11Vlnl'WLL'W'lLLn'W ~1~~~'W1~'WtCilti Elwood LLfl:: Moehle,(2005) 1~tlfiU1t1n~LLUu41fltl~tl~1~ • 
~1 tI ~1",fu n1141 fltl-3 fI 'l1J-l ~1J-l11n n 11 L~tllU~' ~ 'l~ ~'ltl~1",,rnu nVJ n 1'W LL 'W'l ~-3,tl-3 L~1~ 
L~tI"'1t1Lrttl-31iij1mLNL~tl'W ("'tr-31iij1mnCiln11fl11mrttl~1iij1mLN~~) WU~1n11~1'W'ln.l~tl~ Elwood 

..J" !f"I." .....J " " , , ..J1 " LLfl:: Moehle,(2005) Vl L'Il L'WVl1'W1t1tl(;l11n11Lflfltl'WVl~1'W~1~(;l1~(;l1-31iij1neJfln11VlCil~tlUVl CilJ-l1n 

L rttl~1iij1n ~(;l1l 'Wn11rl1'W'l n.ldiJ~J-l1-J&i l1'Wl'Wn11'l Lfl11::,x~fu n11LnCil LL~'W~'W1",'l t'WLLN ~~hJ 
~ , 

~1J-l11n lifn11rl1'W'l n.luriu L~1l'Wu1::L Vlf'l1Vltl",1tlU1:: LVlf'lVi Ln ~ LL~'W~'W1"''lUtltl1~ 



126 

, ., 
fil,)l2-J Ll"ilut'ILLfl:::nlft'l1lJ LLNl2J~ L~ntlUnlJ Lt'lIf'i'')tlth'l 51 LLfl::: 53 Vll2Jjjn11~tlYlllJ ~'IUUn111lJ 

LLNn1:::l11~IU;Jl'1~tl'lLt'lIf'i'')tl~I'1 52s ~'Ijjl"hUtlUn~ILt'lIf'i'')tl~I'1 51 LLfl::: 53 

8. n11flt'lm2-Jln.!LLfl:::~Ult'l~tl'lm~mt'l12-Jm2-J~,)I'1 tt'lUlifm~nnfl2-J RB6 m2-Jln.! 0.098% 

(;l12-J2-JllIU E.I.T 1007-34 ~flt'lm2-Jln.!fl'l1.h:::2-Jln.!fili'l~rt'l'"llnLt'lIf'i'')tl~I'1 51 Ufl::: 52s ~lif 
., , 

m2-Jln.! 0.181% (;l12-J2-JllIU AC1318-05 UU l1ll~1.h:::~Ylti111'Vml1ttllJ11'1fll'lfl'l ''Ii1~fl~tllill 

., , 
tl~I'1hn m2-J'"I1 n ~fl n11Yl 1'1 t'ltlWt'l1 f'i'')tl~I'1l1'1 3 f'i'')tl~I'1 ~lJl~~1 Lntl LL N m:::l11Yll'1 

., 
rlhU;Jl'1fll'lfl'l 20% '"lIn LLNm:::l1l!iIl'lt'l1'1 Lt'l1 f'i'')tl~I'1tJ'It'lI2-Jl1t11lJU1~UnlJ11Yln lULL U') LLnullA' Ufl::: \l • • 

..I ., ., ., 
tJ'I i1tl~1 Lt'l1 tJ'Il2J Ln 1'1 n11~lJ"i L Utl 'I '"I 1 mlllJ 11Yl n~tl'ltl'lliltl1 fill1 tt'lU ~fln11Yl I'It'ltllJ lUfil1'1il'"l:::Li~u • 
LL u,)Yll'11Un1N t'll11 LLlJlJr.tlfltl'lYll'1fil ru.(;l f'llt'l(;l f L ~tltltl n LLlJlJ tfilNt'l11'1~ t'l12-Jl1t1 1lJ LLN LLcJU~U 1 ~') 

LLfl:::d~u;Jtl2Jfl~l~fu'lIU'l4'U~u~ L~m;Jtl'l ~tl hJlutlUI fil (;l 

5.2 ,j''8L.U'8LLU~ 

., , 

n 11'l Lfil11 :::,x;Jtl2J fl'"ll n'lIU~ 4'uil t'l12-J l1t1t'l11.Htl Lt'lUtl LL U::: LL U') Yll'11.J5u~ VI fil ')1'"1::: 
., 

l11n11~m~nA'ufilt)11UtlUlfil(;l1~ ~'I~tll1.Jil 

., ., 
1. 'Ilu~4'uill2Jl~i1n11'l Lfil11:::,x~')U UlJlJ41fltl'lYll'1filru.(;lf'llt'l(;lf UU~'Ifil,)1i1n1141fltl'l 
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'!Jtl,3n1'1 tri'l L(;11~ (bucking) '!Jtl'l m~m~·h.J '1~tJ~n1'1LJ1tl'Vl11.J'!Jtl'l L"'~ m~rl.JVI1l.JU1'.l ml.J1ruL".~n 

L~rl.JtJl1l.J'!J'.l1'1 ~'1"~~'1tJ~LJ1tln1'1fl~1utf'lN~11'1L~1 ~'1f'l'.l'1i1n1'1~n'l!t1L~l.JL~l.JLJ1tl1t1 
., 

2 .1U'I1Ufl4'tJU L~1 (;]'.1 tlU1'1'Vl (;1~tl1.J S 1 i1 n1 ~'1t1 (;11h~~tJ'!Jtl'l f'ltlUn1tJ1 LLtJln LJ11'1"1 m~1 

(;]'.ltlU1'1 S2s LL~~L~1(;]'.ltlU1'1 S3 ~'1f'l'.l'1Vhn1'1'Vl"'~tl1.J (;]'.ltlth'l L~1 L~l.J L~l.J1\-li1n1~'1t1"'lh~~tJ'tItl'l 

f'ltlUn1tJ1~ Lvh nUL~tl Li1Uf'l'.l1l.J LLtJln LJ11'1'1~"'~1'1(;]'.ltlU1'1'Vl(;1 ~tl1.J l~~;u ~ n~'11 u'I1ufl4'tJdltll~~n'l!t1 
o ., 0 

'1~tJ~n1'1LJ1tl'Vl1'1"1 nl.J1 tJI'1,,1U E.I. T1 007 -34 i1'1~tJ~n1'1LJ1tl'Vl11.JV1~Un~1 L~tl"~'Vl'111.Jn'lVi~ ~nnl.J 

'!Jtl'l n1 '1LJ1tl'Vl11.J~ i1 '1~tJ~~ iu1 UL~1 f'ltlUn1tJ1 L~rl.J m~n l~tlU 1'1-D '" L "U;U 
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401 400 401 402 1493 1495 

2 402 399 402 401 1490 1493 
S1 

3 400 401 401 400 

401 400 401 401 1491 1494 

402 401 400 401 1485 1482 

2 403 402 401 400 1483 1481 
S2s 

3 402 402 400 401 

402 402 400 401 1484 1481 

400 401 403 402 1483 1482 

2 402 400 405 404 1484 1483 
S3 

3 400 401 401 401 

401 401 403 402 1483 1482 

-~ -~ 

I'" 
d1 

~I ~ ~ 

blI f2 <.rol ~> 
I'" ~I 

d2 

. _ . . 

L--

= ~ 

h 

~ . . I Strong Floor 
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No. Load Volt 

(T) (V) 

0 0.14 

1 2 0.23 

2 4 0.33 

3 6 0.43 

4 8 0.53 

5 10 0.63 

6 12 0.73 

7 14 0.84 

8 16 0.94 

9 18 1.04 

10 20 1.14 

11 22 1.24 

12 24 1.34 

13 26 1.43 

14 28 1.54 

15 30 1.63 

16 32 1.73 

Calibration curve for Actuator 
35 

30 

25 

20 = 19.93051x - 2.61910 

i=" R2 = 0.99990 
:; 15 
III 
0 
~ 10 

5 

0 

0 0.25 0.5 0.75 1 1.25 1.5 1.75 2 

Volt(V) 
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Load (kg) 

Gauge Reading 151 2nd 

ascending descending ascending descending 

0.0 0 0 0 0 

50 14 13 11 12 

100 27 28 24 24 

150 40 40 37 37 

200 53 53 51 50 

250 66 66 63 62 

300 79 79 77 77 

350 92 92 89 90 

400 107 105 - -

Calibration curve for Hydraulic Jack 
120 

100 

80 

E 60 
'1:1 
III 

40 .9 

20 

0 

0 100 200 300 400 500 
Gauge Reading 
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LVOT No. S1 S2s S3 

Label K (mm/volt) Label K (mm/volt) Label K (mmlvolt) 

1 40 0.0499 40 0.0499 40 0.0499 

2 12 25.5054 12 25.5054 12 25.5054 

3 11 25.2696 11 25.2696 11 25.2696 

4 3 7.5278 3 7.5278 3 7.5278 

5 37 0.0049 37 0.0049 37 0.0049 

6 6 2.0744 6 2.0744 6 2.0744 

7 8 2.1431 7 2.1431 7 2.1431 

8 7 2.0591 8 2.0594 8 2.0594 

9 10 2.0555 10 2.0555 10 2.0555 

10 13 25.1597 13 25.1597 13 25.1597 

11 23 95.0047 21 85.9859 21 85.9859 

12 24 94.1076 4 3.3229 4 3.3229 

13 21 85.9859 23 95.0047 23 95.0047 

14 4 3.3229 24 94.1076 24 94.1076 

15 31 0.0050 31 0.0050 31 0.0050 

16 32 0.0049 32 0.0049 32 0.0049 

17 33 0.0049 33 0.0049 33 0.0049 

18 2 3.3103 2 3.3103 2 3.3103 

19 34 0.0050 34 0.0050 34 0.0050 

20 35 0.0050 35 0.0050 35 0.0050 

21 36 0.0049 36 0.0049 36 0.0049 

22 1 3.5273 1 3.5273 1 3.5273 



LVDT 7 
c 

cLVDT a 

LVDT 6 

DIAL GAUGE 

LVDT 10 

Lateral Load 

LVDT 1 

LVDT 2 

LVDT 18 ~ 

LVDT 3 I 

---- ----- ---

LVDT 17 ~ 1tJ>;;0·,: .... ~ LVDT 21 

LVDT~ I ~ I 

:1VDT 16 < V~l''' ~ LVDT 20 
~ ~<::$ 

LVDT 5 

LVDT 15 Y ~ LVDT 19 

SPECIMEN 

BASE CONCRETE 

1JOO 

(Uneor Varioble DIsplacement TrQnsd~l 

LVDT 9 

DIAL GAUGE 

t I '" I I I 

~t1Y1 nA ~1LL'"ti_:jY1~(;l~_:jLfilr'fl_:jt)(;l~:;U:;m~Lfil~'fl'UY1 
OJ 
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1l1flr.l1.l~n 'II 

CV I 0 I 

~~il!J1~n1'lfl11.1~W"'1~!J~n1'llJlil"1'U'IIil~ 

iiln1,..1.I.-. AC1318-05 
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t~t1t 'lJ2J1 (;11l1'lJ''tl-:J ACI 318-05 n11(;]'tl L"'~ n;J'tlt1'tltl1U LLN.fl~ fil'l12Jtl1'l''tl-:J n11(;]'tl 

'Vl1U1ULLN.fl(;1 ~'tl-:JiiFl1LVi1tiU OJ)071;,db (0.0711;,db h~1"'1U f y hlLn'lJ 4,000 nn.l'll2J.
2 

(420 MPa) ",1'tliiFl1LVi1tiU (0.0131;, - 24 )db ~1"'1U f y Ln'lJn~1 4,000 nn.l'll2J.
2 

(420 

MPa) LL(;]filf-:Jtl~'tl-:JhhJ'tltln~1 300 2J2J. t~L~2J1~t1~'Vl1U~n",n-:Jt'lJ~12J~1"'1U f; tJ'tltln~1 
210 nn.l'll2J.

2 
(21 MPa) 

.. .....1" !f'I "" .. " " ., ::. "" , "1m",~m~12J'Vl ~'lI ~'lJn11'Vl~MIU ~'lIL",~n1J'tl'tl'tltl SD40 (;1-:J'lJ'lJ ~·'U~t1~n11(;1'tl'Vl1U 

LVi1tiU Ls =( 0.013.!;, -24)db 

Ls = [0.013(4000)-24]x20 

" LVi1~~~U'lJt;JFl11~t1~n11(;]'tl'Vl1U Ls LVi1tiU 600 2J2J. 
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..,. 0 _~ "'t1.a" 
91';J'!l!n,:m"fI''U';JW,"'lJ')..!'WL,"tiln tiI'an""'!l.IJn'71I'a.IJ 

" 0 '!I'!ln',"'U(;I AC1318-05 
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uhrH1'!~U~\"'J1~"''!Ifl~L~~nL~1~'Vl1~'!I'l1~vr~\nJ'" (Ash) ~~1'l~~~L~~nU"''Vl1~'!I'l1~ 
(erossties) H\~flnH'rh~~1nn~11:;~~1~ 

A Sh = O.3shc ---L-l (_C_) 
[

A ] f I 

Ac i yh 

" , 
Ac LtlUYlUV1WW1~"''!Ifl~LLnUFIflUn1~~",~~tj'lUfln'!lfl~L~~mJ~fln 

fc I LtlUri1i~fuLLN~"'lh:;itJ'!Ifl~FlflUn1~ 

!;,h LtlUri1i~~, "'Fl11n'!lfl~ L~~nL~1~'Vl1~'!I'l1~ 

," ., ...... 2 21' I 
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